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Editorial 


Traditionally  all  abstracts  of  contributions  submitted  to  the  23rd  General  Assembly 
are  included  free  of  charge  in  the  Annales  Geophysicae  Supplement  once  they  were 
accepted  by  the  appropriate  convener(s)  and  once  they  were  received  in  time,  in  the 
standard  format  and  of  sufficient  quality  for  reproduction.  Abstracts  submitted  for 
symposia  included  in  two  different  parts  of  the  Supplement  issue  are  included  (twice) 
in  both  parts,  respectively. 

Like  in  previous  years,  not  all  contributions  included  will  actually  be  presented. 
Because  of  the  lack  of  financial  support,  several  young  scientists  as  well  as  colleagues 
from  the  central  and  east-European  countries  will  not  be  able  to  participate  in  the 
meeting,  although  the  Society  has  continued  its  support  schemes,  such  as  the  Young 
Scientists'  Travel  Award  and  the  East  European  Support  Award.  In  this  way  there  are 
more  abstracts  included  in  the  Abstract  Book  than  contributions  compiled  in  the 
Programme  Book.  Therefore,  in  order  to  simplify  the  ordering  of  abstracts  within  an 
event,  we  have  adopted  the  alphabetical  order  with  respect  to  the  surname  of  the  first 
author  rather  than  the  order  of  presentation  in  the  Abstract  Book. 

With  almost  5.800  contributions  received,  this  Supplement  of  Annales  Geophysicae  has 
become  an  important  open  forum  for  fast  distribution  of  results  of  geophysical 
research  on  a  pan-European,  international  level,  helping,  at  the  same  time,  to  promote 
the  contact  between  all  geophysicists  in  Europe.  Please,  support  the  fostering  of 
cooperation  and  contact  your  colleagues  also  if  not  personally  present  this  time.  For 
this  reason,  the  authors  have  also  included  a  contact  e-mail  or  fax  number  in  their 
abstract  for  faster  correspondence. 

On  behalf  of  the  Society  I  am  very  pleased  to  welcome  you  to  Nice  on  the  occasion 
of  the  23rd  General  Assembly  of  the  European  Geophysical  Society.  May  your 
participation  in  this  meeting  be  successful  and  scientifically  rewarding. 

A.K.  Richter 
Executive  Secretary 
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01  Tectonics,  structure  and  dynamics  of 
the  Alpine-  Mediterranean  System 

Convener:  Ansorge,  J. 

Co-Conveners:  Banda,  E.;  Kahle,  H.-G. 


C.  Froidevaux 

Laboratoire  de  Geologic,  Ecole  Normale  Superieure,  Paris 
fTOidevo@geophy.ens.fr 

Lithospheric  plate  velocities  were  first  described  on  the  basis  of  the  present  sea  floor 
age  pattern,  in  coherence  with  focal  mechanisms  of  earthqu^es  near  plate 
boundaries.  Why  the  plates  are  moving  remained  however  an  unanswered  question 
until  seismic  tomography  started  to  reveal  weak  lateral  heterogeneities  besides  the 
strong  radial  dependence  of  seismic  velocities.  This  enabled  mantle  dynamicists  to 
introduce  corresponding  density  loads  in  mantle  models,  the  viscosity  of  which  had 
already  been  estimated  by  post  glacial  rebound  models.  This  presentation  will 
describe  the  successes  of  mantle  dynamics  in  predicting  plate  velocities  and  the  shape 
of  the  geoid,  i.e.  of  the  perturbed  gravitational  potential.  The  role  of  subducted 
material  in  driving  plate  motion  has  thus  been  confirmed.  In  addition  the  deep  mantle 
mass  anomalies  responsible  for  the  long  wavelength  geoid  were  shown  to  derive 
from  slabs  as  old  as  100  or  150  Ma,  which  penetrated  the  lower  mantle.  New  higher 
resolution  tomographic  results  confirm  this  ongoing  simple  flow  pattern. 


PALEOMAGNETISM  AND  PALEOGEOGRAPHY  IN  THE 
MEDITERRANEAN 

J.E.T.  Channell  fU  and  G.  Muttoni  (2) 

(1)  Department  of  Geology,  Univerrity  of  Florida,  Gainesville,  FL  3261 1 

(2)  Institut  fur  Geophysik,  ETH  Honggerberg,  CH  8093  Zurich 
jetc@nervm.nerdc.ufl.edu^ax  (352)  392-9294 

It  is  now  over  20  years  since  the  African  affinity  of  paleomagnetic  data  from 
deformed  Mesozoic  continental  margins  surrounding  the  Adriatic  Sea  (Adria)  was 
first  recognized.  The  sense  and  scale  of  thrust  sheet  rotations  has  now  been  well 
documented  in  some  parts  of  the  belt,  and  has  played  an  important  role  in 
reconstructing  the  paleogeography  of  the  continental  margins.  Large-scale  rotations 
have  been  recopized  in  Sicily,  throughout  the  Apennines,  in  the  Dinarides  and 
Hellenides  and  in  the  Northern  Calcareous  Alps/Bakony  Mts.  In  a  few  places,  such 
as  Umbria,  APWPs  from  individual  thrust  sheets  appear  to  have  "African"  shape. 
Unlike  most  of  the  deformed  continental  margin  of  Adria,  significant  differential 
rotation  of  thrust  sheets  in  the  Southern  Alps  is  not  widespread  and  is  restricted  to 
the  Immediate  vicinity  of  major  faults  such  as  the  Insubric  Line  and  Valsugana  line. 
Permian  to  early  Cenozoic  paleomagnetic  directions  are  generally  consistent  across 
the  Southern  Alps,  from  Friuli  in  the  east  to  the  Lombardian  Basin  in  the  west.  The 
composite  APWP  from  the  Southern  Alps  for  Early  Permian  to  Cenozoic  time,  and 
individual  poles  from  the  para-autochthons  (Iblei,  Apulia/Gargano,  Istria)  coincide 
with  best  estimates  for  the  African  APWP,  within  the  uncertainties  associated  with 
both  datasets.  It  therefore  appears  that  Adria  has  rotated  with  Africa  since  Early 
Permian  time  in  spite  of  evidence  for  Mesozoic  oceanic  extension  in  the  position  of 
the  present-day  Ionian  Sea,  and  extending  eastward  into  the  eastern  Mediterranean. 


Tectonic  modelling  of  sedimentary  basin  formation  in  the  Alpine  - 
Mediterranean:  developments  and  perspectives. 

S.  Cloetingh.  CH.  F.  Horvath  (Ti. 

(1)  Faculty  of  Earth  sciences,  Vrije  Universiteit,  De  Boelelaan  1085,  1081  HV 
Amsterdam,  The  Netherlands. 

cloeting@geo.  vu.nl/Fax:  +31-20  6462457 

(2)  Department  of  Geophysics,  Edtvos  University,  Budapest,  Hungary. 

The  Alpine-Mediterranean  area  offers  a  number  of  excellent  natural  laboratories  to 
study  the  dynamics  of  sedimentary  basin  formation.  Data  sets  obtained  through  a 
large  array  of  multidisciplinary  observational  approaches  provide  important 
constraints  on,  for  example,  the  mechanisms  of  extensional  basin  formation  in 
convergent  regimes,  the  interplay  of  extension  with  simultaneously  occurring 
compressional  fold-and  thrust  belt  development  and  the  causes  and  effects  of  late- 
stage  compressional  reactivation  of  extensional  basins.  We  review  the  interplay  of 
lithospheric  processes  and  the  surface  processes  in  a  number  of  basins  in  the  area 
using  quantitative  modelling  for  the  reconstruction  of  the  basin  fill  and  the 
associated  record  of  vertical  motions  as  well  as  for  an  assessment  of  the  role  of 
paleo-rheology  in  the  process  of  sedimentary  basin  (de)formation. 


CENOZOIC  RIFT  STRUCTURES  IN  THE  SURROUNDINGS  OF  THE 
ALPINE-MEDITERRANEAN  SYSTEM 

C.  Prodehl 
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Two  major  rift  systems  developed  at  the  edges  and  in  connection  with  the  Alpine 
-  Mediterranean  orogeny:  the  Central  European  rift  system  bends  around  the  arc 
of  the  Western  Alps  and  the  Affo-Arabian  rift  system  starts  in  the  Levante  at  the 
southeastern  end  of  the  Mediterranean.  This  contribution  emphasizes  the  most 
important  crustal  and  upixr  mantle  features  of  the  Central  European  rift  system 
as  mainly  based  on  seismic  and  seismological  investigations.  Under  the  Rhenish 
Massif,  taphrogenesis  may  just  have  started  or  has  been  severely  disturbed  bv’  the 
concrete  block  of  the  Rhenish  Massif.  In  some  regions  it  seems  that  only  the 
upper  part  of  the  crust  was  affected  by  the  rifting.  In  other  parts  of  the  rift, 
possibly  controlled  Iw-  faults  of  crustal'  dimensions,  the  lower  crust  has  been 
modified  by  rift-related  processes  as  well.  For  the  southern  segment  of  the 
Rhinograben,  new  seismic  data  require  to  assume  a  two-level  plate  tectonics  with 
a  zone  of  decoupling  between  a  brittle  upper  part,  broken  into  blocks  of  different 
sizes,  and  a  ductile  lower  part  of  the  lithosphere.  The  asymmetry  of  the  deep 
hypocenter  seismicity,  the  thinning  of  the  lower  crust  and  the  deepening  of  the 
reflective  lower  crustal  layer  may  be  caused  In  the  activation  of  an  intracrustal 
detachment  horizon  in  rcpqnse  to  the  built-up  of  intraplatc  compressional  stresses 
related  to  collisional  coupling  of  the  Alpine  orogen  with  its  foreland.  The  Moho 
depths  compiled  for  the  European  Cenozoic  rift  system  may  not  always  be 
identical  with  the  petrological,  real  cmst-mantlc  bouniiaty. 


NEOCENE-QUATERNARY  MAGMATIC  ACTIVITY  AND  ITS  GEODYN.AMIC 
IMPLICATIONS  IN  THE  CENTRAL  MEDITERRANEAN  REGION 

G.  Serri 

Dipartimemo  di  Scienze  della  Terra,  Viale  delle  Scienze,  Parma ,  Iialv 
serri?dst.umpi.it/Fa.\: +39  521  905305 

The  petrogenesis  and  time  /  space  distribution  of  the  magmatism  associated  with  the 
formation  of  the  northern  and  southern  Tyrrhenian  basins  show  that  the  two  arc  /  back- 
arc  systems  are  separate  by  a  lithospheric  discontinuity  at  about  41-  N  and  underwent  a 
different  structural  evolution  at  least  since  the  Middle  Miocene  jlanghian). 

The  geochemical  components  involved  in  the  genesis  of  the  hetherogeneities  of  the 
mantle  sources  of  this  magmatism  require  two  separate,  compositionallv  different  slabs: 

1)  an  old  oceanic  (Ionian)  lithosphere  still  seismically  active  below  the  Calabrian  arc 
and  the  southern  Tyrrhenian  region;  2)  an  almost  seismically  inactive  continental 
(.Adriatic)  lithosphere.  The  proposed  geodynamic  models  require:  li  for  the  northern 
Tyrrhenian  /northern  Apenninic  "arc  /  back-arc  system",  the  delamination  and 
foundering  of  the  Adriatic  continental  lithosphere  which  has  taken  place  as  a 
consequence  of  the  continental  collision  between  the  Corsica  block  and  the  Adriatic 
continental  margin.  This  delamination  process,  which  is  still  ongoing,  has  probablv 
started  in  the  Earl>’-Middle  Miocene. 

2)  for  the  southern  Tyrrhenian  /  southern  Apenninic-Calabrian  arc  /  back-arc  system, 
the  roll-back  subduction  and  back-arc  e.\tension  driven  by  gravitational  sinking  of  the 
Ionian  oceanic  subducted  lithosphere.  This  process  has  probably  started  just  after  the 
end  of  the  arc  volcanism  of  Sardinia  (about  1 5-1 3  Ma). 


Cll 


SEISMICITY  AND  STRESS  REGIME  IN  THE  MEDITERRANEAN 
REGION 

A.  Udi'as 

Dept.  of  Geophysics  and  Meteorology.  Universidad 
Complutense,  Madrid,  figeol2@sis.ucm.es 

Distribution  of  hypocenters  and  focal  mechanisms  of 
earthquakes  are  the  basic  tools  in  establishing  the 
seismicity  and  stress  regime  in  a  region.  The  Mediterranean 
region  is  located  at  the  plate  boundary  between  the 
Eurasian,  African  and  Arabian  plates.  This  boundary  extends 
from  the  Azores  islands  to  the  Caucasus  and  has  a  complex 
nature  with  Interaction  of  oceanic  and  continental 
lithosphere.  Seismicity  varies  in  degree  from  area  to  area, 
with  higher  activity  in  the  Hellenic  arc.  Most  earthquakes 
are  of  shallow  depth  with  four  regions  of  deep  and 
intermediate  foci  related  with  arc  structures.  The  boundary 
separates  continental  and  oceanic  lithosphere  with  the 
presence  secondary  blocks,  areas  of  extended  deformations 
and  subduction  zones.  Regional  stresses  show  predominant 
horizontal  compressions  in  a  general  NW-SE  direction  with 
some  areas  of  horizontal  tensions  in  the  Betic-Alboran, 
Apennines,  northern  Greece  and  western  Anatolia. 
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PLIOCENE  TO  PRESENT  STRESS-FIELD  EVOLUTION  OF 
THE  CENTRAL  APENNINES  ADRIATIC  MARGIN  PTALY): 
AN  INTEGRATED  GEOPHYSICAL  APPROACH 

L.  Alfonsi  (1),  L.  Di  Bella  (2),  F.  Florindo  (1),  A.  Frepoli  (1),  M.T. 
Mariucci  (1),  F.  Marra  (1),  P.  Montone  (1),  L.  Sagnotti  (1)  &  A^ 
Winkler  (n. 

(1)  Istituto  Nazionale  di  Geofisica,  Rome,  Italy,  (2)  Dip.  di  Scienze 
Geologiche,  Universita  “La  Sapienza” ,  Rome,  Italy 
winkler@ing750.ingrm.it/Fax:  +39-6-5041181 

An  attempt  was  made  to  integrate  different  geophysical  data  sets  to 
reconstruct  the  time-spatial  evolution  of  the  stress  field  in  the  foredeep 
to  foreland  Adriatic  margin  of  the  central-northern  Apennines,  during 
the  past  5  Ma.  We  used  an  updated  compilation  of  borehole  breakout 
in  deep  wells  (about  50  wells)  and  focal  mechanisms  of  2.5<Md<4.5 
crustal  earthquakes  that  occurred  in  the  last  year  to  determine  the 
present  stress  field  in  the  area.  The  anisotropy  of  magnetic 
susceptibility  of  marine  fine-grained  Plio-Pleistocene  sediments  (27 
sites  of  sampling)  was  used  to  evaluate  the  temporal  evolution  of  the 
strain  pattern  in  the  area.  A  synthesis  for  these  geophysical  data  is 
discussed  in  terms  of  their  bearings  to  the  tectonic  evolution  of  the 
region. 


THE  EVOLUTION  OF  THE  ALPINE-MEDITERRANEAN  RE¬ 
GION;  FROM  STRUCTURE  AND  KINEMATICS  TO  DYNAM¬ 
ICS 

M.J.R.  Wortel  and  \V.  Spakman 

Vening  Meinesz  Research  School  of  Geodynamics,  Faculty  of  Earth  Sciences, 
Utrecht  University.  PO  Box  80021,  3.508  TA,  Utrecht,  The  Netherlands. 
Results  of  seismic  tomography  studies  on  the  3D  mantle  structure  of  the  Alpine- 
Mediterranean  region  are  the  basis  for  our  quantitative  approach  of  the  litho¬ 
spheric  dynamics  in  the  region.  We  emphasize  the  following  aspects  and  results: 
First,  through  a  test  via  thermo-kinematical  modelling  the  tomography  results 
have  provided  strong  support  to  reconstructions  such  as  the  one  by  Dercourt 
et  al.  (1986).  Secondly,  on  the  basis  of  the  tomography  results  for  the  Alpine- 
Mediterranean  region  we  have  hypothesized  (Wortel  and  Spakman,  1992)  that 
(a)  lithosphere  subducted  in  the  Alpine-Mediterranean  convergence  zones  has 
become  detached  from  the  near-surface  lithosphere,  and  (b)  the  detachment  has 
propagated  (or  migrated)  laterally  along  the  strike  of  the  convergence  zones. 
This  hypothesis  has  been  (and  is)  subjected  to  three  types  of  tests:  (1)  a  numer¬ 
ical  modelling  study  of  the  mechanical  aspects  of  the  proposed  process.  (2)  a 
test  of  model  predictions  against  pertinent  geological,  geophysical  and  geodetic 
observations,  and  (3)  additional  tomographic  resolution  tests,  specifically  aimed 
at  the  question  whether  the  tomographic  results  allow  for  the  interpretation  of 
detachment.  The  test  results  provide  increasing  support  for  the  hypothesis  of 
lateral  migration  of  slab  detachment,  and  for  the  significance  of  the  process  in 
the  geodynamical  evolution  of  the  region. 


STRUCTURE  OF  THE  ALBORAN  BASIN,  TECTONICS  AT  THE 
IBERIA-AFRICA  PLATE  BOUNDARY  FROM  NEOGENE  TIMES 

J.  AIvarez-Marron  (1).  Comas.  M.C.  (2)  and  Carbonell,  R.  (1) 

(1)  Institute  of  Earth  Sciences,  CSIC,  Barcelona.  jalvarez@ija.csic,es/Fax: 
a-34-3-41 10012.  (2)  Instituto  Andaluz  de  Ciencias  de  la  Ticrra.  CSIC-University  of 
Granada 

The  Alboran  Basin  has  been  evolving  since  Neogene  times  within  the  internal  zone  of 
the  Betic-Rif  orogen.  at  the  Iberia*Africa  transpressional  plate  boundary.  Extensional 
processes  during  Early  Miocene  times  initiated  the  basin,  and  was  coeval  with 
shortening  in  the  external  zone  of  the  orogen.  Since  the  late  Tortonian.  a  dominant 
strike-slip  tectonic  regime  has  been  influencing  the  structure  of  the  basin.  Timing  of 
events  are  partially  constrained  by  borehole  data  at  the  northern  margin  and  OOP  Leg 
161  drilling  at  deeper  parts  of  the  basin.  The  ESCl-Alb  multichannel  seismic  survey 
imaged  the  crustal  structure  of  the  Alboran  Basin  in  two  profiles,  both  showing 
sub-basins  filled  with  Miocene  to  Recent  sediments  between  fault-bounded  basement 
highs  and/or  volcanic  edifices.  The  ESCl-Albl  Is  a  90  km  long  NNE-SSW  trending 
profile  across  the  northern  Alboran  Sea  margin.  It  images  gently  basin-ward  dipping 
reflections  at  6-8  s  interpreted  to  correspond  to  a  detachment  surface  within  the  crust 
near  the  Spanish  margin.  Layered  lower  crustal  reflections  are  at  6-9  s  near  the  centre 
of  the  basin.  The  ESCI-Alb2  is  a  298  km  long  E-W  trending  profile  from  the  central 
part  of  the  Alboran  Sea  to  the  South  Balearic  Basin.  Westward  tilting  of  basement 
blocks  appears  to  have  occuaed  during  Pliocene  to  Recent  times.  The  ESCI-Alb  data, 
together  with  other  multichannel  seismic  profiles,  provide  evidence  suggesting  that 
strike-slip  tectonics  is  playing  a  significant  role  in  the  present  morphology  of  the  basin, 
and  that  active  left  lateral  transpression  related  to  oblique  convergence  between  the 
African  and  Iberian  plates  continues  to  influence  the  development  of  the  Alboran 
region. 


MODELLING  OF  TERTURY  TO  PRESENT  DAY  STRESS  FIELDS  IN  THE 
IBERUN  PENINSULA  AND  RELATED  ESTRAPLATE  DEFORMATION 

B.  Andeweg*,  G.  De  Vicente**,  S.Cloctingh*  and  A.  Muiloz  Marlin** 

•  Vrije  Univcrsileit  Amsterdam  (NL)  **Umversidad  Complutense  de  Madrid  (S) 
andb@geo.vu.nI/  fax:  +31-20-6462457 

The  Iberian  Peninsula  experienced  from  E  Tertiary  onward  stress  fields  that  changed 
rapidly  in  type,  orientation  and  magnitude.  Oblique  collision  with  Eurasia  starting  in  L 
Cretaceous-  E,  Paleogene  created  a  stress  field  with  Shmax  oriented  NNW-SSE,  rotating 
in  time  to  N-S  or  NNE-SSW  with  major  deformation  in  the  Pyrenees  and  off  shore 
Cantabria.  A  jump  in  active  plate  boundary  to  the  south  in  M  Miocene  relocated  the  major 
deformation  front  to  the  Belies  and  caused  an  uniaxial  compression,  with  Shmax  NNW- 
SSE.  Opening  of  the  Valencia  Trough  to  the  E  side  of  the  plate  readjusted  this  stressfield 
during  L  Miocene  to  extension  in  the  Valencia  area  and  strike  slip  in  the  interior  of  the 
plate.  Due  to  the  ongoing  convergence  between  Africa  and  Eurasio/Iberia  the  NNW-SSE 
compressional  stress  field  has  been  reactivated  from  L  Pliocene.  Several  overlaps  in  time 
and  place  of  the  described  regional  stressfields  caused  very  diverse  local  stress  fields, 
Most  of  these  stress  stages  are  well  documented  in  the  deformation  of  the  interior  of  the 
plate.  Field  data  (micro-  and  meso-structural)  provide  constraints  for  the  orientation  of  the 
stressfield  through  time  and  place.  The  results  of  first  order  numerical  modelling  of  the 
(paleo)stress  fields  by  plate  boundary  changes  and  differential  opening  of  the  North 
Atlantic  are  compared  with  the  obtained  stress  trajectory  maps  for  different  timeslices 
from  E  Tertiaiy  onward  to  test  hypotheses  on  the  evolution  of  both  plate  boundaries  of  the 
Iberian  microplate  as  w’ell  as  its  internal  deformation. 
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CENOZOIC  AFRICA-EUROPE  CONVERGENCE  IN  THE 
CENTRAL  MEDITERRANEAN:  KINEMATICS  AND 
GEOLOGICAL  IMPLICATIONS 

A.  Argnani 

Istituto  di  Geologia  Marina,  CNR  via  Gobetti  101, 1-40129  Bologna 
andrea@boigm2.igm.bo.cnrJt 

The  convergence  between  the  African  and  European  plates  has  been  going  on 
from  late  Cretaceous  to  Present  and  the  motion  between  the  two  major  plates 
were  established  from  modelling  of  the  magnetic  anomalies  in  the  Atlantic 
ocean.  However,  the  reconstruction  of  the  position  of  Adria  through  lime 
suffered  from  the  lack  of  major  constraints  and,  depending  upon  the  authors, 
this  continental  block  was  considered  either  as  attached  to  the  African  plate  as  a 
promontory  or  as  an  independent  microplate. 

Multichannel  seismic  profiles  collected  in  the  last  few  years  by  the  Institute  of 
Marine  Geology  of  Bologna  in  the  Adriatic  area  allow  to  disregard  the 
hypothesis  of  a  Tertiary  microplate  boundary  between  Adria  and  Africa  and 
support,  instead,  a  recent  review  of  paleomagnetic  data  that  indicates  an  African 
affinity  of  Adria  during  the  Jurassic  and  Cretaceous.  Considering  the  solid 
connection  between  Africa  and  Adria  throughout  the  Mesozoic,  and  using  some 
simple  assumptions  derived  from  the  inferred  geodynamIc  processes,  a 
kinematic  reconstruction  of  the  Central  Mediterranean,  from  late  Cretaceous  to 
the  Present  will  be  presented.  Controversial  aspects  such  as  the  Alps- 
Apennines  connection,  the  flip  of  subduction  polarity  and  the  repositioning  of 
the  subducted  portions  of  the  Teihyan  oceans  can  be  fit  in  the  proposed 
evolution. 


NUMERICAL  SIMULATIONS  OF  THE  SURFACE  EFFECTS  OF 
SLAB  DETACHMENT:  THE  APENNINES 
S.J.H.  Buiter,  R!  Covers  and  M.J.R.  VVortel 

Vening  Meinesz  Research  School  of  Geodynamics,  Faculty  of  Earth  Sciences. 
Utrecht  University,  Netherlands. 
buiterCgeof.ruu.nl/Fax:  [+31]  30  2535030 

Regional  tomographic  images  of  Adriatic  lithosphere,  subducted  below  the 
Apennines  (Italy),  suggest  that  it  is  detached.  Wortel  and  Spakman  (1992, 
Proc.  KNAW  9S)  hypothesize  that  this  is  the  result  of  propagation  of  a  hori¬ 
zontal  tear  along  strike  of  the  convergent  plate  margin.  This  may  lead  to  the 
following  surface  expressions.  A  more  pronounced  outward  migration  of  the 
trench  and  a  deeper  surface  deflection  are  expected  to  result  from  the  transfer 
of  the  weight  of  the  detached  part  of  the  slab  to  the  undetached  part.  Rebound 
occurs  where  the  slab  is  detached  and  slab  pull  is  reduced. 

We  employ  a  two-dimensional  viscoelastic  model  to  simulate  the  surface  effects 
of  detachment  of  subducted  lithosphere.  Paleogeographic  reconstructions  are 
used  to  constrain  the  initial  geometry  of  the  model.  Movements  of  the  side 
boundaries  are  constrained  by  paleomagnetic  observations.  Mechanical  bound¬ 
ary  conditions  at  the  bottom  of  the  model  can  be  used  to  represent  the  effects 
of  the  slab  well  below  the  region  of  interest.  In  the  simulations,  the  evolution 
of  the  model  interior  is  governed  by  the  dynamics  of  the  process  under  con¬ 
sideration.  We  focus  on  detachment  induced  changes  in  horizontal  and  vertical 
motions  and  compare  the  results  with  geological  observations  for  the  Apennine 
subduction  zone. 


LITHOSPHERIC  PROCESSES  IN  THE  PROVENCAL  AND  TYRRHENIAN 
OCEANS  CONTROL  THE  VELOCITY  OF  SUBDUCTION  IN  CALABRIA 
(SOUTHERN  ITALY) 

G.  Bertotti  (1),  A.  Negredo  (2)  and  R.  Sabadini  (2) 

(1)  Dept.  Earth  Sciences,  Vrije  Universiteit  Amsterdam,  bert@geo.vu.nl 

(2)  Dept.  Earth  Sciences,  University  of  Milan 

During  the  Paleogene  Corsica-Sardinia  and  Europe  formed  a  single 
continent.  To  the  SE,  continental  collision  with  the  Adriatic  plate  was  nearly 
complete.  In  the  Late  Oligocene,  Corsica-Sardinia  and  Adria  began  rotating 
counterclockwise  leading  to  the  opening  of  the  Provencal  ocean  first  and, 
subsequently,  of  the  Tyrrhenian  ocean.  Continental  rifting  in  the  Provencal  basin 
ended  in  the  Early  Miocene  and  was  followed  by  oceanic  spreading.  In  the 
Burdigalian  the  oceanic  ridge  was  de-activated  and  extension  shifted  east  of 
Corsica-Sardinia.  The  persisting  rotation  of  Adria  caused  rifting  between  the  two 
blocks  and,  eventually,  the  formation  of  oceanic  crust  in  the  S-Tyrrhenian  basin. 
The  dynamics  of  extension  in  the  area  was  basically  controlled  by  the  sinking  and 
roll-back  of  the  subducting  Ionian  plate.  In  the  initial  stages,  stresses  and 
deformation  were  distributed  over  the  entire  upper  plate  between  Spain  and 
Calabria.  Retreat  velocities  at  the  SE  edge  of  the  upper  plate  were  low,  in  the  order 
of  few  mm/y.  With  the  abandonment  of  the  Proven9al  spreading,  stresses  were 
distributed  over  a  shorter  length  between  Sardinia-Corsica  and  the  SE  plate  edge 
and  velocities  in  Calabria  increased  to  several  mm/y.  The  acceleration  of  Calabria 
is  documented  bv  eeoloeical  evidence. 


"Ar/”Ar  EVIDENCE  OF  AN  EO-ALPINE  EVENT  (128  Ma)  IN 
GREATER  KABYLIA  (ALGERIA):  GEODYNAMIC 
CONSEQUENCES. 

Cheilletz  A.(n.  Ruffet  G.  (2)  Marignac  C.  (1),  Kolli  O.  (3),  Gasquet 
D.  (1).  Feraud  G.  (2)  and  Bouillin  J.P.  (4) 

(1)  CRPG-CNRS-INPL,  Vandoeuvre-les-Nancy,  Fr  (2)  CNRS  Geosc. 
Azur,  Nice,  Fr  (3)  USTHB,  Alger  (4)  CNRS  Grenoble  Fr. 
cheille(3>crpg.cnrs-nancy.fr 

A  ductile  shearing  event  is  recognized  in  gneisses  and  barite  veins  of  the 
ctystalline  internal  massifs  of  alpine  Maghrebides.  Dating  of  shearing 
movement  is  carried  out  by  ^Ar/^®Ar  laser-probe  experiments 
performed  on  synchronous  neoformed  micas.  The  proposed  age  at  128 
Ma  is  constrained  by  a  two-components  mixing  model  for  the  saddle- 
shaped  age  spectra  on  phengites  and  by  a  plateau  age  at  128.3  ±  0.3  Ma 
on  muscovite.  This  Hauterivian-Barremian  boundary  age  records  a 
strong  reworking  of  the  Alboran  plate  (input  of  detritals  in  the  flysch 
basin)  and  surrounding  areas  and  can  be  correlated  with  the  J  magnetic 
anomaly  in  the  Atlantic  and  the  distensive  events  in  the  Pyrenees  and 
external  Alps.  Therefore,  dispersed  radiometric  ages  (130-80  Ma) 
obtained  on  the  alpine-Mediterranean  basement  could  reflect 
interferences  between  this  event  at  128  Ma  and  late-alpine  stages. 


SEGMENTATION  AND  SEISMICITY  OF  THE  CYPREAN  ARC 

Z.  Ben-Avraham  (1),  S.  Wdowinski  (1),  R.  Arvidson  (2)  and  G.  Ekstrom  (3) 
(1)  Department  of  Geophysics  and  Planetary  Sciences,  Tel  Aviv  University, 
Ramat  Aviv,  69978,  Israel,  (2)  Seismological  Department.  Uppsala  University. 
BOX  2101,  S-750  02  Uppsala,  Sweeden,  (3)  Department  of  Earth  and  Planetary 
Sciences,  Harvard  University,  20  Oxford  Street,  Cambridge  M.A.  02138,  USA. 
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The  Cyprean  Arc  is  divided  into  three  distinct  segments.  In  the  western  seg¬ 
ment  normal  subduction  takes  place.  The  relative  plate  motion  is  almost  per¬ 
pendicular  to  the  arc  in  this  segment.  In  the  central  segment  a  collision  be¬ 
tween  Eratosthenes  seamount  and  the  arc  occurs.  In  the  eastern  segment  the 
arc  forms  a  wide  zone  of  wrench  faulting.  We  determine  the  centroid  depths 
for  the  Mw=6.8,  October  9,  1996,  Cyprean  .\rc  earthquake.  located  west  of 
Cyprus,  and  its  largest  aftershock  to  32  and  27  km.  respectively,  by  modeling 
P  and  SH  waveforms.  The  actual  fault  plane  was  found  from  the  distribution 
of  aftershock  events  and  from  the  location  of  the  Harvard  centroid  solutions  of 
the  mainshock  and  its  largest  aftershock.  We  also  calculated  the  pole  of  motion 
between  .\natolia  and  .\frica  and  determined  the  relative  plate  motion  between 
these  plates.  Tlie  strike-slip  mechanism,  unusual  for  a  subducting  plate,  may  be 
caused  by  locking  of  subduction  south  of  Cyprus,  where  the  continental  Eratos¬ 
thenes  seamount  underthrust  Cyprus.  The  result  appears  to  be  the  emergence 
of  a  strike-slip  tear  fault  between  the  western  and  the  central  segments,  sepa¬ 
rating  the  continental  Eratosthenes  seamount  south  of  Cyprus  from  the  oceanic 
.\frican  lithosphere  that  subducts  west  of  Cyprus. 


THE  ACTIVE  TECTONICS  OF  THE  AEGEAN  REGION:  IN¬ 
SIGHTS  FROM  NUMERICAL  MODELS 

S.  Cianetti  (1),  C.  Giunchi  (2),  P.  Gasperini  (3)  and  M.  Boccaletti  (1) 

(1)  Dip.  Scienze  della  Terra,  50100  Firenze,  Italy,  (2)  Dip.  di  Scienze  della 
Terra,  Sezione  Geofisica,  20129  Milano,  Italy,  (3)  Dip.  di  Fisica,  Settore  Ge- 
ofisica,  40127  Bologna,  Italy. 
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The  .Aegean  region  is  characterized  by  a  very  fast  and  interesting  geodynamics. 
Different  processes  like  continent-to-continent  collision,  subduction,  internal 
extension  occur  in  this  area.  On  one  side,  the  observed  velocity  field  can  be 
simply  described  as  a  rigid  rotation  of  the  Aegean  plate.  On  the  other  side,  our 
results  suggest  that  this  rotation  be  due  to  the  interplay  between  the  push  of 
the  Arabian  plate,  the  effects  of  the  sudbuction  of  the  African  plate,  and  of  the 
disomogeneity  of  the  Aegean  plate  regarding  the  crustal  thickness  and  the  heat 
flow  at  the  surface.  In  this  paper  we  test  the  effects  of  different  mechanisms  by 
a  2D  finite  element  model  with  realistic  rheology  for  the  crust  and  lithospheric 
mantle.  Our  aim  is  to  find  the  distribution  of  forces  and  boundary  conditions 
at  the  border  of  the  plate  that  can  reproduce  better  the  observed  velocity  and 
stress  fields. 
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WILSON’S  AND  BERTRAND’S  CYCLES  IN  THE  EVOLUTION  OF  THE 
MEDITERRANEAN  AND  URAL-OKHOTSK  INTERCONTINENTAL 
MOBILE  BELT 

Victor  E.Khain  ,  Institute  of  the  Lithosphere,  Russian  Academy  of  Sciences, 
Moscow,  E-mail  khain@ilsan.msk.ru 

In  the  evolution  of  the  mobile  belts  and  of  the  paleooceans  from  which  they 
originated,  it  seems  rationally  to  distinguish  cycles  of  two  orders:  the  largest 
among  them  comprises  the  time  elapsed  from  the  beginning  of  the  breakup  of  a 
supercontinent  and  birth  of  a  paleoocean  until  the  closure  of  this  ocean  and  the 
formation  of  a  new  supercontinent .  Such  megacycles,  with  duration  of  an 
order  of  500-600  min  years,  correspond  in  the  author’s  opinion  to  the  cycles 
established  by  J.T. Wilson  and  deserve  to  be  named  after  his  name.  The 
megacycles  consist  of  shorter  cycles,  of  an  order  of  150-200  min  years,  which 
correspond  to  the  classical  cycles  distinguished  by  M.Bertrand  -  Caledonian, 
Hereynian,  Alpine  ,  later  suplemented  by  Baikalian  and  Cimmerian.  These 
cycles  are  characterized  by  a  partial  closure  of  separate  parts  of  the  oceanic 
basins,  due  to  the  collision  of  microcontinents  with  the  continents,  bordering 
this  ocean,  and  by  simultaneous  opening  of  new  basins  in  its  other  parts.  An 
even  shorter  category  of  cycles  could  be  noticed  -  cycles,  separated  by  Stille’s 
“orogenic  phases”,  following  each  other  after  20-25  min  years  (Stille’s  cycles”). 
These  orogenic  phases  are  provoqued  by  the  collision  of  volcanic  island  arcs 
with  each  other  or  microcontinents  or  continents. 

All  the  above  said  could  be  illustarated  on  the  example  of  the  evolution  of  the 
two  largest  intercontinental  mobile  belts  of  the  Eastern  hemisphere:  the 


THE  POSITION  OF  THE  AFRICAN-EURASIAN  PLATE  BOUNDARY 
DURING  THE  PERMIAN  TO  JURASSIC 

H.W.  Kozur 

Rezsu  u.  83,  H-1029  Budapest,  Hungafy 

The  closure  of  the  northern  Hereynian  ocean  accreted  detached  splinters  of  the 
African  Plate  to  the  European  Plate.  In  the  south,  a  Hereynian  remnant  ocean 
remained  open  until  an  Artinskian  to  Roadian  subduction  (Lercara  flysch  in 
western  Sicily,  similar  sequences  in  Mrzle  Vodice,  Croatia,  and  ’clastic  Trogkofel 
Beds’,  Slowenia)  that  closed  parts  of  this  basin  (e,g.,  Mrzle  Vodice),  whereas 
other  parts  continued  into  the  Mesozoic  (Oman-Sicily  Belt).  As  shown  by  the 
African  rotation  pattern  of  the  Adriatic  Plate,  this  remnant  ocean  was  part  of  the 
African  Plate.  North  of  this  remnant  ocean,  an  oceanic  trough  (Antalya-Mamonia- 
Pindos-Budva  Ocean)  opened  during  the  upper  Olenekian  to  middle  Camian. 
Further  in  the  north,  during  the  latest  Permian  and  Lower  Triassic  (northwestern 
Turkey)  or  during  the  Lower  Anisian  (Meliata-Hallstatt  Ocean),  the  Cimmerian 
Ocean  opened  within  the  Eurasian  Plate  separating  a  part  of  the  Hereynian  accreted 
originally  African  southernmost  Eurasian  Plate  (Cimmerian  Microcontinent). 
Southward-directed  subduction  of  the  Cinunerian  Ocean  caused  the  Late  Triassic- 
Jurassic  opening  of  the  Vardar-Izmir-Ankara  Ocean  within  the  Cimmerian 
Microcontinent.  In  the  Jurassic,  the  Penninic  Ocean  opened  north  of  the  Meliata- 
Hallstatt  Ocean  within  the  Eurasian  Plate.  The  Permian-Mesozoic  oceanic  troughs, 
partly  with  interacting  opening  and  closing,  separated  several  Western  Tefhyan 
microplates  that  were  neither  connected  with  the  African  nor  Eurasian  plates. 


TELESEISMIC  IMAGING  OF  THE  VRANCEA  ZONE,  ROMANIA 
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The  Vrancea  zone  seismicity  has  peculiar  features:  (i)  strong  earthquakes  in  interme¬ 
diate  depths  occur  in  a  very  narrow  volume;  (ii)  this  seismogenic  zone  is  situated 
beneath  continental  crust;  (iii)  no  evidence  for  active  ongoing  subduction  is  found 
today.  Our  teleseismic  tomography  study  gives  new  evaluation  of  tectonical  sce¬ 
narios  related  to  the  Vrancea  seismicity.  The  digitally  recorded  waveforms  for 
125  events  mainly  from  the  period  between  1994  and  1997  were  picked,  travel-time 
residuals  were  calculated  with  the  IASP91  reference  tables  and  the  inversion  was 
done  with  the  ACH-method.  The  weighted  relative  residuals,  which  are  more  or  less 
independent  of  hypocenter  localisation  errors,  were  minimized  using  a  standard  least 
squares  algorithm.  Our  current  best  fit  model  with  a  variance  improvement  of  70  per 
cent  has  some  prominent  features:  (i)  the  local  high  velocity  body  with  maximum 
perturbations  of  about  3  per  cent  is  totally  embedded  in  a  low  velocity  medium  with 
negative  peak  perturbations  of  about  5  per  cent;  (ii)  indication  for  break-off  in  about 
120  km  depth;  (iii)  a  downward  counter-clockwise  rotation  of  the  subducted  slab 
from  southwest-northeast  orientation  to  south-north  orientation.  Our  slab  model  is  an 
image  of  the  Eastern  Carpathian  subduction  zone  which  retreated  towards  the  east 
during  middle  Miocene  and  changed  its  direction  towards  southeast  during  the  final 
stage  in  late  Miocene. 


BELT  BENDING  AS  A  CONSEQUENCE  OF  LATERAL  BEND¬ 
ING  OF  SUBDUCTING  LITHOSPHERIC  SLAB:  GEOPHYSICAL 
EVIDENCES  FROM  THE  NORTHERN  APENNINES  (ITALY) 

Lucente  F.  P.  (1)  and  Speranza  F.  (2) 
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In  this  paper  we  explore  the  possibility  that  the  arcuate  shape  of  the  northern 
Apennines  is  a  consequence  of  the  lateral  bending  of  the  subducting  Adriatic 
plate.  Recent  paleomagnetic  results  from  the  northern  Apennines  document 
that  this  belt  is  properly  an  orocline  and  results  from  early  Pliocene  bending  of 
a  Messinian  straight  belt-foredeep  system.  Tomographic  images  in  turn  show 
the  presence  of  an  high-velocity  body,  interpreted  as  an  active  subducting  slab, 
in  the  upper  mantle  beneath  the  northern  Apennines  between  35  and  670  km  of 
depth.  Up  to  100  km  this  body  displays  an  arcuate  shape  which  mirrors  the  ge¬ 
ological  outlines,  while  it  progressively  straightens  itself  at  depth.  We  speculate 
that  northern  Apennines  arc  formation,  shown  by  paleomagnetism,  closely  fol¬ 
lows  in  time  the  lateral  bending  of  the  subducting  Adriatic  plate.  This  implies 
that  widespread  extension  and  high  thermal  flow  along  the  Tuscan  Tyrrhenian 
margin  is  a  consequence  of  bending  of  subducting  Adriatic  lithosphere  and 
subsequent  larger  amount  of  north-eastward  displacement  in  the  central  part 
of  the  belt  caused  by  trench  suction  forces.  These  new  geophysical  data  from 
the  central  Mediterranean  seem  thus  to  demonstrate  that  the  surface  setting  is 
strongly  controlled  by  deep  processes. 


NUMERICAL  SIMULATION  OF  THE  RECENT/PRESENT  KINEMATIC 
PATTERN  IN  THE  CENTRAL-EASTERN  MEDITERRANEAN  AREA. 

Mantovani  E.,  Viti  M.,  Albarello  D.,  Tamburelli  C.,  Babbucci  D, 

Dept,  of  Earth  Sciences  -  University  of  Siena,  Italy  Mantovani@unisi.it  /  Fax: 
+577-298297 

The  kinematic  pattern  in  the  central-eastern  Mediterranean  region  has  been  tentatively 
reproduced  by  finite  element  modeling,  involving  2-D  elastic  shells  in  a  plane  stress 
approximation.  The  model  is  constinited  by  a  mosaic  of  poorly  deformable  ’’blocks" 
separated  by  much  more  deformable  "decoupling  zones",  representing  consuming 
borders,  extensional  zones  and  transcurrent  discontinuities,  whose  location  and 
geometry  has  been  deduced  by  neotectonic,  morphological  and  seismological 
information,  The  deformation  of  the  model  is  obtained  by  imposing  kinematic 
boundary  conditions  which  simulate  the  presumed  motions  of  Africa  and  eastern 
Anatolia  with  respect  to  Eurasia.  It  is  argued  that  the  limitations  of  the  simplified 
modeling  approach  adopted  should  not  crucially  affect  the  reliability  of  the  results  in 
the  limited  time  interval  considered  (thousands  of  years).  Numerical  computations 
indicate  that  the  boundary  conditions  and  structural-tectonic  setting  adopted  may 
provide  a  good  fit  of  the  observed  strain  regimes,  even  for  the  zones  affected  by 
extensional  tectonics,  in  spite  of  the  overall  compressional  regime  imposed  to  the 
model.  The  calculated  displacement  field  obtained  with  the  modeling  parametrization 
which  allows  a  satisfactory  fit  of  the  observed  strain  regimes  is  compatible  with  the 
available  geodetic  observations  in  Anatolia  and  central  Mediterranean,  but  cannot 
reproduce  the  high  motion  rates  suggested  by  geodetic  data  in  the  central-western 
Hellenic  Arc.  Possible  causes  of  this  discrepancy  are  discussed. 


MEDITERRANEAN  EVOLUTION:  A  SIMPLE  INTERPRETATION  BASED 
ON  THE  MINIMUM  WORK  CONDITION 
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The  apparently  complex  space-time  distribution  of  compressional  and  tensional 
deformations  in  the  central-eastern  Mediterranean  since  the  Middle  Miocene  may  be 
coherently  interpreted  as  a  consequence  of  the  basic  physical  requirement  of 
minimizing  the  total  work  of  horizontal  forces,  induced  by  the  convergence  between 
Africa-Arabia  and  Eurasia,  against  the  forces  resisting  lithosphere  consumption  and 
crustal  shortening.  This  concept,  in  particular,  implies  that  when  the  resisting  forces 
at  a  consuming  boundary  undergoes  a  significant  increase,  due  for  instance  to  the 
arrival  of  continental  crust  at  a  the  trench  zone,  the  system  may  find  it  convenient  to 
stop  the  highly  resisted  consuming  processes  and  activate  other  subduction  zones 
through  lateral  extrusion  of  crustal  wedges.  This  scheme  may  coherently  account  for 
the  drastic  changes  of  tectonic  style  that  occurred  in  the  region  considered  around  the 
Middle  Miocene,  the  late  Miocene  and  the  late  Pliocene-early  Pleistocene. 
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LITHOSPHERE  DYNAMICS  AND  VOID  -  VOLATILE  INTER¬ 
ACTION  IN  THE  EUROPEAN  ALPINE  COLLISION 


TERTIARY  COUNTERCLOCKWISE  ROTATION  OF  ADRIA  AS 
EVIDENCED  BY  NEW  PALEOMAGNETIC  DATA  FROM  ISTRIA 
ANDNWDINARIDS 
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It  is  generally  accepted  that  Adria,  as  an  indenter,  played  key  role  in  the 
tectonic  development  of  the  Central  Mediterranean.  However,  some  define 
it  as  an  African  Promontory,  rigidly  attached  to  the  African  plate,  others  are 
of  the  opinion  that  Adria  is  a  microplate. 

In  order  to  obtain  more  data  relevant  to  this  problem,  a  paleomagnetic  study 
was  undertaken  on  K/T  boundary  trough  Lutetian  rocks,  between  the  Idria 
fault,  recognized  as  the  zone  of  recent  decoupling  (accompanied  by  CCW 
rotation)  of  Adria  and  the  southernmost  promontory  of  Istria  peninsula. 

As  a  result,  the  following  pattern  of  the  paleodeclinations  can  be  seen;  In 
"autochthonous”  Istria  they  are  320-330®,  thus  supporting  the  existence  of 
an  Adriatic  microplate  rotating  counterclockwise  with  respect  to  both  the 
African  and  European  plates,  in  post  mid-Eocene  times.  Rotation  in  the 
same  sense  is  slightly  larger  in  the  fold  belt,  at  the  neck  of  Istria  peninsula. 
Further  to  the  N,  the  declinations  change  to  10-20®.  This  situation  suggests 
that,  the  paraautochthonous  Dinaridic  chain  consists  of  two  parts;  the 
southern  thrust  sheets  must  have  rotated  together  with  the  Adriatic 
microplate,  while  the  northern  ones  in  the  opposite  sense. 
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When  continents  collide  fluids  are  inherited  from  the  previous  oceanic  and  con¬ 
tinental  subduction  processes.  Andesitic  volcanism,  the  most  efficient  transfer 
mechanism  of  subducted  volatiles,  is  shut  off  after  collision.  The  remnant  fluids 
may  find  their  way  to  the  surface,  through  the  deforming  upper  mantle,  or  are 
buffered  in  metasomatic  alteration  products.  In  this  study  the  important  role  of 
volatiles  in  the  continental  collision  process  is  estimated  numerically.  A  ductile 
void  nucleation  and  growth  criterion  is  applied.  For  a  critical  void  volume  ac¬ 
celerated  void  growth  is  allowed  and  the  associated  mechanical  weakening  can 
cause  localized  faulting  ("ductile  fracture").  The  model  considers  3-D  punch  in¬ 
dentation,  where  Italy/Adria  represents  the  punch  and  Europe  the  deformable 
medium.  Volatiles  are  found  to  be  swept  far  inland  into  an  area  where  tensile 
deformation  occurs.  Volatiles  in  the  compressive  field  close  to  the  punch  vanish 
due  to  negative  void  growth.  A  ductile  fault  is  predicted  to  cut  through  the 
European  Plate.  Possible  application  to  the  Rhine,  Bresse,  Limagne  Graben 
system  is  discussed. 


MODEL  ANALYSIS  OF  THE  EVOLUTION  OF  INTRA-PLATE  STRESS  IN 
THE  CENTRAL  MEDITERRANEAN 
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The  region  of  the  Ionian  Sea  and  Adriatic  Sea  plays  a  central  role  (literally)  in  the 
Cenozoic  evolution  of  the  boundary  zone  between  the  African  plate  and  the 
Eurasian  plate.  It  is  through  the  lithosphere  that  underlies  this  region  (the  "African 
promontory")  that  compression  associated  with  the  Affica-Eurasia  convergence  is 
transmitted  to  the  Alps  and  other  parts  of  western  Europe.  Moreover,  the 
subduction  zones  that  flank  the  region  to  the  west  and  east  are  a  key  dynamical 
factor  in  the  tectonics  of  the  Tyrrhenian  Sea-Apennines  and  Aegean  region. 

We  adopt  a  numerical  model  to  investigate  the  temporal  evolution  of  the  intra¬ 
plate  stress  field  of  the  Ionian  and  Adriatic  Sea  and  adjacent  areas.  Stress  fields 
are  computed  for  various  distributions  of  the  acting  forces  and  for  various  points 
in  time  since  the  Early  Oligocene.  Our  objective  is  to  gain  insight  into,  (1)  the 
effect  of  the  change  in  geometry  of  the  promontory  with  lime,  (2)  the  effect  of 
detachment  of  the  slabs  of  subducted  lithosphere  attached  to  the  sides  of  the 
promontory.  We  address  the  consequences  these  factors  have  for  the  stale  of 
stress  in  the  adjacent  land  areas  and  for  the  development  of  subsidence  in  the 
foredeep  of.tjie  Apennines. 


DYNAMIC  MODELLING  OF  CRUSTAL  MOTIONS  AND  SEA- 
LEVEL  CHANGES  RELATED  TO  SUBDUCTION  AND  CON¬ 
VERGENCE  IN  THE  CENTRAL  MEDITERRANEAN 
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Crustal  deformation  in  the  central  Mediterranean  is  modelled  by  means  of 
three-dimensional  finite  element  models  assuming  a  viscoelastic  rheolog}*.  The 
tectonic  mechanisms  under  investigation  are  subduction  of  the  Ionian  litho¬ 
sphere  underneath  the  Calabrian  Arc  and  the  continental  convergence  between 
Eurasia  and  Africa.  Modelling  results  concerning  horizontal  sufare  motions  axe 
compared  with  geodetic  VLBI  and  GPS  observations,  whereas  vertical  motions 
are  compared  with  the  neotectonic  map  of  Italy.  Due  to  the  overthrusting  of 
the  Tyrrhenian  domain  onto  the  Adriatic  one,  the  horizontal  velocity  at  the 
eastern  boundary  of  the  Tyrrhenian  domain  rotates  to  the  East,  in  agreement 
with  geodetic  observations.  The  vertical  motions  are  characterized  by  subsi¬ 
dence  of  the  Tyrrhenian  Sea,  the  Adriatic  and  Ionian  foredeeps,  and  by  uplift 
of  the  Apennines.  Calculated  roll-back  velocities  are  clearly  smaller  than  those 
inferred  from  gelogical  studies.  Two-dimensional  models  built  for  the  geologic 
past  indicate  roll-back  velocities  of  several  centimeters  per  year,  in  agreement 
with  geological  estimates. 


LITHOSPHERE  AND  MANTLE  STRUCTURE  BELOW  THE 
AFRICAN  AND  EURASIAN  PLATES 
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We  present  new  tomographic  images  of  lithosphere  and  mantle  structure  be¬ 
low  the  Eurasian  and  African  plates  obtained  from  global  mantle  tomography 
(see:  Bijwaard,  Spakman,  and  Engdahl,  this  meeting).  In  contrast  to. previous 
global  mantle  models,  the  model  of  Bijwaard  et  al.  possesses  the  small  (50-100 
km)  detail  characteristic  of  the  relatively  high-resolution  regional  tomographic 
models  as  forstance  for  the  Alpine-Mediterranean  region.  We  will  demonstrate 
that,  generally,  a  good  correspondence  is  obtained  between  the  regional  man¬ 
tle  models  and  the  recently  obtained  global  model.  DilTerences  exist  but  can 
largely  be  attributed  to  differences  in  data  quality,  reference  models  used,  and 
differences  in  mantle  sampling.  We  will  review  and  discuss  the  structure  of  the 
upper  mantle  in  the  Alpine-Mediterranean  region  and  shed  light  on  its  rela¬ 
tion  to  the  destruction  of  the  Tethys  ocean.  The  Tethys  ocean  is  imaged  as  an 
assembly  of  elongate,  roughly  NW-SE  oriented  structures,  extending  from  the 
Eastern  Mediterranean  to  SE  Asia  at  depths  between  1000  -  2000  km  in  the 
mantle.  We  will  also  discuss  the  huge  lower  mantle  anomalies  that  are  possibly 
related  to  upwelling  of  hot  material  and  that  can  be  followed  from  the  Iceland 
plume  to  western  Europe,  the  Mediterranean,  northern  Africa  up  to  the  Ca¬ 
nary  islands.  These  upwellings  may  have  fed  the  important  volcanic  complexes 
in  Western  Europe,  such  as  the  Eifel  and  the  Massif  Central. 


PLATE-TECTONICS  OF  THE  CARPATHIAN  ARC 
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New  kinematic  data  from  the  bending  regions  of  the  Carpathian  arc  were  combined 
with  sedimentologica)  and  paleomagnetic  data  to  develop  a  geodynamic  model  for  the 
Neogene  tectonic  evolution  of  the  Carpatho-Pannonian  region.  It  is  characterized  by 
the  independent  rotation  and  translation  of  two  microplates  which  gradually  occupied 
an  oceanic  embayment  in  the  southern  margin  of  the  European  continent.  Driving 
mechanisms  for  the  Miocene  movements  of  these  two  intra-Carpathian  microplates 
were  the  lateral  extrusion  of  the  Eastern  Alps  and  the  NE-  to  E-wardretreat  of  a  steeply 
dipping  subduction  zone  which  also  caused  back-arc  extension  in  the  Pannonian 
Basin.  Steepening  of  the  subduction  zone  started  during  Oligocene  when  continental 
collision  in  the  Alps  occurred  and  slab  break-off  lead  to  a  halving  of  the  width  of  the 
slab.  Thus,  sideways  aslhenospheric  flow  around  the  edges  of  the  slab  reduced  the 
hydrodynamic  suction  between  upper  and  lower  plate,  so  that  the  slab  started  to 
steepen  and  to  roll  back.  Due  to  oblique  convergence,  collision  of  the  microplates 
occured  first  in  the  N  and  subsequently  migrated  towards  the  SE.  Segmentation  of  the 
subducted  slab  enabled  the  detachment  of  parts  of  the  slab  which  were  blocked  by 
continental  collision.  During  the  last  stage,  rollback  direction  changed  from  E-  to 
SE-ward  which  is  also  reflected  in  the  results  of  seismic  tomography  showing  a  deeper 
N-  and  a  shallower  NE-trending  slab.  Finally,  delamination  of  the  lower  lithosphere 
lead  to  the  present  position  of  the  slab. 
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PLATE  TECTONICS  OF  THE  WESTERN  TETHYAN  REGIONS 
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The  Tethyan  reaim  history  recorded  the  opening  and  dosing  of  various 
oceanic  domains,  mainiy  a  Paleozoic  ocean  N  of  the  Cimmerian  contment(s), 
the  Paleotethys,  a  younger  late  Paleozoic-Mesozoic  ocean  located  S  of  this 
continent,  the  Neotethys,  and  finally  a  middle  Jurassic  ocean,  the  Alpine 
Tethys  an  extension  of  the  central  Atlantic,  which  broke  through  the  Pangea 
supercontinent.  In  the  western  Tethyan  regions  additional  oceanic  domains 
complicate  this  picture  somewhat :  ^  .  .u  •  . 

The  East  Mediterranean  ocean,  regarded  here  as  opening  already  in  the  late 
Paleozoic  is  the  western  extension  of  the  Neotethys; 

The  Meliata  and  Karakaya  oceans,  representing  back-arc  basins  of  late 

Permian  age  opened  in  a  still  active  south-east  European  margin: 

The  Vardar  and  Kura-south  Caspian  back-arc  oceans,  related  to  the 
subduction  of  Meliata  and  Neotethys  opened  during  the  Jurassic: 

The  Valais  ocean  opened  between  the  Briangonnais  and  S-France  during 
the  late  Jurassic  when  Iberia  separated  from  America. 

The  Apulia-Adria  microplate  attached  to  the  African  plate  until  early 
Cretaceous,  started  a  westward  displacement  as  a  separate  terrane  which 
implies  the  opening  of  a  Cretaceous  ocean,  the  Arvi-Antalya  ocean  just  north 
of  the  old  east  Mediterranean  basin. 

Reference:  WWW-SST.UNIL.CH 


THE  SURFACE  EFFECTS  OF  SLAB  DETACHMENT: 
GEOLOGICAL  CONSTRAINTS  FROM  APENNINIC 
FOREDEEPS 

M.J.  van  der  Meulen  (1),  J.E.  Meulenkamp  (1,2),  M.J.R.  Wortel  (1),  T.J. 
Kouwenhoven  (2),  A.P.H.  van  den  Berg  van  Saparoea  (1)  and  G.J.  van  der 
Zwaan  (2) 

(1)  Vening  Meinesz  Research  School  of  Geodynamics  (VMSG),  Faculty  of  Earth 
Sciences,  Utrecht  University,  The  Netherlands,  (2)  Institute  for  Paleoenviron- 
ments  and  Paleoclimate  Utrecht  (IPPU),  Faculty  of  Earth  Sciences,  Utrecht 
University,  The  Netherlands. 
mvermeulOearth. ruu.nl/Fax:  [+31]  30-2535030 

From  seismic  tomography  it  can  be  inferred  that  the  subducted  Adriatic  litho¬ 
sphere  has  become  detached  below  most  of  the  Apenninic  arc.  The  analysis 
of  the  spatial  and  temporal  distribution  of  Apenninic  foredeep  depocentres  re¬ 
veals  a  stepwise,  lateral,  southeast-directed  trend  in  the  development  of  the 
Apenninic  foredeeps  from  the  Late  Miocene  onwards.  This  is  interpreted  to  be 
caused  by  the  redistribution  of  slab  pull  forces  associated  with  lateral  migration 
of  slab  detachment. 

Two  areas  have  been  selected  for  further  elaboration.  Paleobathymetrical  anal¬ 
yses  on  the  Upper  Miocene  sequence  of  the  Romagnan  .Apennines  (Northern 
.  Italy)  allowed  for  the  identification  of  a  phase  of  rebound  following  depocentre 
migration.  The  analysis  of  the  Pleistocene  Sant’  Arcangelo  Basin  (Southern 
Italy)  enabled  the  quantification  of  subsidence  as  well  as  uplift  velocities  asso¬ 
ciated  with  depocentre  development  and  subsequent  disruption. 
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THE  TECTONIC  POSITION  AND  STRUCTURE  OF  SINAI 
SUBPLATE,  EASTERN  MEDITERRANEAN 

Livshits,  Yuri  Ya.  (Dept,  of  Geophysics,  Tel  Aviv  University,  Ramat  Aviv 
69978,  Tel  Aviv,  Israel) 

The  Sinai  subplate  is  separated  from  Arabian  plate  on  east  by  the  Dead  Sea  Rift 
Zone,  from  African  plate  on  south  -  by  Red  Sea  Rift  Zone.  The  west  boundary 
with  Eastern  Mediterranean  (Levant)  Basin  is  represented  by  special  historical- 
structural  unit  -  the  Marginal  Fold  Belt.  The  thickness  of  the  sedimentary  cover 
on  Sinai  subplate  increases  to  north  from  1-3  km  on  Sinai  Peninsula  (Egypt) 
to  8  -  9  km  in  Samaria  and  Galilee  (Israel)  and  decreases  to  5  km  further  north 
to  Levanon.  It  is  possible  to  distinguish  on  Sinai  Subplate  three  main  platform 
structural  zones  from  south  to  north): 

1.  The  Sinai  brachisyncline  zone  is  not  very  intensely  dislocated.  This  zone’s 
northern  boundary  is  the  Sinai  -  Negev  shear  zone. 

2.  The  Northern  Negev  machteshim  zone  of  specific  discontinuous  anticlines 
(strike  -  SVV  -  NE,  steeper  eastern  flanks)  with  Triassic  and  Jurassic  outcrops 
in  axial  parts  (Makhtesh  Ramon,  Makhtesh  HaGadol,  Makhtesh  HaQatan). 

3.  The  Central  and  northern  Israel  zone  of  linear  folds  (main  part  of  Israel) 
is  formed  by  series  of  north  -  northeast  linear  asymmetrical  (steeper  western 
flanks)  anticlines  and  synclines,  which  continued  to  north  in  Levanon.  The 
folds  are  cut  by  series  of  normal,  reverse  and  strike  -  slip  faults.  Series  of  west 
-  east  and  northwest  strike  -  slip  faults,  caused  mainly  by  Dead  Sea  Rift  Zone, 
are  especially  important.  The  largest  of  all  the  fault  zones  are  the  Yizre’el 
valley  and  Be’er-Sheva.  Author  suggests  that  Israel  alpian  zone  of  linear  folds 
(Sinai  subplate)  is  not  an  extension  of  Palmyride  fold  belt  (Arabian  plate). 


LONG-TERM  SEISMICITY  PATTERNS  AROUND 
ADRIATIC  REGION 

P.  Albini  *,  A.  Rebez  **,  and  M.  Stucchi  ’ 

•IRRS  CNR  Milano,  Italy  ••  OGS  Trieste,  Italy 

According  to  contrasting  points  of  view,  100  years  may  be 
considered  as  representative  of  the  seismicity  of  a  region  and 
2000  years  may  not.  In  the  middle  between  these  views, 
recent  papers  have  shown  that  some  hundred  years  can  tell 
much.  The  current  way  of  looking  at  seismicity  by  plotting 
the  whole  catalogues  is  not  exhaustive  enough  to 
understand  the  entire  process  related  to  the  seismic  release  of 
a  seismogenic  zone. 

In  this  paper  the  analysis  of  the  seismic  release  is  proposed  by 
making  use  of  space  and  time  plots;  they  help  suggesting 
particular  patterns  in  tectonically  different  seismic  areas  of 
the  Adriatic  region. 
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REGIONAL  SEISMIC  HAZARD  ASSESSMENT  IN  THE 
EUROPEAN-MEDITERRANEAN:  A  GSHAP  REVIEW 

D.  Giardini  (ETH,  Zurich,  Switzerland),  G.  Gruenthal  (GFZ,  Potsdam,  Germany) 
and  the  working  groups  of  projects  CAUCAS  (INTAS  CT94-1644),  IBERO- 
MAGHREB,  SESAME  (IGCP-382),  ADRIA,  RELEMR  (UNESCO/USGS), 
BEECD  (EC  CT94-0479)  and  QSEZ-CIPAR  (CIPA  CT94-0238) 

The  assessment  of  seismic  hazard  in  the  EuroMed  area  has  been  hindered  until  now 
by  die  existence  of  national  boundaries  and  by  the  lack  of  regional  databases,  such 
as  a  common  earthquake  catalogue  widi  unified  magnitude  estimates,  and  a  regional 
model  of  source  seismic  zones.  Since  1992  the  Global  Seismic  Hazard  Assessment 
Program  (GSHAP),  a  UN/IDNDR  demonstration  project  launched  by  ILP,  has 
promoted  the  regional  hazard  assessment  in  different  regions  and  test  areas  around 
the  world,  adopting  a  uniform  seismotectonic  probabilistic  methodology  and 
compiling,  where  possible,  common  regional  databases  In  the  EuroMed  region,  a 
mosaic  of  multi-national  test  areas  have  been  activated,  coordinated  by  the  GSHAP 
regional  centers  in  Potsdam  and  Moscow  and  by  different  projects  and  agencies: 
Northern  Europe,  the  Ibero-Maghreb,  Caucasus,  the  Adriatic  province,  the  Balcans, 
Nordiem  Eurasia,  the  Middle  East.  At  present  die  GFZ  (Potsdam)  is  coordinating 
the  integration  of  the  regional  results,  with  the  addition  of  die  national  maps  for 
Greece  and  Turkey,  in  a  single  map  expressing  the  seismic  hazard  of  the  whole 
Euro-Med  expressed  in  PGA;  a  summary  of  the  regional  results  and  die  preliminary 
regional  map  will  be  presented. 


DETERMINATION  OF  EARTHQUAKE  ENERGY  RELEASE  IN 
THE  EASTERN  MEDITERRANEAN  REGION 
Rami  Hofstetter  and  Avi  Shapira 

Geophysical  Inst,  of  Israel,  PO  Box  2286,  Holon  58122,  Israel. 
ramiOiprg.energy.gov.il/Fax:  [972]  3  550  2925 

We  determined  the  energy  radiated  from  earthquakes  in  the  Eastern  Mediter¬ 
ranean  Region  using  the  short  period  recordings  of  the  Israel  Seismic  Network. 
Our  dataset  includes  125  local  and  regional  earthquakes,  that  occurred  during 
1990  to  1995  at  distances  of  up  to  1500  km,  with  body-wave  magnitude  range 
from  3.0  to  6.2.  The  released  energy  is  calculated  by  executing  an  integration 
of  the  squared  ground-motion  velocity.  An  empirical  attenuation  relation  of  the 
energy  as  a  function  of  the  distance  is  obtained.  We  present  the  relation  be¬ 
tween  the  energy  and  the  seismic  moment  and  estimates  of  the  apparent  stress 
drop. 


THE  MAIN  f  E.^'I  LRES  OF  ACTIVE  TtCTONICS  AND  SEIS.MOTF.CTOMCS  OF 

the(:ai;ca.sis 

S.  Kuloshvili 

Geological  Instinjtc.  Georgian  .Academy  of  Sciences 


MONITORING  THE  REGIONAL  AND  GLOBAL  SEISMICITY  BY 
NATIONAL/REGIONAL  DATA  CENTERS 

Manfred  Baer 

Swiss  Seismological  Service,  ETH  Zurich 
baer@seismo.ifg.eth2.ch 

In  the  European-Mediterranean  region,  a  great  number  of  nation¬ 
al  and  regional  data  centers  monitor  the  seismicity  with  different 
goals:  such  as  exact  hypocenter  location  and  fault  mechanisms, 
rapid  epicenter  and  magnitude  determination  or  just  purely  scien¬ 
tific  purposes. 

This  paper  reviews  the  seismicity  of  Switzerland  of  the  past  25 
years,  addressing  different  aspects  of  data  collection  and  alarm 
procedures,  location  accuracy  and  magnitude  thresholds  ,  as 
well  as  the  exchange  of  data  with  surrounding  countries  for 
events  near  the  border. 


ASSESSMENT  OF  THE  SEISMIC  HAZARD  IN  CYPRUS 

Mustafa  Erdik.  GQiOm  Birgoren,  Nurdan  Apaydyn.YelDim  Alpay 
BoOazigi  Universiry:  Department  of  Earthquake  Engineering.  Ystanbul 
E-mail:  napaydin@boun.edu.tr,  Fax:  +90.216.3080163 


A  probabilistic  earthquake  hazard  analysis  for  Cyprus  is  carried  out  using  GIS  tools 
for  the  treatment  of  data  and  ponrayal  of  results.  A  comparative  study  of  the  neo- 
tectonic  regime  and  a  critical  analysis  of  historical,  eanhquakes  of  the  Eastern 
Mediterranean  Region  obtained  from  different  sources  have  been  made.  For  recent 
earthquakes  Kandilli  Observatory  and  USOS-PDE  Bulletins  are  used.  An  artificial 
homogenisation  scheme  is  used  to  deal  with  the  non-homogenous  character  of  the 
seismicity  data.  For  the  identification  of  seismic  sources,  neo-tectonic  features, 
macro-seismic  locations  of  damaging  historic  earthquakes  and  instrumental 
locations  of  earthquakes  that  occurred  in  the  last  60  years  are  used.  The  following 
source  zones  are  delineated:  Fethiye,  Kyrinea,  Levant.  Paphos  and  Hecataeus  Ridge. 
In  addition  a  background  seismic  zone  was  defined  to  account  for  the  floating 
earthquakes  not  incorporated  in  these  sources.  The  probabilistic  hazard  analysis 
model  used  accounts  for  the  variability  in  the  boundaries  of  these  sources.  The 
results  are  provided  as  contours  maps  of  iso-peak  ground  acceleration  and  iso- 
spectral  acceleration  corresponding  to  different  return  periods.  The  results  are 
compared  with  previous  studies  of  similar  nature.  The  contour  maps,  provided  for 
5%  damped  0.3  and  1.0s  period  iso-pseudo  acceleration  spectral  amplitudes  with  a 
10%  of  probability  of  exceedance  In  50  years,  could  be  used  for  the  rational 
construction  of  the  site-specific  design  basis  response  spectrum. 


SEISMICITY  AND  SEISMOTECTONIC  OF  THE  WESTERN  LIG¬ 
URIAN  SEA:  A  REVIEW 

E.  Eva,  S.  Solarino,  D.  Spallarossa  and  C.  Eva 

Dipartimento  Scienze  della  Terra,  Universita’  di  Genova,  Viale  Benedetto 
XV/5,  16132  Genova,  Italy. 

elenaCdister . unige . it 

In  the  last  decade  the  knowledge  and  quality  of  seismological  and  tectonics  data 
for  the  western  Ligurian  Sea  has  greatly  improved.  This  has  been  achieved  by 
means  of  several  surveys  conducted  both  off  shore  and  on  land  together  with 
high  reliability  seismological  data  collected  from  regional  and  local  networks 
also  equipped  with  high  dynamic  3-C  seismic  stations.  On  the  basis  of  these 
new  constraints,  we  performed  a  broad  seismotectonics  review  using  several 
tools  including  3-D  relocation,  focal  mechanisms  computation  and  determina¬ 
tion  of  stress  orientation.  The  results  give  a  new  picture  of  structural  setting 
for  this  sector  of  the  Ligurian  Sea:  the  seismicity  mainly  affects  the  foot  of  the 
continental  slope  in  correspondence  with  some  crustal  faults.  The  focal  mech¬ 
anism  inversion  indicates  that  whole  Western  Ligurian  continental  margin  is 
subjected  to  a  compressive  stress  component  oriented  NW-SE.  In  the  center 
of  the  Ligurian  Sea  the  seismicity  seems  to  delimit  the  northern  side  of  the 
Corsica  block.  These  two  seismicity  bands  outline  the  existence  of  the  Ligurian 
sphenocasma.  aspects. 


(1)  The  Caucasus  as  a  part  of  the  AIpinc-Mcditcrranean-Mimalfiyan  belt  is  characterised  b> 
tlic  high  level  of  seismic  activity.  That  was  once  more  confirmed  by  such  seismic  events  of 
the  last  decade  as  Spitak,  N.  Armenia  (1988)  and  Racha,  Central  Georgia  (1991).  both  of 
magnitude  about  7.  taking  a  toll  of  thousands  of  lives  and  causing  an  immense  socIkI- 
economic  damage.  (2)  Combined  analysis  of  geological.  paleogeo]ogtc»I  and  paleomagneiic 
data  provides  evidence  that  the  Caucasu.s  consists  of  a  number  of  microplates  sepHrated  from 
one  another  by  large  fault  zones  with  tnccs  of  significant  Niih  horizontal  and  vertical 
displacements.  These  zones  rcpre.scnt  belts  of  maximum  gcodynamic  activity  where 
processes  of  folding,  faulting,  volcanism  and  orogeny  are  manifested  most  intensively.  These 
bells  also  saw  the  release  of  a  considerable  amount  of  .sei.smic  energy.  (3)  Distribution  of 
cartitquakes  in  ihe  Caucasus  reveals  tlieir  close  links  with  mentioned  boundary  zones.  Hires 
roain  trends  of  seismic  zones  may  be  distinguished:  longitudinal,  NW-SE  or  W-E,  and  two 
transversal  •  iNE-SW  and  NKW-SSE.  Tite  first  is  represented  by  thrust  and  reverse  faults, 
while  the  last  two  always  show  more  or  less  considerable  strike-slip  component.  Focal 
mechanisms  of  the  majority  of  earthquakes  arc  in  good  accordance  witli  surface  tectonics 
confirming  the  genetic  closeness  between  faults  and  scismisity.  (4)  Deuiled  analysis  of  such 
important  parameter.'?  of  .seismisily  as  spatial  distribution  of  earthquakes,  their  focal  depth, 
aftershock  activity,  focal  mechanisms  and  some  others,  along  with  geological  data,  have 
pemtltted  judgements  of  the  straincd-deformational  state  of  the  region  and  of  the  nature  of  the 
displacement  of  constituting  plates  the  direct  result  of  which  is  scismisity. 
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RECENT/PRESENT  TECTONIC  PROCESSES  IN  THE  ITALIAN  REGION 
AND  THEIR  RELATION  WITH  SEISMIC  AND  VOLCANIC  ACTIVITY 

Mantovani  E.,  Albarello  D.  Babbucci  D.,  Tamburelli  C. 

Dept,  of  Earth  Sciences,  University  of  Siena,  Italy. 

Mantovani@unisi.it  /  Fax:  +577-298297 

The  attempt  at  explaining  in  a  physically  plausible  and  coherent  way  the  major 
post-middle  Miocene  deformation  events  in  the  central-eastern  Mediterranean  area  led 
us  to  advance  an  hypothesis  about  the  driving  mechanism  and  geodynamic  processes 
which  have  controlled  the  tectonic  activity  in  this  region  (Mantovani  et  al.,  1997).  The 
implications  of  the  proposed  evolutionary  trend  on  the  present  deformation  pattern  are 
compared  with  major  evidence  about  the  strain/stress  field  in  the  Italian  region.  A 
discussion  is  reported  about  the  constraining  power  of  the  available  strain/stress 
indicators  in  the  study  area.  It  is  then  argued  that  the  location  and  timing  of  the  major 
Plio-Quatemary  magmatic  episodes  in  the  Tyrrhenian-Apennines  system  have  been 
mainly  controlled  by  the  occurrence  of  tensional  regimes  in  the  crust,  in  response  to 
oroclinal  bending  and  lateral  escape  of  crustal  wedges. 


LOW-MAGNITUDE  EARTHQUAKES  OF  ROME;  STRUCTURAL 
INTERPRETATION  AND  POSSIBLE  SEISMOTECTONIC  IMPLICATIONS 

F.  Marra  (1) 

(1)  1st.  Naz.  di  Geofisica,  V.  di  Vigna  Murata  605  ,  00143  Rome,  Italy 
marra@ing750.ingrm.it 

Apart  from  the  seismogenic  area  of  Colli  Albani  Volcanic  District,  the 
first  instrumental  records  for  the  area  of  Rome  are  related  to  two 
Md=3.7  earthquakes  occurred  on  June  12,  1995,  and  November  3,  1997. 
A  common  NE  orientation  of  the  T  axes  from  focal  mechanisms  for 
these  earthquakes  supports  a  regional  interpretation  for  the  present- 
day  stress-field  previously  observed  in  the  Colli  Albani  area, 
characterised  by  a  NE-striking  <j3.  The  structural  study  has  shown 
evidence  of  Middle  Pleistocene  right  lateral  N-S  faulting,  implying  a 
NW-striking  o3.  Since  normal  faulting  linked  with  NE-SW  extensional 
regime  controlled  the  Plio-Pleistocene  evolution  of  the  studied  area,  it 
is  likely  that  a  combination  of  different  tectonic  styles  during  the  last 
1  myr  should  be  taken  into  account.  The  observed  right-lateral 
displacements  is  here  interpreted  as  a  kinematic  surface  expression  of 
a  major  N-S  striking  crustal  discontinuity,  corresponding  to  the 
southern  boundary  of  the  Northern  Apennines.  The  origin  and  the 
rejuvenation  of  the  N-S  strike-slip  faults  is  interpreted  as  generated 
by  the  north-east  escape  of  the  Northern  Apennine  arc  with  respect  to 
the  Central  Apennine. 


SIMULTANEOUS  INVERSION  FOR  VELOCITY  STRUCTURE 
AND  HYPOCENTERS  IN  SLOVENIA 
A.  Michelini  (1),  M.  Zivcic  (2)  and  P.  Suhadolc  (3) 

(1)  Osservatorio  Geofisico  Sperimentale,  P.  0.  Box  2011,  1-34016,  Trieste, 

(2)  Geophysical  Survey  of  Slovenia,  Observatory,  Pot  na  Golovec  25,  SI- 1000 
Ljubljana,  Slovenia,  (3)  Dipartimento  di  Scienze  della  Terra,  Universita  degli 
Studi  di  Trieste,  Via  E.  W'eiss,  1, 1-34127  Trieste,  Italy. 

BicheliniCogs . trieste . it 

We  use  nearly  2100  P-wave  arrival  times  from  166  local  earthquakes  to  inves¬ 
tigate  the  3-D  compressional  velocity  structure  of  the  upper  crust  of  Slovenia 
using  a  simultaneous  inversion  algorithm  which  adopts  cubic  B-splines  basis 
functions  for  the  model  parameterization  [Michelini  and  McEvitly.  1991].  Re¬ 
markable  and  stable  features  of  the  resolved  model  are  the  relatively  high  ve¬ 
locities  in  western  Slovenia  and  the  low  velocities  in  central  Slovenia,  SE  of  the 
Ljubljana  basin.  The  boundary  between  these  two  anomalies  follows  approx¬ 
imately  the  NNW-SSE  direction  that  coincides  with  the  general  strike  of  the 
External  Dinarides.  We  interpret  this  feature  as  the  upper  crustal  expression 
caused  by  the  tectonic  processes  occurring  along  the  active  margin  of  the  Adria 
promontory/microplate. 
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J.  Papoulli  (National  Cantor  for  Macine  Sesearch. 
1$€34  Atrisca,  Ozeeca,  fax;  301  -  983309$) 

la  areas  with  Long  dooucented  aelawic  history 
Baerosaianic  iatonsity,  despite  all  ita 
doCiciences,  and  although  it  describes  ground 
mocLon  on  a  very  coarse  scale,  is  still  the  most 
aRpropriete  pazemecez  for  seismic  hatard 
assessnant .  In  the  present  study,  the  seismic 
hazazd  in  e  nunhec  of  urban  centers  of  different 
aelsmotectonlc  characteristics  and  eelsiiLloity 
rates,  in  the  area  of  Greece,  is  estimated,  on  the 
baeis  of  observed  macroseismic  intensities.  Local 
catalogues  constructed  for  each  case  are  used  tc 
obtain  reliable  attenuation  relationships  vhlch  are 
incozporebed  in  the  seismic  hazard  model.  The 
resulte  of  the  analysis  are  verified,  with  real 
values  from  strong  earthq'aakes  occurred  in  these 
regions. 


A  DETAILED  ANALYSIS  OF  THE  FEBRUARY  1996  AFTERSHOCK 
SEQUENCE  IN  EASTERN  PYRENEES,  FRANCE 

HcIcnc  Pmichel  m.  Alexis  Rigo  ( I ),  Luis  Rivera  (2)  and  Annie  Souriau  ( 1 ) 

(1)  CNRS  UMR  5562,  14  Ave.  E.  Belin,  31400  Toulou.se.  France 

(2)  EOPG.  5  rue  Rene  Descartes,  67084  Strasbourg,  France 
Helcnc.Pauchct@enes.fr 

After  the  February  18,1996,  Ml=5.2  earthquake  located  inside  the  Agly  massif, 
eastern  Pyrenees,  France,  a  temporary  network  of  26  stations  was  installed  on  the 
epicentre  area.  A  detailed  analysis  of  the  aftershock  sequence  recorded  during  5 
days  following  the  main  shock  allows  to  identify  unambiguously  the  preexisting 
fault  segments  in  the  Agly  massif  which  were  involved  in  the  main  shock  rupture. 
The  focal  mechanisms  of  the  aftershocks  exhibit  a  great  variety  of  solutions,  but  the 
average  orientation  of  the  T-axes  determined  from  all  these  events  has  a  clear  E-W 
subhorizontal  orientation.  On  the  other  hand,  we  determined  the  fault  plane  solution 
and  the  principal  axes  of  stress  using  the  global  inversion  developed  by  Rivera  and 
Cisternas  (1990)  with  the  15  best  recorded  aftershocks.  Wc  obtained  a  shear  rupture 
tectonic  context  under  N-S  subhorizontal  compression  and  E-W  subhorizontal 
extension.  These  principal  axes  of  stress,  which  are  compatible  with  at  least  75%  of 
the  aftershock  fault  plane  solutions  of  the  whole  crisis,  are  compared  with  the  local 
regional  stress  before  the  main  shock.  In  order  to  integrate  the  aftershock 
distribution  and  the  mechanism  diversity,  we  propose  a  model  for  the  rupture 
mechanism  of  the  main  shock.  We  calculated  the  post-earthquake  stress  field  caused 
by  a  senestral  strike-slip  on  two  vertical  fault  planes.  Most  aftershocks  concentrate 
where  shear  stress  increased  by  more  than  0.3  MPa  . 


LESSONS  FROM  THE  PAST:  SEISMOGENESIS  AND  HAZARD 
IN  CENTRAL  ITALY 

L.  Peruzza  (1),  M.  Stucchi  (2)  and  R.  Camassi  (3) 

(1)  GNDT  UR  OGS,  1-34016  Trieste,  Italy,  (2)  CNR  IRRS,  1-20133  Milano, 
Italy,  (3)  GNDT  UR  DISTART,  1-40136  Bologna,  Italy. 

IperuzzaCogs . trieste . it 

The  earthquake  sequence  in  Central  Italy  started  in  September  1997,  lead  to 
the  re-analysis  of  the  available  knowledge  for  that  area.  In  particular,  the  seis¬ 
micity  of  the  past  teaches  that  the  actual  one  is  not  anomalous  as  believed.  We 
analysed  the  seismic  histories  of  the  main  localities  of  that  area:  than  we  com¬ 
pared  the  traditional  seismic  hazard  assessment  with  a  simplified  evaluation 
linked  to  the  historical  observations.  The  estimate  of  the  mean  return  period 
expected  for  the  different  shakings  is  finally  related  with  the  time  elapsed  from 
the  last  event. 
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A  NEW  CATALOGUE  OF  DIGITIZED  HISTORICAL 
SEISMOGRAMS  FOR  IBERIAN  EARTHQUAKES 


F,.  Samardiieva  (1),  J.  Badal  (2),  G.  Payo  (3) 

(1)  Geophysical  Institute,  B.A.S.,  Sofia,  (2)  National  Geographical 
Institute,  Madrid,  (3)  Geophysical  Observatory  of  Toledo,  IGN 
elena@geo.ign.es  / Fax: +34  25  -  221261 

The  bulletins  and  seismograms  accumulated  since  the  beginning  of 
instrumental  registration  in  the  Geophysical  Observatory  of  Toledo 
(Spain)  up  to  the  time  of  installation  of  WWSSN  station  (1912-1962) 
have  been  revised.  A  total  of  244  regional  earthquakes  recorded  by 
the  Wiechert  seismograph  were  collected,  digitally  recovered  and 
properly  processed.  The  final  results  of  the  geometrically  corrected 
records  and  the  time  variations  of  the  ground  displacement  for  each 
seismographic  component,  as  well  as  the  main  principles  of  the 
digital  recuperation  and  treatment,  are  presented  in  a  Catalogue  of 
Historical  Seismograms.  This  new  digital  database  was  used  for 
creation  of  a  unified  magnitude  system  for  classification  of  the 
historical  earthquakes  in  the  region  of  Iberian  Peninsula.  The  existent 
earthquake  catalogue  was  revised  and  magnitude  corrections  were 
suggested. 


DIFFERENT-ASPECTS  AND  CONSIDERATIONS  ON  SEISMIC 
HAZARD  IN  THE  ADRIATIC  REGION 


D.  Slefko  *.  L.  Peruzza 
*  OGS  Trieste,  Itaiy 


*  and  A.  Rebez  * 

**  GNDT-OGS  Trieste,  Italy 


MOMENT  TENSORS  AND  SEISMOTECTONICS  OF  THE 

MEDITERRANEAN  REGION 

S.  Pondrelli  (1),  A.  Morelli  (1)  and  G.  Ekstrom  (2) 

(1)  Istituto  Nazionale  di  Geofisica,  Rome,  Italy,  (2)  Department  of  Earth  and 
Planetary  Sciences,  Harvard  University,  Cambridge,  U.S.A.). 
pondrelli0ing750.ingnn.i't/Fax:  [39]  6  5041181 

Seismic  activity  provides  significant  data  to  understand  the  kinematics  of  inter¬ 
acting  plates.  Focal  mechanisms  can  furnish  clear  indications  of  the  characters 
of  crustal  deformation.  We  will  present  inferences  on  tectonic  processes  based 
on  the  analysis  of  focal  mechanisms  of  earthquakes  of  the  Mediterranean  re¬ 
gion.  Our  database  consists  of  the  Harvard  CMT  Catalog  (e.g.,  Dziewonski  et. 
al.,  1981)  and  from  other  source  moment  tensors  of  smaller  and  older  earth¬ 
quakes  computed  with  the  extension  of  the  standard  CMT  algorithm  proposed 
by  Arvidsson  and  Ekstrom  (1997).  Inclusion  of  smaller-magnitude  events  con¬ 
tribute  to  a  better  understanding  of  local  tectonic  structures  and  their  involve¬ 
ment  in  seismic  sequences.  Analysis  of  analog  WWSSN  seismograms  can  also 
increase  the  time  period  that  can  be  considered.  The  robustness  of  centroid 
moment  tensors  is  confirmed  by  the  analysis  of  the  extended  dataset. 


RECONSTRUCTION  OF  THE  MAXIMUM  ACCELERATIONS  DUE 
TO  THE  MAIN  SHOCKS  OF  1904  SEISMIC  EVENTS  IN  KRESNA 
ZONE 

B.  RnnguelovT  I.  Paskaleva 

Geophysical  Institute,  Bulgarian  Academy  of  Sciences,  Sofia  1 1 13 
bkr(5'geophys.acad.bg/Fax:  +359-2-700226 

Using  data  for  the  observed  macroseismic  intensities  the  attenuation  lows 
have  been  derived.  The  both  events  occurred  on  4-th  April  1904  in 
10h02min  (M=7.2)  and  10h23min  GMT  (M=7.8)  created  maximum 
observed  intensities  of  IX  and  X  degree  MSK  respectively.  The  McGuire 
procedure  for  maximum  accelerations  mapping  has  been  applied.  The  soil 
conditions  have  been  derived  in  the  three  main  categories  due  to  the 
surface  geological  and  tectonic  conditions.  The  surface  ruptures  created  by 
the  earthquakes  have  not  been  taken  into  consideration.  The  integrated 
picture  of  the  modeled  surface  distribution  of  the  maximum  accelerations 
have  been  compared  with  the  descriptions  of  the  macroseismic  data 
observed  on  different  sites.  The  results  show  relatively  good  coincidence 
between  the  modeled  and  the  obseived  destructions  for  the  highest 
intensities  and  between  the  modeled  and  described  feelings  and  effects  for 
the  lower  ones.  The  applied  approach  must  be  checked  and  compare  with 
the  different  approaches  performed  by  the  participants  in  the  ASPELEA 
Project  with  EU,  to  establish  the  sensitivity  of  the  different  approaches. 


KRESNA  SEISMIC  ZONE  -  A  TEST  SITE  FOR  NEW  COMPARATIVE 
APPROACHES 

B.  Ranguelov 

Geophysical  Institute,  Bulgarian  Academy  of  Sciences,  Sofia  1 1 13 
bkr@geophys.acad.bg/Fax:  +359-2-700226 

It  is  well  known  that  in  1904  in  Kresna  zone,  located  now  over  the  border 
zones  of  Bulgaria,  Greece  and  Macedonia,  two  strong  shocks  occurred  on 
April  4th.  They  were  divided  by  a  time  interval  of  20  min.  and  have  the 
estimated  macroseismic  magnitudes  of  7.2  and  7.8  respectively.  Due  to  this 
fact,  the  second,  stronger  shock  seems  to  be  the  strongest  earthquake  in  the 
continental  part  of  Europe  during  the  last  two  centuries.  As  a  result  of  very 
complete  and  nice  macroseismic  descriptions  published  in  Bulgaria  by  S. 
Vatsov,  a  large  amount  of  data  is  available  now  for  different  comparative 
studies.  For  the  purposes  of  ASPELEA  Project  with  EU  a  veiy  large 
catalogue  of  data  has  been  compiled  as  well  as  a  set  of  tens  of 
macroseismic  maps.  In  addition  the  large  set  of  maps  for  other  geophysical 
fields  as  well  geodetic  and  fields  observations  data  will  be  supplied.  These 
data  will  be  processed  by  the  different  participants  in  the  project,  using 
different  approaches  and  techniques,  as  well  as  the  data  from  other  test 
sites,  to  compare  the  sensitivity  of  the  different  approaches  for  seismic 
potential  assessment  of  large  seismic  areas  in  Europe.  The  results  obtained 
will  be  useful  for  the  scientific  community  as  well  as  for  the  local 
authorities  for  the  prevention  and  restoration  works  in  furure. 


Countries  surrounding  the  Adriatic  sea  are  highly  exposed  to  seismic  risk. 
Due  to  its  seismological  interest,  and  to  the  transfrontier  character,  the  Adria 
region  has  been  selected  as  a  test  area  in  the  frame  of  the  GSHAP  (Global 
Seismic  Hazard  Assessment  Project)  activities;  and  the  probabilistic  seismic 
hazard  evaluation  in  term  of  peak  ground  acceleration  (PGA)  has  been 
performed. 

The  probabilistic  assessment  benefits  of  three  favourable  factors: 
a)  the  joint  kinematic  modelling  of  the  seismogenic  sources  in  Italy  and 
Balkans;  b)  the  compilation  of  an  hazard  oriented  European  catalogue 
(prepared  in  the  frame  of  the  EC  Project  "A  Basic  European  Earthquake 
Catalogue  and  Database"  );  c)  the  experience  matured  in  Italy  with  the 
compilation  of  the  new  hazard  maps  according  to  ECS  for  the  revision  of  the 
seismic  zonation. 

Seismic  hazard  in  terms  of  spectral  amplitude  at  two  different  periods  (0.2 
and  1  sec)  has  been  evaluated  for  the  Adriatic  region,  and  the  uniform 
hazard  spectra  for  some  sites  of  interest  have  been  computed.  In  this  way 
the  contribution  of  the  characteristic  seismicity  of  close  and  far  sources 
remains  pointed  out 


A  new  seismicity  map  covering  the  whole  Pyrenean  range  has  been  obtained  from  a 
compilation  and  reprocessing  of  published  P  and  S  arrival  times.  The  data  come 
from  8  bulletins  produced  by  the  various  French  an  Spanish  institutions  in  charge  of 
the  seismic  survey  of  the  range.  The  map  concerns  the  last  9  years  starting  1989, 
when  die  range  has  been  homogeneously  instrumented.  Hypocenters  have  been 
determined  for  about  400  events  per  year.  A  particular  attention  has  been  paid  to  the 
evaluation  of  the  quality  of  the  locations  and  depth  determinations.  Magnitudes  have 
been  re-evaluated.  The  comparison  with  previous  maps  reveals  significant 
improvements  in  both  the  quality  of  locations  (generally  better  than  3  km  in  both 
horizontal  and  vertical  positions)  and  the  threshold  of  detection  (Ml-2.0).  This  new 
map  reveals  that  the  North  Pyrenean  fault,  which  is  considered  as  the  plate  boundary 
between  Iberia  and  Eurasia,  is  active  only  in  its  western  part.  In  die  central  and 
eastern  parts,  the  seismicity  involves  other  tectonic  units  such  as  the  Maladeta  and 
Canigou  granitic  massifs,  the  North  Pyrenean  Frontal  Thrust,  the  Tet  fault  and  the 
volcanic  units  in  Catalotua.  A  period  of  recurrence  of  150  ±  40  years  for  a 
magnitude  6  event  is  deduced  from  the  Gutenberg  and  Richter  relationship,  it  is 
consistent  with  the  records  of  historical  seismicity.  This  new  map  appears  as  a 
valuable  tool  for  future  tectonic  studies. 


A  NEW,  ACCURATE  MAP  OF  THE  PYRENEAN  SEISMICITY  AND  ITS 
TECTONIC  IMPLICATIONS 

A.  Souriau,  H.  Pauchet,  and  M.  Sylvander 
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QUANTITATIVE  SEISMIC  ZONING  IN  THE  MEDITER¬ 
RANEAN  AREA 

Vaccari  F.  (1,2),  Aoudia  A.  (1),  Bus  Z.  (3),  Markusic  S.  (4),  Orozova  I.  (1), 
Radulian  M.  (5),  Zivcic  M.  (6)  and  Panza  G.F.  (1,7) 

(1)  Dipartimento  di  Scienze  della  Terra,  University  of  Trieste,  via  W’eiss,  1, 
Trieste,  Italy,  (2)  CNR-GNDT,  via  Nizza,  128,  Roma,  Italy,  (3)  Seismological 
Observatory,  Hungarian  Academy  of  Sciences,  Budapest,  Hungary,  (4)  Univer¬ 
sity  of  Zagreb,  Geophysical  Institute,  Zagreb,  Croatia,  (5)  National  Institute 
for  Earth  Physics,  Bucharest,  Romania,  (6)  Geophysical  Survey  of  Slovenia, 
Ljubljana,  Slovenia,  (7)  The  Abdus  Salam  International  Centre  of  Theoretical 
Physiscs,  SAND  Group,  Trieste,  Italy. 

We  show  the  joint  results  of  the  deterministic  seismic  hazard  assessment  ob¬ 
tained  in  the  framework  of  a  large  international  cooperation  (supported  by 
EU-INCO  COPERNICUS,  NATO  and  UNESCO-IGCP).  Countries  involved 
are:  Algeria,  Bulgaria,  Croatia,  Hungary,  Italy,  Romania  and  Slovenia.  Char¬ 
acteristic  parameters  of  seismogenic  zones  and  regional  structural  models  have 
been  assembled  and  synthetic  seismograms  have  been  computed  for  a  dense 
grid  of  sites  covering  the  whole  territory.  Particular  attention  has  been  paid, 
in  order  to  obtain  a  homogeneous  definition  of  the  input  data  across  political 
boundaries.  This  is  a  crucial  point  in  order  to  produce  coherent  hazard  maps 
for  large  regions  with  many  countries.  Results  are  shown  in  terms  of  ma.\imum 
displacement,  velocities  and  Design  Ground  Acceleration. 


EGS2  Geophysical  and  geological  signatures  of 
past  and  present  climate  change 

Convener:  Premoli-Silva,  I. 

Co-Conveners:  Herbert,  T.D.;  Maley,  J. 


PRIMARY  PRODUCTION  DYNAMICS  IN  THE  EQUATORIAL 
INDIAN  OCEAN  :  SOUTHERN  OSCILLATION  AND/OR  MON¬ 
SOON  ORIGINS 

L.  Beaufort  (1),  Y.  Lancelot  (2),  P.  Camberlin  (3),  O.  Cayre  (I),  E.  Vincent  (2), 
F.  Bassinot  (4),  L.  Labeyrie  (4)  and  L.  Beaufort  (1) 
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Analysis  of  continuous  sedimentary  records  taken  in  the  Maldives  and  the  So¬ 
malian  areas  indicate  that  strong  primary  production  (PP)  fluctuations  have 
occured  in  the  equatorial  Indian  Ocean  during  the  last  glacial  cycles.  The  PP 
record  from  the  Maldives  which  is  910  kyr  long,  is  coherent  and  in  phase  with 
the  February  equatorial  insolation,  whereas  it  shows  diverse  phase  behavior 
with  5180,  depending  on  the  orbital  frequency  examined.  These  observations 
imply  a  direct  control  of  PP  in  the  equatorial  oceanic  system  by  insolation. 
Maldives  PP  variations  are  in  opposite  phase  with  summer  monsoon  variabil¬ 
ity  and  are  due  to  the  dynamics  of  the  Indian  Equatorial  Westerlies,  which 
are  in  turn  dependant  on  the  Southern  Oscillation.  The  two  PP  records  from 
the  Somalian  area  present  a  complex  signature  which  is  alternatively  in  phase 
with  the  Maldives  record  and  with  the  summer  monsoon.  These  findings  have 
implications  on  (1)  the  regional  climatic  responses  to  Southern  Oscillation  and 
Monsoon  (2)  the  independence  of  the  tropical  climates  from  high  latitudes  (3) 
the  existence  of  100-kyr  not  related  to  ice  volume  variations. 


SEISMIC  STRAIN  RATE  ESTIMATES  IN  THE  CENTRAL  -  EASTERN 
MEDITERRANEAN  REGION:  A  RELIABILITY  ANALYSIS 

Viti  M.,  Albarello  D.  and  Mantovani  E. 

Dept .  of  Earth  Sciences,  University  of  Siena,  Italy. 

Mantovani@unisi.it  /  Fax:  +577-298297 

Deformation  accomModated  by  seismic  faulting  can  be  used  to  constrain  active 
tectonics  in  the  central-eastern  Mediterranean  area.  To  this  puqjose,  fault  plane 
solutions  available  in  the  relevant  literature  have  been  analyzed.  A  preliminar 
zonation  of  the  area  has  been  performed  on  the  basis  of  geological  and  geophysical 
considerations  in  order  to  identify  those  areas  characterized  by  nearly  uniform 
expected  strain  field.  Then,  for  each  area,  strain  rate  tensors  have  been  computed  as 
the  sum  of  seismic  moment  tensors  associated  to  each  earthquake  (Kostrov's 
approach).  Scale  invariance  and  confidence  intervals  associated  to  principal  strain 
directions  have  been  tentatively  estimated.  Since  the  parent  probability  distributions 
of  experimental  uncertainties  which  affect  fault  plane  solutions  are  poorly  known, 
confidence  intervals  have  been  computed  by  following  a  distribution-free  approach 
based  on  a  numerical  resampling  procedure  (Bootstrap).  In  this  way,  the  preliminar 
zonation  have  been  revised  and  those  areas  where  a  reliable  strain  rate  estimate  is 
acually  possible  have  been  selected. 


LAST  MILLENNIUM  CLIMATE  HISTORY  INFERRED  FROM 
BOREHOLE  TEMPERATURE  PROFILES:  REGIONAL 
PATTERNS  OF  CLIMATIC  CHANGES  IN  THE  CZECH 
REPUBLIC 

L.Bodri  (1)  and  V.Cermak  12) 

(1)  Geophys.Res. Group,  Hung.Acad.Sci.,  do  Eotvos  Univ.,  Budapest 

(2)  Geophys.Inst.,  Czech  Acad.Sci.,  Praha 
<cermak(§ig.cas.cz>/Fax:  +420-2-7176-1S49 

Borehole  temperature  logs  after  their  inversion  may  be  certain  indica¬ 
tors  of  the  ground  surface  temperature  (GST)  variations  associated  with 
the  climate  changes  in  the  past.  Ninety  eight  such  GST  histories  de¬ 
scribed  by  authors  in  their  previous  works  were  used  in  an  attempt  to 
assess  the  regional  patterns  of  the  climate  changes  in  several  selected 
periods:  1100-1300  A.D.  (Little  Climatic  Optimum),  1400-1500  A.D. 
and  1600-1700  A.D.  (Little  Ice  Age),  completed  by  "mapping"  of  the 
recent  climate  warming  since  1960.  Comparison  of  the  obtained  results 
with  the  meteorological  observations  and  proxy  climatic  reconstructions 
confirms  the  general  applicability  of  the  "geothermal"  paleoclimatic  re¬ 
constructions  even  for  the  regional  studies. 


CO.MPARISSON  OF  GEOTHERMAL  GROLT4D  SURFACE  TEMPERATURE 
HISTORY  WITH  INSTRUMENTAL  AIR  TEMPERATURE  SERIES  IN 
M.AINLAND  PORTUGAL 

A.Correia  (1)  and  J.Safanda  (2) 

(I)  Department  of  Physics,  University  of  Evora,  (2)  Department  of  Geothermics, 
Geophysical  Institute  Praha,  correia@evunix.uevora.pt/Fax:+351  66  744546 

The  ground  surface  temperature  histories  were  reconstructed  from  20  borehole 
temperature  logs  measured  in  mainland  Portugal.  We  used  the  functional  space 
inversion  method,  which  employs  the  theory  of  heat  conduction  in  a  laterally 
homogeneous  Earth  and  incoqjorates  a  priori  information  to  stabilize  and  uniquely 
determine  the  solution.  The  topography  in  boreholes'  surroundings  is  subdued  and  the 
logs  do  not  indicate  water  disturbance.  To  avoid  the  reconstruction  of  spurious  ground 
surface  temperature  variations  from  non-climatic  features  of  the  inverted  profiles,  we 
carried  out  the  inversions  for  two  different  sets  of  a  priori  model  standard  deviations. 
Beside  the  standard  deviations  0.5  W/m.K  for  the  thermal  conductivity  and  0.04K  for 
the  measured  temperature,  which  represent  the  typical  degree  of  uncertainty  in  these 
data,  we  also  used  values  2  W/m.K  and  0. 1  K,  respectively.  These  higher  values 
prevent  inverting  noise  as  a  climatic  signal  by  absorbing  it  in  a  posteriori  conductivity 
and  temperature  profiles.  Most  of  tbe  inversions  reveal  warming  in  the  last  100-150 
years,  which  is  consistent  with  meteorological  observations.  Some  of  the  reconstructed 
histories  show  a  slight  cooling  in  the  second  half  of  this  century.  Similar  cooling  can 
be  observed  in  the  air  temperature  record  from  Lisbon. 
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SUBSURFACE  TEMPERATURE  SIGNALS  IN  MOUNTAIN  AREA 


T.  Kohl 
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Recently,  the  evaluation  of  thermal  effects  at  shallower  and  deeper 
underground  aims  at  identifying  former  structural  or  climatic  situations. 
Temperature  is  thus  treated  more  and  more  as  archive  which  contains 
information  on  the  past.  For  the  analysing  archives  of  the  past  -10“  years 
the  inversion  of  temperature  logs  provides  strong  hints  to  a  change  in 
ground  surface  temperature  and  thus  to  the  palacoclimalic  conditions  in. 
the  considered  period.  Impacts  of  such  analysis  encountered  in  mountain 
area  will  be  investigated.  The  numerical  calculations  by  the  finite  element 
method  takes  into  account  complex  topography,  fluid  advection  as  well  as 
uplift  and  erosion.  The  results  highlight  especially  that  even  complex 
topography  combined  with  fluid  advection  will  not  extinguish  the 
palaeoclimatic  temperanire  signal.  Strategies  are  presented  which  allow  to 
extract  information  even  from  strongly  perturbed  temperature  logs.  In 
contrast,  the  temperature  information  extracted  from  fluid  inclusion  data 
is  strongly  perturbed  by  advection  of  masses  (uplift  and  erosion).  We  will 
illustiate  these  effects  on  examples  which  arc  charactcristical  for 
moderate  and  high  topographies.  The  temperature  signals  at  the  well 
investigated  area  of  the  KTB  borehole  offering  the  unique  possibility  to 
combine  information  from  different  geoscientific  fields  and  also  the 
possible  extreme  conditions  of  an  Alpine  -  type  mountain  belt  which  may 
strongly  perturb  thermal  field  will  best  illustrate  impacts  on  the 
palaeoclimatic  temperanire  signals  in  subsurface. 


NEW  OCEANOGRAPHIC  DATA  AND  HEAT  FLOW  MEASUREMENTS  IN  THE 
SEDIMENT  KEEP  TRACK  OF  THE  ACTUAL  CLIMATE  CHANGE  IN  THE 
EASTERN  MEDITERRANEAN 

R  Della  Vertnva^’.  G.  Pellis'”,  M.  Rebesco  ®  P.  Scarazzato  C.  Coiselli®,  A. 
Camerlenghi  and  the  Urania  19/97  Cniise  Party 

(1)  Dip.  di  Ingegneria  Navale,  del  Mare  e  per  rAinbiente,  University  di  Trieste, 

Italy;  e-mail:  bruno@min730.univ.trleste.it 

(2)  Osservatorio  Geofisico  Sperimentale  di  Trieste,  Italy 

(3)  Dip.  di  Scienze  della  Terra,  Universiiy  di  Milano,  Italy 

During  the  fust  cruise  of  the  SINAPSI  Project  (Seasonal  INteraimual  and  decAdal 
variability  of  the  atmosPhere,  oceanS  and  related  marine  ecosystems)  onboard  R/V 
Urania  (Nov.-Dee.  1997),  twelve  CHD  profiles  in  the  water  column  and  5 1  new 
conventional  heat  flow  density  measurements  in  the  sediment  were  carried  out  in  the 
Ionian  Sea,  along  a  600  km  long  corridor  at  about  36°  N,  from  the  Malta 
Escarpment,  to  the  west,  to  the  Matapan  Trench,  to  the  east.  The  main  target  was  to 
track  the  recent  outflow  of  warm  and  dense  deep  waters  propagating  westwanls  from 
the  Aegean  Sea,  and  the  associated  sediment  warming  discovered  in  September  1993 
during  tte  15/93  Urania  cruise.  The  new  observations  in  the  Matapan  trench  near¬ 
source  area  showed  a  persistent  positive  temperature  anomaly  at  the  seafloor, 
exceptionally  well  documented  in  the  sediment  thermal  history.  The  propagation  of 
warm  and  dense  Aegean  waters  could  be  met  again  up  to  the  crest  of  the 
Mediterranean  ridge  (about  200  km  to  the  west),  which  seems  to  behave  as  an 
effective  water  divider  for  the  deep  circulation.  The  influence  of  such  a  large  scale 
process  seems  to  have  not  yet  reached  the  central  and  western  portion  of  the  Ionian 
Sea.  Space  and  time  constraints  for  this  climate  variability  event  will  be  presented. 


CAN  WE  USE  SEDIMENTARY  RECORDS  TO  DEDUCE  LONG¬ 
TERM  CHANGES  IN  THE  EARTH’S  ORBITAL  ECCENTRI¬ 
CITY? 

T.D.  Herbert  (1)  and  J.S.  Gee  (2) 

(1)  Brown  University,  Providence  RI,  02912  USA  ,  (2)  Scripps  Insitution  of 
Oceanography,  La  Jolla  CA,  92093-0215  USA. 
timothy-herbertebrown.edu/Fax:  [[1]  401  863  2058 

Geologists  have  made  detailed  comparisons  betwen  climatic  time  series  and  or¬ 
bital  forcing  on  time  scales  of  0-8  Ma.  Generally,  geologists  use  the  orbital  calcu¬ 
lations  to  assign  ages  to  paleoclimatic  events.  However,  the  orbit-sediment  com¬ 
parison  need  not  be  one-way.  Lourens  and  colleagues  argue  that  early  Pliocene- 
late  Miocene  sedimentary  records  from  the  Mediterranean  region  favor  a  par¬ 
ticular  orbital  solution  from  Laskar  over  competing  solutions.  We  assess  here 
the  stability  and  accuracy  of  long-term  integrations  of  the  earth's  orbital  ec¬ 
centricity  around  the  Sun  in  comparison  to  marine  records  of  late  Cretaceous 
(ca.  84  Ma)  to  middle  Paleocene  (ca.  60  Ma)  age,  dated  and  correlated  by 
high-resolution  magnetics.  We  trace  the  eccentricity  cycle  by  its  modulation  of 
carbonate  maxima  and  minima  driven  by  precessional  insolation  cycles  (mean 
observed  period  =  20.9  k.y.  vs,  expected  20.4  k.y.).  Robust  modulations  occur 
at  100,  400,  and  2400  k.y.  The  last  two  periods  are  long  enough,  relative  to 
errors  in  geological  time  scales,  to  compare  to  predictions  from  celestial  me¬ 
chanics.  We  find  that  1)  the  major  periods  of  the  eccentricity  series  have  been 
stable  since  the  late  Cretaceous,  but  that  2)  the  dates  obtained  for  maxima 
and  minima  of  the  2400  k.y.  period  differ  from  simple  extrapolation  of  orbital 
calculations  performed  for  the  last  10  Ma. 


A.NTARCTIC  ORIGIN  OF  THE  FIRST  GLOBAL  MELTWATER  PUXSE 
FOLLOWING  THE  LAST  GLACIAL  MAXIMUM 

Annette  Hofmann  and  Sepp  Kipfstuhl 

both  at:  AWI,  Columbusstrasse,  27568  Bremerhaven,  Germany, 
ahofmann@awi-bremerhaven.de,  kipfstuhl@awi-bremerhaven.de 

The  origin  of  the  global  meltwater  pulses  following  the  Last  Glacial  Maximum  (LGM) 
is  still  under  discussion.  Sea  level  records  show,  that  the  rise  following  the  LGM  was 
characterized  by  two  or  three  brief  intervals  of  rapid  sea  level  rise  separated  by  periods 
with  much  lower  rates.  A  freshwater  input  into  the  North  Atlantic  equivalent  to  two  or 
three  times  the  Greenland  ice  volume  within  less  than  500  years  is  assumed  for  the 
meltwater  pulse  lA  around  14  kaBPf  We  present  first  evidence  of  massive  calving  of 
the  Antarctic  Ice  Sheet  during  the  last  deglaciation  confirming  the  hypothesis  of  Clark 
et  al.  (1996).  The  correlation  of  high-resolution  magnetic  susceptibility  records  of 
Scotia  Sea  sediment  cores  with  the  dust  concentration  of  the  Vostok  ice  core  provides 
a  high  resolution  chronology.  Records  of  ice  rafted  debris  (IRD)  from  the  Scotia  Sea 
show  exceptionally  high  fluxes  of  IRD  during  the  last  deglaciation,  striking  features 
are  two  IRD  pulses  between  10  and  14.5kaBP.  Calving  starts  after  the  onset  of  the 
drastic  warming  observed  at  Vostok  around  15kaBP  and  seems  to  culminate  during  the 
so-called  Antarctic  Cold  Reversal  at  13-14kaBP.  We  assume  that  increasing 
temperature  and  sea  level  (due  to  melting  ice  in  the  northern  hemisphere)  caused  first 
the  ice  shelves  to  break  off  and,  at  a  later  stage,  parts  of  the  grounded  Filchner-Ronne 
and  Ross  Ice  Shelves  to  collapse.  The  melting  icebergs  significantly  cooled  the 
Southern  Ocean  and  lead  the  Antarctic  Cold  Reversal,  seen  in  the  temperature  during 
the  deglaciation. 


ROCK  MAGNETIC  SIGNATURE  OF  MILANKOVITCH  CYCLICITY 
RECORDED  IN  MID-CRETAfKOUS  HEMIPELAGIC  SEDIMENTS  OF 
THE  VOCONTWN  BASIN  (SE  FRANCE) 


A  rock  maguetic  study  of  Mid-Cretaceous  hemipelagic  sediments  has  been  carried 
out  in  order  to  identify  paieoclimatic  cycles  driven  by  changes  in  the  Earth’s  orbit 
(“Milankovitch  cycles").  Calibration  of  cyclic  behaviour  of  magnetic  properties 
could  provide  a  powerful  tool  for  sedimentary  chronometry,  The  observed  Aptian 
succession  of  marls  and  claystones  with  intercalated  black  shales  and  marly 
limestones  shows  a  cyclic  pattern  of  variations  in  magnetic  susceptibility.  Cxinslant 
values  of  isothermal  remanent  magnetisation  (IRM)  ratios  indicate  a  constant 
content  of  ferrimagnetic  minerals  and  thus  continuous  sedimentation  without  clastic 
components  delivered  from  secondary  sources.  The  curves  of  saturation  IRM 
(Sllt^,  that  is  sensitive  to  ferrimagnetic  minerals,  do  not  correspond  to  the 
susceptibility  so  that  the  susceptibility  signal  is  dominated  by  fluctuations  of  the 
paramagnetic  mineral  content.  While  the  frequencies  of  susceptibility  variations 
express  the  precessional  and  eccentrical  cycles,  the  SIRM  reflects  the  obliquity  of 
the  earths  orbit.  Our  results  demonstrate  the  suitability  of  rock  magnetic 
parameters  to  identify  and  interprete  climatic  cycles  even  in  Mesozoic  successions. 


RECONSTRUCTION  OF  THE  PALEOCLIMATE  OF  NORTH  BULGARIA 
DURING  THE  PLEISTOCENE  AND  HOLOCENE 

S.G.Kostvanev  ( 11.  G.K.  Baltakov  (2) 

(1)  University  of  Mining  &  Geology,  Sofia-1 100,  Bulgaria; 

E-mail:  5k0st@staff.mgu.bg.  Fax:++359-2-621042; 

(2)  Sofia  University"Cl.  Ohridski",  Sofia,  Bulgaria. 

The  paleoclimate  reconstruction  problem  consists  in  determining  the  earth  surface 
temperature  in  the  past.  Such  a  problem  is  easily  reduced  to  equivalent  Fredholm 
integral  equation  from  the  first  kind  with  help  of  the  Green  function.  When  solving 
the  above  problem  there  are  mainly  two  difficulties:  1 )  Constructing  an  effective 
algorithm  for  calculating  the  Green  function  determining  the  kernel  of  the  integral 
equation;  2)  Getting  to  a  stable  solution  of  the  integral  equation  of  the  first  kind, 
representing  a  ill-posed  problem.  In  order  to  calculate  the  Green  function  we  use  its 
presentation  to  Fourier  integral  transformation  with  separating  the  subintegral 
function  peculiarity.  When  solving  the  integral  equation  from  first  kind  we  use  the 
Tikhonov's  method  of  regularization  in  which  the  smoothing  functional  is  minimized. 
The  temperature  profile  obtained  from  borehole  P-117  in  North  Bulgaria  was 
investigated  to  extract  information  on  paleoclimate  variations  during  the  last 
Pleisticene  and  Holocene.  The  first  more  noticeable  warming  began  14000  years  ago. 
After  a  short  cooling  the  so-called  holocene  warming  began.  Lasting  increase  of  the 
average  yearly  temperature  could  be  observed.  It  reached  its  maximum  during  an 
interval  of  7000-6000  years. 
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SEA  LEVEL  CHANGES  IN  THE  NEAR  FUTURE 
Nils-Axel  Momer 

Paleogeophyslcs  &  Geodynamics,  Sweden,  momer  ®  pog.su.se 

Sea  level  can  only  change  within  the  limits  set  by  the  physical 
processes  involved.  Sea  level  changes  is  a  multi-facetted  problem, 
however,  that  calls  for  deep  knowledge  in  a  number  of  different 
subjects  and  interacting  processes.  This  is  especially  true  when  it 
concerns  the  changes  during  the  last  centuries  and  the  expected  future 
changes.  Tectonic  changes  of  the  volume  of  the  oceanic  basins  are  too 
slow  to  have  any  significant  short-term  impact.  Glacial  eustatic 
changes  virtually  fiiushed  in  Mid-Holocene  time.  The  steric  expansion 
of  the  water  column  is  limited  to  the  surface  layer  of  the  oceans.  The 
gravity  potential  surface  (the  geoid)  constantly  deforms.  The  most 
powerful  process  of  rapid  changes  in  regiortal  sea  level  refers  to  the 
variability  in  the  main  oceanic  circulation  system  as  a  fimction  of 
interchange  of  angular  momentum  between  the  solid  Earth  and  the 
hydrosphere.  If  global  sea  level  has  risen  in  the  last  150  years,  it  can 
never  have  been  more  them  by  1.1  mm/yr.  This  rate  -  about  10  cm 
per  100  years  -  is  a  good  approximation  of  the  maximum  sea  level 
rise  even  for  the  future.  A  possible  global  warming  will  not  change 
this  sigruficantly.  Therefore,  the  estimated  changes  in  sea  level  in  the 
near  future  must  be:  "some  10  cm  -  at  the  most  20  cm  -  per  century". 


NEOTECTONICS  AND  GLOBAL  CLIMATE 
Nils-Axel  Momer 

Paleogeophysics  &  Geodynamics,  Sweden,  momer  @  pog.su.se 

It  recently  became  evident  that  the  globe  experienced  a  sigruficantly 
changed  tectonic  regiment  from  about  3.0  Ma  onwards.  Large  areas 
were  rapidly  uplifted  between  3.0  and  2.5  Ma  (e.g.  the  Tibetan 
Plateau,  large  parts  of  the  Cordilleras,  the  Ethiopean  and  SE  African 
Plateaus,  parts  of  Europe,  maybe  the  Transantarctic  Mountains). 
Other  areas  subsided  (e.g.  the  Bajkal,  Caspean,  Tyrrhenian  and 
North  Sea  Basins).  The  Bransfield  and  Bering  Straits  opened.  The 
African  plate-push  was  intensified.  Large  parts  of  the  deep-sea  floor 
seem  to  have  subsided  (in  hypsographic  adjastmerit  to  the  land- 
uplift).  We  are  hence  able  to  identify  the  last  3  Ma  as  characterized 
by  generally  intensified  tectonic  activity  of  such  dimensions  that  we 
have  to  go  very  far  back  in  time  to  find  anything  similar.  This  period 
may  hence  be  looked  upon  as  a  special  "neotectonic  period"  putting 
the  term  "neotectonics"  in  new  perspectives.  This  tectonic  reorganiza¬ 
tion  seems  -  by  amplifying  the  Mileinkovitch  variables  -  to  be  causally 
connected  to  the  alternations  between  ice  ages  and  interglacials  that 
set  the  character  of  the  climate  for  the  last  2.5  Ma. 


EARTH’S  ROTATIONAL  RESPONSE  TO  THE  LATE-PLEISTOCENE 
GLACIAL  CYCLE  AND  TO  CURRENT  GLOBAL  CHANGE 

W.R.  Pettier  (Department  of  Physics,  University  of  Toronto,  Toronto,  Ontario, 
Canada  MSS  1A7;  peltier@atmosp.physics.utoronto.ca/Fax;  1-416-978-8905) 

Several  “anomalies”  in  the  Earth’s  current  rotational  state  have  been  interpreted 
as  aspects  of  the  planet’s  response  to  the  100  kyr  cycle  of  late  Pleistocene 
glaciation  and  degiaciation  that  has  characterized  the  most  recent  900,000  years 
of  earth  history.  As  first  demonstrated  in  Peltier  (1988,  Science,  240)  these 
anomalies,  which  Consist  of  the  non-tidal  acceleration  of  axial  rotation  and  the 
speed  and  direction  of  true  polar  wander,  are  also  extremely  sensitive  to  the 
occurrence  of  any  significant  degree  of  present  day  melting  of  land  ice,  either 
in  the  form  of  small  ice-sheets  and  glaciers  or  of  large  polar  ice-sheets  such  as 
those  that  presently  cover  Greenland  and  Antarctica.  I  will  describe  a  series  of 
analyses  that  have  been  performed  in  an  attempt  to  discover  what  constraint,  if 
any,  the  observed  data  may  be  invoked  to  place  upon  the  amount  of  polar  ice 
sheet  melting  that  may  presently  be  contributing  to  the  ongoing  modem  rise  of 
sea  level  that  appears  to  be  occurring  at  a  globally  averaged  rate  near  1.8  mm 
per  year.  These  analyses  strongly  suggest  that  any  such  contribution  must  be 
small,  especially  from  Antarctica,  and  therefore  that  the  contribution  to  the 
modem  global  rate  of  sea  level  rise  from  the  steric  effect  of  thermal  expansion 
must  be  much  larger  than  conventionally  assumed. 


CONNECTION  BETWEEN  THE  CHANGES  OF  GEOMACNEnC  FIELD 
INTENSITY  AND  CLIMATE  CHANCES  IN  THE  HOLOCENE. 

O.  M.  Raspopov,  O.  I.  Shurailov,  E.  A.  Kasatkina  (SPbF  IZMIRAN,  P.O.  Box 
188,  St.-Pelcrsburg,  191023,  Russia,  E-mail:  oleg@omr.izmijas.spb.m) 

G.  N,  Petrova  (Institute  of  Terrestrial  Physics  of  RAS,  Moscow,  Russia) 

V.  A.  Dergachev  (Physical-Technical  Institute  of  RAS,  St.-Petersburg,  Russia) 
K.Creer  (Departament  of  Geology  and  Geophysics,  University  of  Edinburgh, 
Scotland,  UK) 

The  connection  between  geomagnetic  dipole  value  M/Mo  (Mo-  modem  value 
of  geomagnetic  dipole)  change  and  surface  temperature  variations  for  the  last 
12,000  years  was  analysed.  The  changes  of  geomagnetic  dipole  was  traced  by 
the  way  of  paieoarchaeological  data  (up  to  8000  BP)  and  sediments  data 
generalization  (from  8000  to  12,000  BP).  As  the  climate  trend  were  used 
temperature  dependences  on  core  data  both  in  Northern  and  Southern 
hemispheres  and  as  well  on  the  analysis  of  palinological  data  and  glacier 
development.  Curve  of  connection  between  M/Mo  changes  and  temperature  T 
ones  d^onstrate  practically  linear  dependence  under  M  less  than  O.S-0.6  Mo. 
In  the  case  increase  of  M  corresponds  to  surface  temperature  increase.  Under 
further  growth  of  M,  above  mentioned  dependence  begins  to  weaken  and  at  M 
equal  or  more  than  Mo  increase  of  temperatures  is  practically  stopped.  T(M) 
curve  obtained  taking  into  account  its  configuration  looks  like  the  curve  of 
cosmic  ray  intensity  changes  in  the  atmosphere  under  geomagnetic  Held 
intensity  changes.  Taking  into  consideration  the  conclusions  concerning  cosmic 
lay  action  modulated  by  solar  activity  on  the  optical  properties  and  radiation 
balance  in  the  atmosphere  one  can  make  an  inference  that  connection  between 
surface  temperatures  and  geomagnetic  field  changes  in  Holocene  have  got 
physical  nature. 


MULTIFRACTAL  ANALYSIS  OF  ICE  CORE  CLIMATE  DATA 

£.  Schmitt.  (Institut  Royal  Mdtdorologique,  Sect.  Climatologie  Dynamique,  3 
avenue  circulaire,  B- 1 1 80  Bruxelles), 

D.  Schertzer  (LMM,  Universite  Paris  6,  Paris,  France), 

S.  Lovejoy  (McGill  University,  Montreal,  Canada) 

Ice  core  climatic  records  such  as  those  if  the  Greenland  Ice-core  Project  (GRIP) 
are  very  usefull  to  characterize  the  climate  system  for  large  time  scales.  The  GRIP 
data  already  showed  that  climate  proxy  temperatures  ( '®C)/'‘o  ratios)  display  sharp 
gradients  and  large  fluctuations  over  all  observed  scales.  We  show  that  these 
variations  are  scaling  over  the  range  =400  yr  to  =40  kyr:  there  is  no  characteristic 
scale,  and  the  fluctuations  from  one  scale  to  another  depend  only  on  the  scale  ratio. 
The  fluctuations  corresponding  to  these  scales  are  studied  using  multifractal  analysis 
techniques.  The  entire  hierarchy  of  multifractal  exponents  characterizing  the  climate 
statistics  over  this  range  is  found  to  fit  very  accurately  in  the  framework  of  universal 
multifractals.  This  means  that  many  of  the  details  of  the  complex  climate  dynamics 
arc  “washed  out”,  leaving  only  statistically  multifractal  fluctuations  at  all  scales. 

One  of  the  consequences  of  this  data  analysis  is  that  modelling  what  is  usually 
called  "natural  climate  variability”  using  Gaussian  noise  or  random  walk  leads  to 
strongly  underestimate  the  variability.  Indeed  the  latters  are  additive  processes 
whereas  multifractals  correspond  to  multiplicative  processes,  displaying  long-range 
correlations. 


STRATIGRAPHIC  SIGNATURE  OF  TERTIARY  CLIMATE  CHANGE  ON 
WEST  AFRICAN  MARGINS 

Michel  .Seranne  and  Cesar-Rostand  Nz^  Abeigne 
CNRS/Univ-Montpellier  2,  CC  057,  34095  Montpellier,  France 
seranne@dstu,  univ-montp2.fr 

The  post-rift  sequence  of  the  west  African  continental  margins  comprises  1)  an 
Aptian-late  Eocene  interval  dominated  by  aggradation  on  a  carbonate  ramp;  2)  a 
major  unconformity  corresponding  to  an  erosional  hiatus  of  the  L.  Eocene- 
E.Oligocene  on  the  shelf-edge;  and  3)  an  Oligocene  to  Present  interval  characterised 
by  progradation  of  terrigenous  sediments  across  the  shelf  and  sediment-drifts 
accumulation  in  the  slope. 

Such  first-order  stratigraphic  organisation  has  been  attributed  to  uplift  of  Africa, 
however  geological  evidence  indicates  that  uplift  was  a  multi-stage  process  spanning 
the  whole  Tertiary,  which  is  not  in  agreement  with  the  observed  E.  Oligocene 
stratigraphic  turnover. 

Comparison  of  the  stratigraphic  record  of  the  West  African  margins  with  6  O  and 
”Sr/  Sr  curves  shows  a  close  temporal  relationship  with  Tertiary  climate 
degradation  and  increased  continental  weathering.  Changes  in  morphology  and 
sedimentary  pattern  of  continental  margins  are  correlated  with  the  first  occurrence  of 
Antarctica  glaciations  in  the  earliest  Oligocene.  Development  of  "icehouse" 
condition  from  Oligocene  onwards,  introduced  seasonality  and  long-term  lowering 
of  the  sea-level,  which  favored  continental  erosion  and  increased  clastic  supply  to 
the  margins,  while  the  contemporaneous  establishment  of  thermohaline  circulation 
correlates  with  the  onset  of  sediment-drift  deposition  on  the  continental  margin. 
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MONITORING  CLIMATE  CHANGE  IN  THE  EARTH'S 
SUBSURFACE 
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Past  ground  surface  temperature  changes,  which  are 
preserved  in  the  earth  subsurface,  can  be  recovered  from 
borehole  temperature  data.  Whereas  a  single  hole 
measurement  represents  a  snap-shot  of  the  transient  thermal 
state,  continuous  measurement  of  temperature  at  different 
depths  is  needed  to  obtain  complete  information  on  evolution 
of  temperature  field  and  hence  on  mechanisms  governing  heat 
transfer  in  the  first  tens  of  metres  below  surface. 

We  set  up  an  observatory  in  a  hole  drilled  in  south  Bohemia  to 
measure  temperature  from  the  surface  down  to  40  m  depth 
together  with  standard  meteorological  variables  and  soil 
moisture.  The  aim  is  to  monitor  energy  and  mass  fluxes  in 
atmospheric  boundary  layer,  in  soil  and  in  the  basement  rock. 
The  observatory  setting  (including  3-D  model  of  relief  effect  on 
temperature)  and  the  first  data  analysis  is  presented. 


HOLOCENE  VEGETATION,  LAKE  LEVEL  AND  CLIMATE  CHANGE  IN 
MONGOLIA:  A  RESPONCE  TO  THE  INSOLATION  FORCING 


P.E.  Tarasov  (1)  and  N.I.  Dorofeyuk  (2) 

(I)  Laboratoire  de  Botanique  Historique  et  Palynologie,  Marseille,  (2)  Institute  of 
Evolution  and  Ecology,  Russian  Academy  of  Sciences,  Moscow 


Vegetation  records  from  forest/steppe  transition,  highly  sensitive  to  changes  in 
precipitation  and  temperature  regimes,  are  the  key  to  examine  the  response  to 
millennial-scale  change  in  the  regional  climates.  These  are  mainly  controlled  by  the 
orbitally-induced  global  pattern  of  insolation  through  changes  in  temperature  and 
atmospheric  circulation.  For  the  first  time  we  present  a  continuous  record  of 
vegetation  and  climate  change  from  Hoton-Nur  Lake,  northwest  Mongolia  since 
1 1,000  cal.  yr  BP  (ca  10,000  “C  yr  BP).  Pollen  data  suggest  steppe  covered  the  area 
at  11,000-10,000  yr  BP.  Lake  was  low.  That  is  consistent  with  dry  climate, 
associated  with  weaker  than  present  Pacific  monsoon.  Picea  dominated  forests 
became  very  important  already  at  9.5  kyr,  suggesting  wetter  than  present  conditions, 
in  response  to  the  expanded  monsoon.  High  and  intermediate  lake  levels 
reconstructed  at  that  time  are  consistent  with  such  interpretation.  A  sharp  reduction 
of  Picea  and  re-establishment  of  steppe  with  sparse  patchy  forests  occurred  after 
5000  yr  BP,  consisting  with  attenuation  of  the  monsoon  activity  in  the  region.  A 
decrease  in  the  lake  level  is  parallel  to  the  change  in  vegetation.  A  human  impact  in 
the  region  is  unimportant  until  today,  suggesting  reconstructed  patterns  reflect 
climate  change  primarily  driven  by  insolation  changes. 
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EGS3  Modelling  techniques  and  joint  inversion  in 
Earth  sciences 

Convener:  Gotze,  H.-J. 

Co-Conveners:  Meurers,  B.;  Romanyuk,  T.V.;  Schmidt,  S.; 
Strykowski,  G. 


SOME  NUMERICAL  APPROACHES  TO  SOLVING  THE 
INVERSE  PROBLEMS  OP  ELECTROMAGNETOELASTICITY 

A.  V.  Avdeev  (U.  E.  V.Goruynov  (1)  and  V.I.  Priimenko  (2) 

(1)  Institute  of  Computational  Mathematics  and  Mathematical  Geophysics, 
Novosibirsk,  Russia,  (2)  LENEP,  North  Fluminense  State  University,  Macae, 
RJ,  Brazil 

avdeev@omzg.sscc.ru,  avdeev@comcen. nsk.su/Fax:  +007-3832-324259 
slava@ienep. uenf.br/Fax:  +55-0247-736565 

New  numerical  methods  for  solution  of  inverse  problems  for  electromagneto¬ 
elasticity  equations  are  proposed.  The  Maxwell  and  Lame  systems  are  consi¬ 
dered  in  the  case  when  the  electromagnetic  (EM)  field  is  generated  by  elastic 
oscillations.  We  neglect  the  reverse  influence  of  the  EM  fleld  on  the  elastic 
oscillations.  When  elastic  waves  propagate  through  an  electroconductive 
medium  within  the  magnetic  fleld,  an  interaction  between  EM  and  elastic 
oscillations  app>ears.  The  resulting  waves  are  called  EM-elastic  waves.  The 
influence  of  the  EM  fleld  on  the  deformation  fleld  is  considered  as  a  result  of 
the  Lorentz  forces.  To  account  for  an  increase  of  the  electric  fleld  density,  an 
additional  term  should  be  included  into  the  equation  describing  the  Ohm  law. 
This  term  depends  on  the  velocity  of  particles  which  move  in  the  magnetic 
field.  In  our  case  the  influence  of  the  magneto-elastic  field  on  the  elastic  waves 
propagation  is  negligible.  At  the  same  time,  if  the  original  magnetic  fleld  is 
strong  enough,  the  influence  of  the  magneto-elastic  forces  can  be  significant. 
We  consider  the  problem  of  recovering  some  elastic  and  EM  parameters  of  a 
layered  medium  from  a  weakly  coupM  linearized  set  of  equations  of 
electromagnetoelasticity.  Results  of  numerical  experiments  are  given.  (The 
research  was  supported  by  RFBR  under  grants  96-05-66058,  95-05-15567.) 


GRAVIMETRIC  MODELLINGS  OF  THE  SOUTHERN  ANDES  (38:-42:S) 

Araneda  M.*,  Avendaqo  M.  S.*,  Schmidt  S.**,  Goetze  H.  J.** 

*  Depto.  de  Geofisica  U.  de  Chile.  ♦♦  U.  Libre  de  Berlin 
Fax:  56-2-6968686  49-30-7753078 

Gravimetric  investigations  were  carried  out  in  1995  and  1996  in  the  Southern 
Centra!  Andes  (38:-42:S  latitude  and  72:-74:W  longitude),  as  part  of  an  intemtional 
attempt  to  reveal  structural  information  of  the  Andean  lithosphere.  As  a 
result  of  the  fieldinvestigation(12500stations)  we  prepared  maps  of  the  Bouguer, 
isostatic  residual  anomaly  and  gravity  lineaments  obtained  from  horizontal  gradient. 
An  interpretation  of  the  processed  gravity  data  indicates  the  geological  framework  of 
the  Southamerican  subduction  zone  beneath  the  Andes.  -The  Coast  Range 
fundamentally  composed  of  metamorphic  rocks  of  paleozoic  age,  shows  in  general 
negative  anomalies  between  0  and  -30  mgals.-The  Central  Valley  covered  with  2000 
to  4000  meter  of  Quaternary  sediments,  showspositive  anomalies  between  10 
to  lOOmgals.,  the  largest  positive  anomalies  encountered  in  the  region  under 
study.  The  cause  of  these  anomalies  over  a  sedimentary  basin  is  probably  the 
existence  of  hight  density  upper  mantle  material  under  an  abnormally  thin 
crust.  These  positive  residual  anomalies  are  the  desappear  south  of  38. 5:S. -The 
area  comprising  the  Pre-Cordillera  and  the  Pre-Andean  Basin  composed  of 
Quaternary  sediments  and  volcanic  rock,  shows  low  residual  anomalie,  in  a  SE 
lineament  that  starts  at  iheArauco  Peninsula,  37:S  at  39. 5:S.  The  anomalie  takes  a 
NS  trend  along  the  west  side  of  the  lakes  of  the  region.-Finally  the  volcanic  belt  of 
the  western-cordillera  does  not  show  a  clear  pattern  judging  from  the  isostatic 
gravity  residual.  That  are  characterized  here  by  a  sequence  of  high  and  low 
values.This  projet  was  financed  by  the  Volkswagen  Fundation,  Germany. 


DENSITY  STRUCTURE  OF  THE  NORTHEAST  GERMAN  BASIN:  3D  MODELLING 
ALONG  THE  DEKORP  NE-PROFILE. 

Ban-io-Alvers  L.  *'*,  Bayer  U.  Gotze  H.-J.  and  Scheck  M.  *■* . 

(1)  Freic  Universitat  Berlin,  Germany.  Fax  (+49)  (30)  775  3078 

(2)  Geoforschnungszentrum  Potsdam,  Germany.  Fax  (+49)  (331)  288  1328 

The  key  of  understanding  the  dynamics  of  the  Northeast  German  sedimentary  basin 
is  the  knowledge  about  its  current  structures.  Our  studies  will  focus  on  the  evolution 
and  subsidence  history  of  this  basin  by  the  aid  of  numerical  models.  Therefore  it  is 
necessary  to  consider  all  geoscientific  information  and  data  which  are  available  to 
support  this  task.  Due  to  the  complex  basin  geometry  and  evolution  we  will 
concentrate  our  modelling  on  some  sub-areas.  The  principal  idea  behind  this  paper  is 
to  show  the  state  of  data  acquisition  and  recent  results  of  3D-modelling.  At  first  the 
layers  of  the  basin  structures  were  compiled  on  the  base  of  borehole  data,  two 
seismic  profiles  and  isostatic  modelling.  Gravity,  aeromagnetic  and  geoidal  maps 
completed  the  data  base.  By  means  of  3D  gravity  and  geoid  modelling,  the  initial 
model  structure  was  modified  to  fit  in  the  geophysical  data  sets.  The  gravity  effects 
of  salt  domes  and  walls  concerned  with  the  mobilisation  of  salt  layers,  cause  strong 
negative  anomalies  of  gravity.  Another  problem  is  related  with  the  construction  of 
the  3D  model's  Moho  interface.  Here,  the  modelling  benefits  from  the  first  results  of 
the  seismic  reflection  studies  along  the  DEKORP  NE  profile.  Aeromagnetic 
modelling  was  done  together  with  density  modelling  in  one  program  step  and  help 
to  identify  areas,  where  the  volcanic  rocks  of  reasonable  thickness  exist.  The 
anomalies  of  the  gravity  field  are  interpreted  in  terms  of  crustal  distributions  of 
densi^  against  the  first  findings  of  the  seismic  reflection  experiments. 
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PART  OF  THE  NEW  CONCERT  FOR  OIL  FORMATION 
IN  SCIENTIFIC  INFORMATIONAL  MODELS 

Valentina  Bercovska  (Geophysical  Department,  Ukrainian  State 
Geological  Prospecting  Institute.  Kyiv,  Ukraine) 

A  process  of  geological  and  geophysical  investigations  is  a 
simulation  process  on  a  basis  of  sciences  interconnections. 
Synthesis  of  scientific  knowledge  and  practical  skills  enables  to 
construct  model  of  a  natural  object  as  one  of  the  form  for  visual 
representation  of  a  geological  object. 

Depending  on  complexity  of  the  solving  problems,  a  set  of 
informational  data  for  their  solution  differs. 

From  our  point  of  view,  proper  understanding  of  oil  origin  allows 
to  partially  or  completely  solve  the  problems  of  three  distinguished 
levels:  global,  regional  and  particular.  Namely,  formation  of  gas 
hydrates,  hydraulic  fracture  of  the  seam,  lowohmic  productive 
reservoirs,  tectonic  motion,  facies  analysis,  anomalous  formational 
pressure  and  others. 


LITHOSPHERE  STRUCTURE  OF  THE  SEDIMENTARY  BASINS' 
IN  THE  CARPATHO-PANNONIAN  REGION  AS  INFERRED  FROM 
INTERPRETATION  OF  GEOPHYSICAL  DATA 

M.  Bielik  (1),  I.  HniSecky  (2),  I.  Kohiit  (1),  P.  Kostecky  (3) 

(1)  Geophysical  Institute,  Slovak  Academy  of  Sciences,  (2)  Geological  Survey  Slovak 
Republic,  (3)  Department  of  Geophysics.  Comenius  University,  Bratislava 
geofmiro:§savba.sk/Fax:  +421/7/375278 

The  Ciu-pathians  and  the  Pannonian  basin  system  provide  a  good  opportunity  to 
study  extensional  tectonics.  The  Danube  basin  and  the  Bekes  basin  are  a  Neogene- 
Quatemary  basin  complexes,  which  belong  to  one  of  the  largest  Neogene  depocentres 
in  the  Carpathian-Pannonian  region.  Presented  lithospheric  model  of  the  Slovak  part 
of  the  Danube  basin  is  inferred"  from  the  regional  deep  and  local  reflection  seismic 
profiles,  gravimetric  and  magnetic  data,  c^ust^d  tmd  lithospheric  thickness  maps,  a 
Royden's  thin-skinned  lithospheric  model  of  the  Vienna  basin  and  new  facts  on  its 
geological  structure.  For  the  Bekes  basin  local  isostatic  model,  2D  gravity  model 
of  the  lithosphere.  3D  gravity  effect  of  the  basin  sedimentary  All  and  the  stripped 
gravity  map  were  calculated.  To  contribute  to  better  understanding  of  the  process 
of  the  continental  extensional  tectonics  the  first  attempt  to  solve  of  the  state  of 
stress  associated  with  the  narrow  continental  rift  mode  was  done.  For  calculation 
of  the  state  of  stress  in  the  2D  model  the  finite  element  method  was  applied. 


GENERATION  OF  GEOLOGICAL  MAPS  BY  AN  INTEROPERA¬ 
BLE  APPROACH  -  AN  EXAMPLE  FROM  SOUTHERN  LOWER 
SAXONY,  GERMANY 

M.  Breunig  (1),  A.B.  Cremers  (1),  H.-J.  Gotze  (2),  S.  Schmidt  (2),  R.  Seide- 
m€Lnn  (3),  S.  Shumilov  (1)  and  A.  Siehl  (3) 

(1)  Institut  f.  Informatik  III,  Universitat  Bonn,  Germany,  (2)  FR  Geophysik, 
FU  Berlin,  Germany,  (3)  Geologisches  Institut,  Universitat  Bonn,  Germany. 
Geological  maps  constructed  in  a  conventional  way  may  have  deficiencies  for 
several  reasons:  The  editor  might  not  be  able  to  integrate  all  available  informa¬ 
tion  into  the  3D  model,  there  might  be  no  possibility  to  control  all  aspects  of 
consistency  and  plausibility  of  the  3D  model  because  of  its  geometric  complexity 
and/or,  finally,  the  exploration  of  all  spatial  consequences  within  the  3D  model 
is  a  tedious  task.  We  present  an  interdisciplinary  approach  of  computer  scien¬ 
tists,  geophysicists  and  geologists  to  implement  an  integrated  application  of  an 
object  oriented  database  system  (OODB)  and  geological  and  potential  field  3D 
modeling  software.  Spatial  distribution  and  heterogeneity  of  the  platforms  used 
requires  the  deployment  of  Object  Management  Architecture  (OMA).  Thereby 
the  utilized  software  tools  become  compliant  to  Object  Request  Broker  (ORB) 
technology  and  the  geoscientific  3D  modeling  software  will  get  direct  access  to 
the  OODB.  The  study  area  is  located  in  southern  Lower  Saxony,  Germany.  A 
high  density  of  well  information,  several  isosurface  maps,  and  a  great  number  of 
geophysical  surveys  combined  with  the  iterative  exchange  of  the  3D  geometry 
between  geological  and  geophysical  modeling  tools  leads  towards  the  construc¬ 
tion  of  a  consistent  3D  model. 


FIRST  STEPS  TOWARDS  AN  INTEROPERABLE  3D  GIS  -  AN 
EXAMPLE  FROM  SOUTHERN  LOWER  SAXONY,  GERMANY 
M.  Breunig  (1),  A.B.  Cremers  (1),  H.-J.  Gotze  (2),  S.  Schmidt  (2),  R.  Seide- 
niann  (3),  S.  Shumilov  (1)  and  A.  Siehl  (3) 

(1)  Institut  f.  Informatik  III,  Universitat  Bonn,  Germany,  (2)  FR  Geophysik, 
FU  Berlin,  Germany,  (3)  Geologisches  Institut,  Universitat  Bonn,  Germany. 

In  geosciences  the  necessity  of  combining  geological  and  geophysical  informa¬ 
tion  as  well  as  applying  tools  for  designing  3D  models  is  well  accepted.  Nev¬ 
ertheless,  in  most  cases  this  demand  is  only  put  into  practice  by  file  transfer 
between  the  applications.  Therefore  the  creation  of  a  3D  model  is  aggravated 
by  the  inflexibility  for  handling  additional  or  re-interpreted  data  and  for  the 
treatment  of  changing  applications,  operation  systems  and/or  platforms.  To 
improve  the  first  aspect,  an  object  oriented  database  system  (OODB)  is  devel¬ 
oped,  wherein  the  original  data  as  well  as  the  derived  data  and  the  3D  models 
are  stored.  Geo-applications  have  direct  access  to  the  OODB  by  utilizing  the 
technology  of  common  object  request  broker  architecture  (CORBA).  Hereby 
integration  of  the  software  components  and  independence  from  both  changing 
software  applications  and  changing  platforms  are  obtained,  finally  resulting  in 
an  Interoperable  3D  GIS  (lOGIS). 

We  present  an  example  of  the  exchange  of  spatial  objects  between  a  geologi¬ 
cal  and  a  geophysical  software  application  using  CORBA’s  interface  definition 
language  (IDL)  as  an  integrated  approach  of  geological  and  geophysical  3D 
modeling  in  southern  Lower  Saxony. 


MODELLING  OF  GRAVITY  AND  MAGNETIC  FIELDS  NEAR 
URSEIS-95  PROFILE  AT  THE  SOUTHERN  URALS. 

N.  V.  Fedorova 

Institute  of  Geophysics,  100  Amundsen  Str.,  Ekaterinburg,  620016  Russia. 
nfOmaglab.mplik.ru/Fax;  [7]  3432  678  872 

The  interpretation  of  gravity  and  magnetic  data  were  carried  out  on  a  number 
of  profiles  located  on  the  Southern  Urals  in  the  region  of  URSEIS-95  seismic 
profile,  and  alternative  variants  of  cross-sections  were  constructed.  Results  of 
gravity  field  modelling  indicate  that  positive  anomaly  over  Magnitogorsk  zone 
is  cause  by  heavy  rock  blocks  in  upper  10-15  km  layer.  Negative  regional  gravity 
anomaly  at  the  Southern  Urals  may  be  explaine  by  uralide  complexes  with  lower 
density  at  the  bottom  of  the  crust  and  increasing  of  the  crust  thickness  to  45- 
50  km.  From  the  results  of  the  magnetic  data  an  extensive  negative  magnetic 
anomaly  was  identified  under  the  main  Ural  structures.  We  explained  the  nature 
of  this  anomaly  by  the  contrast  in  magnetization  between  crystalline  basement 
of  the  platform  and  uralides  and  sinking  of  Precambrian  platform’s  basement 
under  the  orogen.  At  the  western  part  of  the  profile  the  number  of  lingering 
sources  are  correlated  well  with  seismic  boundaries  in  the  lower  horizonts  of 
East-European  platform. 


THE  MODELLING  TECHNIQUES  FOR  STUDYING  THE  PROPERTIES 
OF  GEOPHYSICAL  FIELDS  IN  SINGULAR  AREAS 

E.Z.Gak  fl)  and  V.I. Gridin  (2) 

(1)  A^ophysical  Research  Institute,  Saint-Petersburg,  (2)  The  Institute  of  Oil  & 
Gas,  Moscow,  Russia,  client.spb  post  @  rex.iasnet.ru  (theme:  box  2,  Gak) 

Solving  of  the  stationary  problems  connected  to  3D  mathematical  modeling  the 
situations  appear  when  field  components  are  increasing  infinitely  close  to  the 
edges,  angular  points  and  singular  areas.  It  has  been  noted  early  the  necessit}'  to 
concern  such  areas  in  the  edge  areas  of  gravity  anomalies  similar  to  singular  areas 
(Gridin  and  Gak,  1994,  Gak  et  al.  1997].  It  has  been  noted  that  those  zones  might 
have  the  increased  normal  component  module,  and  the  GF  horizontal  components. 
However,  the  difficulties  of  mathematical  description  of  such  phenomena,  imderes- 
timation  of  the  role  of  the  tangential  component  particularly  in  case  of  grav  itational 
fields  makes  prospective  the  application  of  the  methods  of  faborato^’  simulation  not 
only  for  the  structure  of  such  zones,  but  also  for  phenomena  talking  place  inside. 
This  work  describes  the  methods  of  generation  of  the  fringe  effects  of  electrical, 
magnetic,  and  gravit)’  fields  in  laboratory  conditions,  as  well  as  simulation  of  the 
phenomena  of  mass  and  electric  transfer  in  above  zones.  The  comparison  of  ob¬ 
tained  results  with  the  data  obtained  in  field  conditions  and  at  remote  sensing  are 
presented.  The  authors  consider  that  it  is  necessary  to  take  into  consideration  the 
role  of  such  zones  on  the  Earth’s  surface  in  coarse  of  studies  of  evolution  processes 
of  living  s>  stems  and  the  nature  of  influence  of  cosmic  factors,  the  ^avity  fields  of 
the  Sun,  the  Moon  and  other  heavy  planets,  cosmic  substance  (cosmic' dust  and 
cosmic  rays)  among  others.  In  the  same  time  the  progressive  studies  of  such  phe¬ 
nomena.  ^ssibilitv-  of  their  practical  application  both  in  geological  survey  ana  for 
the  prediction  of  catastrophic  natural  pnenomena  may  be  successfully  implemented 
only  at  the  collaborated  participation  of  the  experts  of  different  profile  in  these 
works. 
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APERIODIC  MOTION  OF  A  CRUSTAL  MICROPLATE  WITH 
APPLICATION  TO  MOESIAN  PLATFORM  -  ROMANU 

M.  Ivan 

University  of  Bucharest,  Department  of  Geophysics,  Romania 
ivara@math.math.unibuc.io/Fax:  00401-211-3120 

An  analytical  formula  is  derived  for  the  flexure  of  the  1-D  plate  in  presence  of  a 
horizontal  compressive  stress.  The  load  is  approximated  by  a  sum  of  arbitrary  step 
functions.  On  that  base,  a  quasi  finite  element  algorithm  is  obtained  for  static  crust 
modelling.  By  incorporating  gravity,  seismic,  seismological  and  well-logging  data, 
the  code  is  applied  to  the  Moesian  Platform  (MP),  a  microplate  mainly  bounded  by 
the  Carpathians,  Balkan  Mountains  and  North  Sea.  It  is  concluded  that  the  actual 
load  is  insufficient  to  keep  the  microplate  into  an  equilibrium  state.  Assuming  that 
Bernoulli  hypothesis  is  valid  for  all  time,  a  differential  equation  is  derived  for  the 
time-variable  flexure  by  generalising  the  Sophie  Germain  result.  It  is  used  to  obtain 
the  periods  of  the  normal  modes  of  a  rectangular  plate  laying  on  a  viscous 
substratum  and  the  corresponding  critical  values  of  viscosity  q.  For  the  MP 
microplate,  the  lowest  mode  has  534  seconds  and  q  is  8xl0**ll  Pa  sec,  indicating 
that,  most  probable,  the  motion  is  strongly  damped  as  excited  by  an  earthquake. 
The  aperiodic  motion  is  discussed  in  detail.  From  the  recent  vertical  movements  in 
the  area,  the  derived  mean  viscosity  below  Moho  discontinuity  is  7.4  x  10**22  Pa 
sec  corresponding  to  a  strain  rate  of  8  x  10**-16  sec**-l.  Sphericity  effects  are 
rigorously  investigated.  For  MP  microplate,  with  horizontal  sides  of  the  order  600  x 
240  and  thickness  of  24  kilometres,  the  curvature  of  the  Earth  can  be  ignored. 


Concept  and  examples  of  Interactive  visualization  with  IVIS-3D 


Christian  Klesper  (1),  S.  Schmidt  (2)  and  H.-J.  Gotze  (2) 

(1)  GeoForsohungsZentrum  Potsdam  -  GERMANY,  (2)  Freie  Universitat 
Beriin  -  GERMANY,  e-mail:  geochris@gfz-potsdam.de 


This  poster  outlines  the  concept  and  visualization  capabilities  of  1VIS-3D 
(IGMAS  Visualization  in  3D),  which  is  an  interactive  3D-visualization 
program.  This  tool  is  specially  adapted  to  the  requirements  of  gravity  and 
magnetic  modeling  in  the  GRAVITY  RESEARCH  GROUP  of  the  Freie 
Universitat  Berlin.  The  basic  elements  are  two  public  domain  libraries:  VTK 
for  the  3D  visualization  and  XFORMS  as  GUI-builder.  Both  parts  are  X- 
window  based,  independent  of  the  graphical  kernel  and  running  on  all  UNIX 
and  LINUX  workstations.  The  easy  to  use  graphical  user  interface  of  IVIS- 
3D  allows  to  control  various  parameters  of  the  displayed  geometries.  Some 
of  the  main  features  of  IVIS-3D  are: 

•  likewise  online  (interactive)  and  offline  (batch)  rendering 

•  VRML  output  format  of  actual  scenes 

•  automatic  screen  shots  in  PPM  format 

•  interactive  object  identification  (picking) 

•  several  predefined  3D-views 

•  extraction  of  isoline  and  different  edge  types 

•  model  generalization  during  movement 


MULTI-CHANNEL  DECONVOLUTION  IN  GEOPHYSICS  AND 
HELIOSEISMOLOGY 

Jacobsen,  B.H.,  Jensen.  I.M..  Mailer,  I.,  and  Effersa,  F. 

Dept,  of  Earth  Sciences,  Aarhus  University,  Denmark 
geofbhj@aau.dk;  geofimj@aau.dk;  geofim@aau.dk;  geoffe@aau.dk 

Whenever  data  sampling  is  regular  along  a  coordinate  in  space  and/or  time  it 
is  relevant  to  look  for  approximate  shift  invariance  which  casts  the  forward 
problem  into  a  convolution  formulation.  The  resulting  computations  may  be 
speeded  up  significantly  through  the  Fourier  transform.  For  nonlinear 
problems  the  Bora  approximation  in  horizontally  stratified  media  leads  to 
just  such  a  result. 

In  many  cases  the  noise  is  well  approximated  by  a  stationary  process,  and  it 
turns  Put  that  the  resulting  stochastic  inverse  solution  is  then  a  multi-channel 
deconvolution.  This  formulation  allows  very  fast  inversion  in  the  periodic 
approximation  of  densely  sampled  high  volume  data  sets. 

We  present  examples  of  new  applications  within  geophysical  well  logging, 
continuous  geoelectrical  sounding/profiling,  and  3D  helioseismic 
tomography. 


CONSTRUCTION  OF  A  DETAILED  MODEL  OF  GEOLOGICAL  MEDIA 
BASED  ON  SOLVING  A  MULtlPARAMETRICAL  INVERSE  PROBLEM 

A.I.Kobninov.  S.V.Moiseyenkova,  D.V.Kholodilov 

Ukhta  Industrial  Institute,  13  Pervomayskaya  Str.,169400  Ukhta,  Komi  Republic, 
Russia;  Tel/Fax:  +7-82147-36922;  E-mail:  kobmnov@komi.parma.ra 

The  technological  increase  in  the  level  of  complexity  for  inteipretation  of 
geophysical  data  becomes  necessary  for  decisions  involving  difficult  geological 
problems  under  real  conditions  (studying  tectonics  of  fault  zones,  salt  domes,  areas 
of  reefs,  etc.).  Recently,  in  connection  with  rough  development  of  geophysical 
information  technologies  in  the  practice  of  interpretation  of  geophysical  data  (first 
of  all  gravimetry),  the  series  of  new  methods  of  complex  interpretation  with  the 
purpose  of  construction  of  detailed  models  of  geological  media  has  come.  The 
rather  widely  developed  theoretical  apparatus  of  these  methods  (V.N.  Strakhov, 
V.I.Starostenko,  A.I.Kobrunov  and  others)  are  based  on  the  decision  of  an  inverse 
problem  for  multiparametrical  models  of  mediums  with  obligatory  preliminary  a- 
priory  definitions  by  means  of  specially  designed  criterion. 

The  proposed  method  allows  the  constmction  and  study  of  the  detailed  images 
of  the  internal  structure  of  geological  objects  represented  by  geophysical  data  from 
a  variety  of  methods.  Some  methodical  elaborations  and  results  of  automated 
complex  interpretations  of  geophysical  data  for  the  most  typical  geological  models 
ate  submitted.  Forecasting  of  oil  and  gas  accumulation  zones  may  also  be  derived 
from  the  automated  interpretation. 


IVIS-3D  goes  WWW:  how  to  use  offline  rendering  capabilities  for  the 
3D  visualization  in  the  WorldWideWeb 

Christian  Klesper  (1),  S.  Schmidt  (2)  and  H.-J.  Gotze  (2) 

(1)  GeoForschungsZentrum  Potsdam  -  GERMANY,  (2)  Freie  Universitat 
Beriin  -  GERMANY,  e-maii:  geochris@gfz-potsdam.de 

The  overali  acceptance  and  easy  access  of  the  WoridWideWeb  makes  it  to 
an  interesting  media  for  fast  exchange  of  a  wide  range  of  research 
information.  But  unfortunateiy  there  is  no  satisfying  Internet  technique 
available  for  real  interactive  3D  visuaiization  up  to  now.  High  net  traffic  as 
weli  as  siow  internet  senrers  prevent  fast  exchange  of  data,  and  therefore 
siows  down  interaction  with  remote  running  programs. 

Besides  the  exchange  of  VRML  files,  offline  rendering  of  complex  3D 
geometries  may  become  a  soiution  to  eiude  these  probiems.  With  this 
technique  snapshots  of  a  3D  geometries  are  computed  offiine  on  remote 
„visuaiization  servers";  the  resuiting  image-files  will  be  send  via  internet  to 
the  locai  user  afterwards.  For  instance,  offiine  rendering  can  be  used  to 
combine  high  end  visuaiization  and  database  queries,  even  it  the  related 
databases  and  visualization  toois  are  running  on  remote  computers. 

With  the  use  of  MESA,  iViS-3D  (IGMAS  Visualization  in  3D)  now  provides 
this  technique  in  a  test  case  for  the  GRAVIY  RESEARCH  GROUP  of  the 
Freie  Universitat  Berlin. 


To  a  TECHNIQUE  of  AUTOMATED  COMPLEX 
INTERPRETATION  of  GEOPHYSICAL  DATA 

A.I.Kobrunov.  S.V.Moiseyenkova,  D.V.Kholodilov 

Ukhta  Industrial  Institute,  13  Pervomayskaya  Str.,  169400  Ukhta, 

Komi  Repubhe,  Russia 

Tel/Fax:  +7  82147  36922;  E-mail:  kobrunovrrDkomi  parma.m 

The  increase  of  a  technological  level  of  complex  interpretation  of 
geophysical  data  becomes  necessary  at  the  decision  of  difficult 
geological  problems  in  real  conditions  (studying  tectonics  of  fault 
zones,  salt  domes,  areas  of  reefes,  and  etc.). 

Some  methodical  receptions  of  automated  complex  interpretation  of 
geophysical  data  for  the  most  typical  geological  models,  allowing  to 
carry  out  construction  and  study  of  the  detailed  images  of  internal 
structure  of  geological  objects  on  a  complex  of  geophysical  data,  and 
also  forecasting  of  oil  and  gas  accumulation  zones,  are  submitted. 


C25 


COORDINATING  OF  SIMULATED  ANNEALING  ALGORITHM  TO  THE 
TELELESEISMIC  DATA  INVERSION  SEISMIC  SOURCE  STUDY 

P.  Kolar 

Geophysical  Institute,  Academy  of  Science  of  Czech  Republic 
kolar@ig.cas.cz  /  Fax;  +420-2-71761549 

We  performed  inversion  of  teleseismic  data  by  Simulated  Annealing  method 
looking  for  the  source  mechanism,  i.e,  strike,  dip,  rake  (point  source  is  considered), 
the  depth  of  the  source,  the  seismic  moment  and  for  the  STF  (representing  by  1 1 
equidistant  points).  For  the  inversion  we  used  Very  Fast  Simulated  Aimealing 
algorithm.  By  numerical  e.xperiments  performed  for  synthetic  seismograms  as  well 
as  for  the  real  data  we  discovered  that  convergence  and  stability  of  the  inversion  is 
improved  by  following  steps:  1)  we  changed  cooling  scheduler  and  instead  of 
formula  T„  =  To  •exp(K)  we  used  T„  =  T(„.,)*exp(K);  the  values  of  the  control 
parameters  are  set  up  also.  2)  we  restricted  intervals  of  possible  values  of  searching 
parameters:  strike,  dip  and  rake  +/-  12°,  the  depth  +/-5  km,  the  moment  +/-80% 
and  the  values  of  the  STF  0-200%  of  an  unit.  3)  we  did  the  normalisations:  we 
normalised  all  intervals  of  the  parameters  to  be  0-1;  as  the  azimuthal  distribution  of 
the  stations  for  real  data  is  irregular,  we  added  weights  to  the  seismograms  -  the 
weights  are  proportional  to  the  density  of  azimuthal  distribution,  we  normalised 
max.  amplitude  of  seismograms;  we  normalised  value  of  the  cost  function  to  be 
about  the  order  of  an  unit.  Under  all  theses  tunings  and  changing  we  were  able  to 
have  the  best  convergence  of  the  inversion  performed  for  two  real  earthquakes:  (18 
Nov.  1992  in  Greece,  M5.9  and  14  Sep,  1995  in  Mexico,  M7,3) 


LOCAL  ERROR  CORRECTION  TECHNIQUE  FOR  MAGNETIC 
ANOMALIES  INTERPRETATION  IN  UNIX-BASED  OPEN  PRO¬ 
GRAMMING  ENVIRONMENT 
N.  P.  Kostrov  and  A.  N.  Ratushnyak 

Institute  of  Geophysics,  100  Amundsen  Str.,  Ekaterinburg,  620016  Russia. 
rootftnaglab.Bplik.ru/Fax:  [7]  3432  678  872 

We  perform  3-D  anomalous  magnetic  total  force  interpretation  by  means  of 
local  error  correction  technique.  3-D  direct  problem  are  solved  for  this.  Then 
magnetic  properties  of  model  are  adjusted  on  the  base  of  total  force  residual 
field  destroying  and  applying  of  rules  constrained  solutions.  We  use  a  priori 
information  about 

-  possible  physical  processes  of  acquisition  by  rocks  magnetism; 

-  geological  formation  of  region  where  magnetic  anomalies  are  located; 

-  seismological  data  on  the  structure  of  region  under  investigation. 

We  actualized  this  technique  in  our  Unix-based  complex  Maglab.  Maglab  use  X- 
windows  Scilab  tools  as  a  basis  for  visualization,  input,  output,  transformation 
and  interpretation.  Scilab  tools  were  developed  by  Scilab  Group,  INRIA,  France 
(http:/ /www-rocq.inria.fr/scilab) . 

Our  technique  is  suitable  for  various  potential  field.  Maglab  allows  us  to  change 
type  of  potential  field  by  means  of  replacement  of  modules  specific  for  geomag¬ 
netic  field. 


AUTOMATIZED  SYSTEM  OF  3-D  GRAVITY  MODELLING:  THE  MAIN 
PRINCIPLES  AND  SOFTWARE 

O.V.Legostaeva.  V.I.Starostenko,  T.P.Yegorova  (Inst,  of  Geophysics,  Nat.  Acad. 
Sci.  of  Ukraine,  E-mail:  root@igpnanu.  kiev.ua) 

1.  The  automatized  system  of  solution  3-D  direct  gravity  problems  consists  from 
two  main  blocks:  1)  automatic  inputting  in  computer  geophysical  maps’  image  with 
help  of  scanner  and  constmct  of  their  digital  models  and  2)  solution  of  direct 
gravity  problems  for  3-D  heterogeneous  bodies. 

2.  The  procedure,  algorithms  and  software  of  automatic  inputting  of  data  in 
computer  are  presented.  Algorithm  for  constructing  the  digital  model  of  map  on  its 
image  is  offered.  The  efficiency  of  elaborated  algorithms  (set  of  programs)  is 
demonstrated  on  model  and  practical  tests. 

3.  The  solution  of  direct  gravity  problems  for  rectangular  vertical  prism  with 
arbitrary  arranger  upper  and  lower  bases  is  given.  The  prism's  density:  I)  is 
changed  according  to  the  linear  law  along  the  horizontal  co-ordinates  on  the  bases 
and  to  the  exponential  law  along  the  any  vertical  line:  2)  is  assumed  given  values  at 
the  apexes  of  the  prism. 

4.  The  results  of  successful  practical  application  of  system  are  given.  The  examples 
include  materials  for  different  geological  and  geophysical  situations.  First  of  all 
system  is  very  convenient  for  sedimentary  basin  modelling  and  for  carrying  out 
marine  geophysical  investigations. 


MATHEMATICAL  PHYSICS  ENCIMA:  BENDING  SNELL’S 
RAYS  OU  STRAIGHT  TRAJECTORIES 

Dan  Riiyinoad  and  tJcvcrty  Sacklcr  Faculty  of  Exact  ^Icacci. 

Dcpartn^cnt  of  Geophysics  and  Planetary  Sciences.  Tcl  Aviv  University,  Tel  Aviv 
Israel  dauloffljjupilcfl.iau.ac.ll/FiVX  i972-3-640*92t}2. 

While  working  on  a  simple  procedure  for  solving  Uic  wave  equation  in  a  stratified 
scisino-aeoustie  medium  in  the  time-space  domain.  Uic  following  new  ohservation 
was  gained  in  the  following  manner;  It  is  well  known  that  for  solving  the  strictly 
ID  wave  cqualion  it  is  advnnLigcoiis  to  quantisize  the  depth  into  equal  travel  time 
sublayers,  'litis  allows  a  rational  polynomial,  impcd.ince  type  cl(jscd  form  solution. 
'Tins  solution  includes  all  multiples  due  lo  the  feedback  struclurc  of  this  procedure. 
Extension  of  lliis  idea  lo  Ihe  1.50  and  2.5D  problems  (i.u.  (he  model  is  still 
hori/ontally  siraiincd  but  the  source  is  not  a  normal  piano  wave,  but  a  line  source 
or  a  point  source,  respectively)  has  Itccn  pciformed.  In  order  lo  adhere  to  the  equal 
travel  time  sublayers,  we  may  .adjiiil  the  thickness  or  the  propagation  velocities  so 
as  to  stretch  Snell's  bended  ray  Into  ft  straight  trajectory,  wlihotn  affectiug  at  nit  the 
resulting  pressure  and  particle  velocities  seismograms.  Unlike  a.symptotlc  ray 
theory  which  is  a  high  frequency  approximation,  the  straight  lrnjeclonc.s  algorithm 
yields  the  full  correct  amplimdc  xci.sinograms.  This  poses  the  question  if  one  could 
accqvi  the  more  appealing  straight  trajectories  concept  in  favour  of  bending  rays? 
The  straight  trajectory  Idea  is  more  appealing  than  rays  also  duo  to  the  fact  that  it 
docs  not  occc.ssarily  need  involvement  of  wave  fronts,  while  rays  tire  defined  ftS 
nonmi  to  them.  Further  the  sourte(s)  may  be  !ix*kcd  at  as  entitling  panicles  which 
ii.iiiir.iliy  move  along  straight  irajeciorics.  Thus  the  dichotomy  between  waves  and 
panicles  may  be  explained  by  this  novel  straight  trajectories  theory.  This  may  lead 
to  n  new  foundaiiuu  of  quanluin  incchanies 


CALCULATING  THE  RESOLUTION  AND  THE  COVARIANCE 
MATRIX  WITHOUT  USING  SINGULAR  VALUE  DECOMPOSI¬ 
TION 

R.  Montelli  (1),  G.  Nolet  (1,2)  and  J.  V'irieux  (1) 

(1)  UMR  Geosciences  Azut,  Sophia  Antipolis,  Valbonne,  France,  (2)  Depart¬ 
ment  of  Geosciences,  Princeton  University,  Princeton,  New  Jersey. 
montelliOfaille.unice.fr/Fax:  [33]  4  93  65  27  17 

For  large  tomographic  inversion  Ax=b  it  is  still  problematic  to  compute  the 
resolution  or  a  posteriori  covariance,  which,  for  a  generalized  inverse  A"  are 
given  by  R=A-A  and  C,=A-Cs(A-)’',  respectively.  We  have  developed  a 
simple  backprojection  approach  to  calculate  an  approximate  A"  for  large  to¬ 
mographic  problems.  We  have  verified  that  our  solution  is  a  good  inverse  as 
it  satisfies  the  two  Penrose’s  conditions.  We  use  this  approximate  inverse  to 
compute  the  resolution  and  covariance  matrix.  We  compare  the  approximate 
R  and  C  with  the  exact  ones  obtained  using  singular  value  decomposition  for 
a  medium-size  problem.  'We  show  the  results  of  this  comparison  and  the  re¬ 
sults  of  a  statistical  analysis  of  the  errors  in  our  approximation  for  two  realistic 
tomographic  inversion  in  the  western  and  eastern  United  States. 


VELOCITY  STRUCTURE  OF  CRUST  A.ND  UPPER  M.LNTLE  BESE.VTH 
THE  B.LIKAL  RIFT  AND  ITS  SURROUNDINGS 

Mordvinova  V.  V.*.  Kosarev  G.  L.**. 

•  Institute  of  Earth  Crust,  R.AS.  Irkutsk.  Russia,  e-mail:  san(acora. irkutsk.su 
••United  Institute  of  Earth  Physics,  RAS,  Moscow,  Russia,  e-mail; 
kosarevl&synapse.ru 

Velocity  structure  of  the  crust  and  uppermost  mantle  beneath  the  Baikal  rift  and  its 
surroundings  has  been  imaged  due  lo  inversion  of  teleseismic  data  from  30  digital 
seismographs  deployed  along  a  1000  km  profile  traversing  the  rift  in  the  SE 
direction.  The  inversion  algorithm  was  based  on  the  matrix  method  for  theoretical 
seismograms  and  the  Tikhonov's  regularization  method  for  ill-posed  problems. 
Seismic  records  were  processed  by  the  converted  wave  receiver  function  method  of 
L.Vinnik  and  G. Kosarev.  In  the  P-wave  secondary  field.  Ps-  waves,  generated  at 
seismic  interfaces  within  10  to  30  km  far  from  the  seismographs,  w  ere  best 
informative.  They  were  selected  due  to  projection  of  three-component  seismograms 
onto  the  SV  axis.  To  eliminate  source  efTecis.  each  SV  component  w-a.s 
deconvolved  with  the  P  one.  and  their  subsequent  summation  helped  to  suppress 
incoherent  noise.  P-  and  S-wave  velocity  profiles  were  obtained  through  insersion 
of  the  SV  traces  separately  for  each  seismograph.  The  resulting  model  show  ed  the 
presence  of  a  low-velocity  layer  beneath  nearly  all  the  stations  at  depths  ranging 
from  5  to  20  km  and  abrupt  crustal  thickening  south-east  of  Lake  Baikal  {43-49 
against  33  km),  associated  with  markedly  lower  S-wave  velocities  in  the  uppermost 
mantle  (4.2  against  4.6  km’s).  This  setting  is,  in  general,  similar  to  that  obsen  ed  in 
other  continental  rifts. 

Grant  of  RFBR  N  96-05-65286. 
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SEISMIC  EVENTS  DISCRIMINATION  BY  A  NEURO-FUZZY 
MERGING  OF  INCOMPLETE  DATA 

S.  Muller  (1,2,3),  J.-F.  Legrand  (1),  P..  Garda  (2),  J.-D.  Muller  (1),  Y. 
Cans!  (1)  and  R.  Crusem  (1) 

(1)  Commissariat  a  I’Energie  Atomique,  F-91680  Bruyeres-le-Chatel,  France, 

(2)  Universite  Pierre  et  Marie  Curie,  F-75252  Paris,  France,  (3)  Laboratoires 
d’Electronique  Philips,  F-94493  Limeil-  Brevannes,  France. 
mullerst®bruy eras. caa.tr/Fax:  [+33]  1  69  26  70  53 

We  present  an  original  method  for  the  classification  of  regional  seismic  events 
recorded  in  France  by  an  array  of  42  seismometers.  Three  types  of  events  are 
discriminated:  earthquakes,  explosions  and  rock  bursts.  The  approach  is  based 
on  a  merging  of  low-level  data  extracted  from  the  seismic  signals  provided  by 
the  three  nearest  stations  and  high-level  data  deduced  by  an  inversion  pro¬ 
gram  developed  by  the  CEA  seismologists.  The  data  merging  is  performed  by 
means  of  an  artificial  neural  network.  A  fuzzy  coding  taking  incomplete  data 
into  account  is  applied  to  the  23  inputs  of  the  neural  network.  Each  event 
is  represented  by  a  possible  incomplete  vector  of  five  high-level  characteris¬ 
tics  (the  date  and  the  hour  of  the  event,  the  latitude  and  the  longitude  of  its 
epicenter,  and  its  magnitude)  and  low-level  characteristics  (cepstrum,  power 
spectral  density  and  propagation  time  measurements).  The  results  obtained 
on  a  database  composed  of  all  the  505  seismic  events  recorded  between  Au¬ 
gust  23'"^  and  September  12‘^,  1993  show  that  the  fuzzy  coding  coupled  with 
the  data  merging  increases  the  performance  of  correct  classification  up  to  more 
than  90%  even  when  the  database  includes  missing  values. 


THE  INVERSE  PROBLEM  FOR  MANTLE  VISCOSITY:  NEW  RESULTS 
BASED  UPON  JOINT  INVERSION  OF  GLACIAL  ISOSTATIC 
ADJUSTMENT  DATA 

W.R.  Peltier  (Department  of  Physics,  University  of  Toronto,  Toronto,  Ontario, 
Canada  M5S  1A7;  peItier@atmosp.physics.utoronto.ca/Fax:  1-416-978-8905) 

The  depth  variation  of  viscosity  in  Earth’s  mantle  is  critical  to  understanding  the 
efficiency  of  mixing  and  radial  heat  transport.  Although  viscosity  may  be  inferred 
on  the  basis  of  data  related  to  the  convection  process  itself,  such  as  non-hydrostatic 
geoid  anomalies,  inferences  based  upon  the  internal  loading  formalism  that  employs 
results  of  global  seismic  tomography  to  make  theoretical  predictions  of  these 
observations  delivers  results  for  the  viscosity  structure  that  are  highly  non-robust. 
The  Edition  of  seismically  undetectable  additional  heterogeneity  to  the  model  may 
lead  to  radical  differences  in  the  inferred  viscosity  structure.  Although  inferences 
based  upon  glacial  isostatic  adjustment  (GIA)  observations  are  certainly  not  unique, 
they  appear  not  to  be  nearly  so  sensitive  to  minor  variations  of  the  surface  ice-sheet 
load  whose  removal  forces  adjustment  to  occur.  I  will  describe  a  new  series  of 
Bayesian  inversions  of  a  wide  range  of  GIA  data  that  include  the  relaxation 
spectrum  for  the  postglacial  rebound  of  Fennoscandia,  a  very  large  number  of  site 
specific  relaxation  times  from  both  Fennoscandia  and  Canada  and  two  anomalies 
in  Earth’s  current  rotational  state.  The  models  delivered  by  this  formal  procedure 
differ  radically  from  those  recently  advocated  on  the  basis  of  non-hydrostatic  geoid 
anomalies.  I  will  discuss  these  differences  in  detail. 
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JOINT  GRAVIMETRIC  AND  WIDE-ANGLE  SEISMIC  INVERSION  FOR  CRUSTAL 
MODELLING  WITH  APPLICATION  TO  THE  CENTRAL  GRABEN,  NORTH  SEA. 

L.  Nielsen.  B.  H.  Jacobsen  and  N.  Balling 

Department  of  Earth  Sciences,  Geophysical  Laboratory,  University  of  Aarhus, 
Finlandsgade  8,  8200  Aarhus N,  DK,  email:  ln@geol.aau.dk,  fax:  +4586101003 

A  least  squares  scheme  for  estimating  2-D  Integrated  crustal  velocity-density  models 
by  joint  inversion  of  wide-angle  seismic  travel  time  data  and  gravity  data  is 
presented.  During  inversion  we  assume  some  relationship  between  seismic  P-wave 
velocity  and  density,  and  we  use  this  relationship  to  produce  a  priori  data  which 
constrain  how  velocities  and  densities  should  be  linked.  Simultaneously,  the 
inversion  optimizes  the  solution  with  respect  to  these  a  priori  data  as  well  as  to  the 
observed  gravimetric  anomalies  and  seismic  travel  times.  Working  with  integrated 
wide-angle  seismic  and  gravimetric  modelling  one  will  note  that  considerable 
scatters  exist  on  commonly  used  relations  which  link  P-wave  velocity  and  density. 
We  take  the  amplitude  of  such  scatters  into  account  by  specifying  large  or  small 
uncertainties  on  the  a  priori  data  expressing  the  link  between  densities  and 
velocities. 

The  behavior  and  performance  of  the  inverse  scheme  is  tested  in  some  simple 
synthetic  test  examples.  We  illustrate  how  the  estimated  integrated  velocity-density 
models  depend  on  seismic  ray  coverage,  the  presence  of  gravity  data  and  the 
uncertainties  in  the  velocity-density  relationship.  Finally,  we  present  an  integrated 
velocity-density  model  along  a  profile  across  the  Central  Graben,  North  Sea. 


NUMERICAL  MODELLING  OP  T-WAVE  PROPAGATION 

P-F.  Piserchia^.  D.  Rodrigues^  J.  Virieux^,  S.  Gaffet^,  G.  Lambare® 

^  Laboratoire  De  Geophysique,  91680  Bruyeres-Le-Chatel,  France,  fax  :  33  (0)1 
69  26  70  23,  ^  Geosciences  Azur,  06560  Valbonne,  fax  :  33  (0)4  93  95  27  17,  ^ 
^ole  des  Mines,  77305  Fontainebleau,  fax  :  33  (0)1  64  69  49  35',  France. 

Strong  T-waves,  referred  to  a  third  arrival  on  seismic  waves,  are  commonly 
recorded  on  coastal  stations,  at  distance  greater  than  1000  km,  after  an  oceanic 
earthquake  or  an  underwater  explosion  occurs.  Many  insights  could  be  provided 
by  these  records,  once  they  could  be  interpreted.  We  propose  a  new  hybrid 
numerical  scheme,  combining  in  a  single  approach  two  powerful  techniques,  a 
ray  tracing  method  completed  by  the  Maslov  summation  and  a  finite  difference 
scheme,  which  allows  us  to  model  T-wave  underwater  propagation  and  on-Iand 
conversion,  including  complex  interactions  with  obstacles.  In  our  modelling, 
before  the  T-waves  arrive  in  front  of  an  obstacle  such  as  a  continental  shelf,  an 
island  shore  or  a  sea-mount,  the  propagation  is  resumed  on  a  vertical  artificial 
boundary  and  the  hydroacoustic  wave  field  is  considered  as  the  input  for  a 
finite  difference  method.  Records  of  the  (1989)  Midplate  experiment  released 
in  the  South  Pacific  have  been  used  to  demonstrate  that  our  hybrid  method  is 
particularly  relevant  for  studying  T-wave  underwater  and  on-land  propagation. 
Synthetic  seismograms  computed  by  this  method  are  close  enough  to  the  real 
data  for  quantitative  interpretation.  The  simulation  shows  that  the  seismic  T- 
wave  duration  is  often  linked  to  the  source  depth,  although  other  factors  (e.p. 
the  geological  structure)  may  also  affect  the  signal  duration. 


THE  REGIONAL  COMPONENT  OF  THE  GRAVITATIONAL  FIELD 
INVESTIGATION  FOR  THE  URALS  AND  ADJACENT  PLATFORMS. 

F.I.  Nikonova 

Institute  of  Geophysics,  Ural  Branch  of  Russian  Academy  of  Science. 
E-mail:pmart@igeoph.mplik.ru 

The  new  technique  for  thedistinquishlngofgravimetrical  fields' regional  component 
has  been  considered  while  the  deep  density  Earth  crust  models  constructing  using  the 
profile  data  for  the  super  long  geolraverses.  The  suggested  technique  is  based  on  the 
principal  results  of  the  theory  of  equivalent  solutions  for  the  inverse  potential 
fields'  problem.  The  regional  component  for  the  gravimetrical  field  has  been  obtained 
foranumberoflaitidudional  geotraverses  crossing  the  Southern  Urals  and  adjacent 
platforms.  The  length  of  these  geotraverses  1200-1500  km.  The  gravitational  data  for 
geotraverse  "Granit"  with  the  length  3700  km  were  also  under  investigation.  The 
main  feature  of  the  obtained  regional  fields  is  the^oteable  decreasing  (minimum)  of 
these  fields  above  the  main  Urals  structures  in' comparison  with  the  neighbouring 
platforms.  The  length  of  this  negative  anomaly  is  about  350  km  and  it  can  be  traced 
for  all  geotraverses  on  the  Southern  Urals  and  for  the  geotraverse  "Granit”  as  well. 
•(This  fact  seams  to  be  interesting  because  the  absolute  maximum  of  the  field  for  all 
the  investigated  geotraverses  is  situated  above  the  Urals  structures.  The  obtained 
long-wave  negative  component  of  the  gravitational  fields  for  the  Urals  should  be 
taken  into  account  while  deep  density  models'  constructing.' 


NEW  TWO  STAGE  APPROACH  FOR  3D  POTENTIAL  FIELD  DATA 
IN\'ERSION 

I.L.Prutkin  (Institute  of  Geophysics,  Ural  Div.  of  Russian  Acad.ScL,  Ekaterinburg. 
Russia,  e-mail:  prutkin@igeoph.mplik,ru) 

The  preliminary  condition  for  joint  inversion  is,from  the  author  viewpoint,  to  solve 
every  inverse  problem  in  the  best  way,  that  is  with  taking  into  account  the 
non-uniqueness  of  the  solution  and  for  3D  objects  of  arbitrary  shape.  For  the 
interpretation  of  gravity  or  magnetics  data  two  stage  approach  has  been  invented. 
On  the  first  stage  the  observed  field  is  approximated  by  the  field  of  several 
elementary  sources.  We  use  the  new  source  -  homogeneously  magnetized  magnetic 
rod  or  gravitational  rod.  Very  few  of  these  sources  would  be  enough  to  approximate 
quite  complex  observed  field,  On  the  second  stage  we  construct  a  restricted  body  or 
a  contact  surface  with  the  same  field  as  the  field  of  a  given  set  of  the  rods.  On  this 
stage  we  are  able  to  study  different  variants  of  geological  section  to  take  into  account 
the  non-uniqueness  of  the  inverse  problem.  Two  case  histories  demonstrate  the 
facilities  of  our  approach.  3D  relief  of  the  upper  boundary  of  pre-jurassic  rocks  was 
found  using  square  gravity  data  maiiily.  Subsequent  comparison  of  the  relief  obtained 
with  the  position  of  the  boundary  according  to'the  seismic  profile,  unknown  for  the 
author  beforehand,  has  revealed  their  quite  satisfactory  coincidence.The  volume  model 
of  Kendykly  granitoid  massif  has  been  constructed.  3D  geometry  of  the  diorite  core 
in  the  granite  block  has  been  recovered,  which  lower  boundary  was  expected  to  be 
a  melallotect. 


C27 


METHODICAL  PROBLEMS  AND  TECHNIQUES  OF 
RECONSTRUCTION  OF  TECTONIC  STRESSES  AND 
SEISMOTECTONIC  DEFORMATIONS  USING  THE  SLIP  FAULT 
ANALYSIS 

Yuri  Rebetskv.  (UIPE  RAS,  Moscow,  Russia,  E-mail:  reb@uipe- 
ras.scgis.ru) 

The  new  method  of  deformation  process  parameter  reconstmction 
by  analysis  of  structure-kinematics  data  about  faults  (SKDF)  is 
offered.  The  method  of  ‘cataclastic  analysis’  permits  to  reconstmct 
the  teirsor  parameters  not  only  of  tectonic  stresses  but 
seismotectonic  defomiations  also.  The  method  is  based  on  the 
principles  of  modem  theory  of  work-hardening  plastic  solid  that 
was  expended  for  the  deformation  process  into  a  faulted  medium. 
The  main  procedure  of  the  method  is  the  creation  of  a 
homogeneous  sample  of  faults.  To  execute  this  procedure,  the 
compatibility  of  SKDF  is  checked  by  nonequality  system  that 
demands  positive  dissipation  of  mechanic  energy  for  tme  stress 
tensor.  In  the  framework  of  the  computer  program  of  stress- 
monitoring,  the  technique  of  2D  graphical  analysis  of  nonequality 
system  on  the  sphere  surface  was  used  to  check  the  SKDF 
homogeneous.  The  computer  program  shows  the  process  of 
graphical  data  calculation  during  creation  of  the  SKDF 
homogeneous  .sample  and  the  maps  of  the  principal  stress  axes  on 
the  computer  monitor.  The  results  of  this  method  implication  and 
the  reconstmction  technique  of  the  recent  stress  state  of  South 
East  Asia  and  Oceanian  is  illustrated. 


A  DENSITY  MODEL  OF  ANDEAN  SUBDUCTION  ZONE 

T.Romanvuk  (IPE.  B.Grazin.lO,  Moscow  123  810,  Russia;  t.romanyuk@relcom.m) 

R-J.Goelze  (Freic  Univ.,  Malterslr.  74-100,  N,  12249  Berlin,  Germany) 

Several  different  geodynamic  models  have  been  proposed  to  outline  the  evolution  of 
Andean  lithosphere  and  to  emiain  the  nature  of  the  thickened  continental  crast.  We 
tested  by  density  modeling  (2D  profile  along  21° s)  the  following  version: 

1.  The  upper  emst  of  the  Ands  is  a  long-range  mostly  Ordovician  and  Devonian 
back-arc  sedimentary  marine  basin,  which  was  affected  by  episodic  orogenesis  and 
riftings  between  Miocene  and  Ordovician,  and  also  by  magmas  of  the  volcanic  arc. 
Now  the  upper  emst  layer  has  shape  of  a  lens,  thickening  up  to  (20-25)  km  beneath 
the  Cordillera  mountain  belt  and  edging  near  the  coast  and  Subandean  thmst. 

2.  A  part  of  this  basin  between  the  coast  and  Western  Cordillera  was  underthrusted 
by  a  complex  of  island  volcanic  are,  presumably  in  the  Late  Jurassic. 

3.  Beginning  from  the  Miocene,  the  crust  beneath  Eastern  Cordillera  and  Subandean 
ranges  has  reen  thickening  by  underthmsting  of  the  Brazilian  craton  crust.  A  whole 
length  of  crustal  doublication  by  this  manner  is  estimated  not  less  -300  km. 

4.  A  seismic  Moho  has  not  observed  beneath  the  Plateu  Altiplano  and  present-day 
volcanic  arc  Western  Cordillera.  The  lower  emst  and  uppermost  mantle  here  are 
uiritnown  nature,  but  the  material  must  have  been  strongly  affected  by  magmas  and 
reworked  by  metamorphism  and  tectonics.  The  approximative  depth  (-70  km)  of 
quartz-coesite  transformation  is  addopted  as  a  conventional  crust/mantle  boundary. 

Model  of  cnistal  and  mantle  density  down  to  670  km  depth  was  produced  with 
linear  gravity  inversion  tecnique.  Densities  were  constrained  where  possible  by 
borehole  and  seismic  velocities  data,  and  petrological  arguments.  We  assumed  also 
that  the  lithosphere  is  close  to  isostatic  equilibrium  in  the  deep  ocean  and  east  of  the 
volcanic  arc.  Density  modeling  showed  that  the  geodynamic  model  agrees  to  the 
obrerved  gravity  field.  No  marked  horisontal  density  homogeneities  were  obtained 
in  the  lower  emst  beneath  Western  Cordillera  and  Altiplano;  the  average  density 
here  was  determined  higher  of  -0.1  g/cem.  than  the  lower  cmstal  density  of  the 
Brazilian  craton.  A  intermediate  cmst/mantle  density  (-3.2  g/eem)  was  obtained  in 
tlm  mantle  edge. 


INTEGRATION  OF  DATA  CONSTRAINTS  AND  POTENTIAL  FIELD 
MODELLING  -  AN  EXAMPLE  FROM  SOUTHERN  LOWER  SAXONY 

S.  Schmidt  and  H.-J.  Gdtze 

Fachrichtung  Geophysik,  Freie  Universitat  Berlin,  D-12249  Berlin 

Huee-dunensional  (3-D)  interactive  geophysical  modelling  permits  integrated 
processing  and  interpretation  of  potential  field  data,  yielding  an  improved 
geologic  interpretatioo.  Generally  3-D  mrxiels  are  constructed  by  triangulated 
polyhedra  arid  constant  density  and/or  induced  and  remanent  susceptibility. 
Interactive  modification  of  model  parameters  (geometry,  density,  susceptibili¬ 
ty),  access  to  the  numerical  milling  process  and  direct  visualization  of 
both,  calculated  and  measured  fields  of  gravity  and  magnetics,  enable  the 
interpreter  to  design  fire  model  as  realistic  as  possible  (Trial  and  error’  me¬ 
thod). 

The  data  base  which  is  available  in  a  reasonable  large  area  in  the  southern 
part  of  the  northwest  Germany  basin  consists  of  borehole  data,  vertical 
seismic  cross-sections  and  depths  information  fi-om  seismic  reflection  re¬ 
search.  The  3D  model  geometry  was  compiled  on  base  of  these  data  after 
proving  the  structural  (geological)  consistency.  The  modelling  method  is 
embedded  in  an  interoperable  Geoinfbrmation  System  GOGIS)  t^ch  was 
built  on  top  of  an  object-oriented  database  management. 


IRREGULAR  CELL  PARAMETERIZATION  OF  TOMOGRA¬ 
PHIC  PROBLEMS 
W.  Spakman  and  H.  Bijwaard 

Vening  Meinesz  Research  School  of  Geodynamics  (VMSG),  Faculty  of  Earth 
Sciences,  Utrecht  University,  PO  Box  80021,  3508  TA,  Utrecht,  Netherlands. 
We  have  developed  theory  and  algorithms  for  the  construction  of  highly  irreg¬ 
ular  cell  parameterizations  of  tomographic  problems.  The  forward  problem  is 
defined  on  a  regular  basic  grid  of  small  non-overlapping  cells.  We  construct 
an  irregular  grid  of  non-overlapping  cells  using  basic  cells  as  building  blocks. 
The  algorithms  deveioped  for  the  construction  are  not  computationally  inten¬ 
sive  and  not  particularly  complex,  and,  in  general,  allow  for  the  construction 
of  cell  models  in  which  ceil  size  is  constrained  by  scalar  functions,  such  as  cell 
hit  count.  The  link  between  a  particular  cell  j  in  the  regular  basic  grid  and 
its  host  cell  k  in  the  irregular  grid  can  be  stored  in  a  simple  pointer  array. 
The  pointer  array  is  the  pivot  of  our  implementation  of  irregular  cell  models. 
The  matrix  system  of  tomographic  equations  is  first  computed  efficiently  on 
the  regular  basic  cell  model.  This  computation  is  performed  only  once.  Next, 
this  basic  matrix  equation  is  rriapped,  using  the  pointer  array,  onto  a  new  ma¬ 
trix  equation  in  which  the  model  vector  relates  directly  to  cells  in  the  irregular 
model,  after  which  the  latter  can  be  solved  on  the  irregular  grid.  A  great  reduc¬ 
tion  of  model  parameters  is  obtained  in  volumes  poorly  sampled  by  the  data 
while  retaining  the  power  for  resolving  the  smallest  scales  warranted  by  the 
data.  Overparameterization  of  the  model  space  is  avoided,  and  the  reduction 
in  model  parameters  potentially  leads  to  a  better  conditioned  inverse  problem. 


A  NOVEL  METHOD  FOR  THE  INVERSION  OF  RELATIVE  DIS¬ 
PLACEMENT  DATA:  JOINT  ESTIMATION  OF  CONTINUOUS 
CRUSTAL  DEFORMATION  AND  FAULT  SLIP 

W.  Spakman  (1)  and  M.  Nyst  (1,2) 

(1)  Vening  Meinesz  Research  School  of  Geodynamics  (VMSG),  Faculty  of  Earth 
Sciences,  Utrecht  University,  PO  Box  80021,  3508  TA,  Utrecht,  (2)  Delft  Insti¬ 
tute  for  Earth-Oriented  Space  Research  (DEOS),  Delft  University  of  Technol¬ 
ogy,  Kluyverweg  1,  2629  HS,  Delft. 

W'e  present  a  new  inversion  method  for  the  estimation  of  2-D  or  3-D  crustal 
deformation  from  relative  displacement  data  (obtained  e.g.  from  GPS  or  SAR 
interferometry).  The  inversion  solves  simultaneously  for  the  deformation  gra¬ 
dient  field  (DGF)  and  for  slip  vectors  on  active  faults.  The  DGF  is  parame¬ 
terized  by  triangulation  of  the  study  region  with  the  constraint  that  triangles 
do  not  cross  faults.  In  each  triangle,  linear  behaviour  of  the  DGF  (quadratic 
displacement)  is  assumed.  Fault  geometry  is  parameterized  as  sequences  of  line 
segments  on  which  fault  slip  functions  (e.g.  step,  linear,  or  spline)  are  defined. 
The  forward  equations  are  based  on  a  line  integration  approach  in  which  the 
relative  displacement  between  any  two  observation  points  results  from  (1)  the 
integration,  along  some  connecting  path,  of  the  piecewise  continuous  DGF,  and 

(2)  the  sum  of  all  discrete  fault  slips  acquired  along  the  integration  path.  By 
connecting  all  observation  points  by  one  or  more  integration  paths  a  system 
of  linear  equations  is  set  up  for  inversion.  As  extra  constraint  is  used  that  the 
curl  of  DGF  is  zero.  The  method  is  purely  kinematic  and  is  kept  independent 
of  any  a  priori  dynamic  model  of  continuous  deformation  or  fault  behaviour. 

INTEGRAL  EQUATION  FOR  A  3D  POTENTIAL  INVERSION  PROBLEM 

l.E.Srepanova 

Joint  Institute  of  Physics  of  the  Earth,  B.  Crusinskaya  10.  I238I0  Moscow.  Russia 

The  practical  problems  of  gravity  and  magnetic  prospecting  are  often  solved  by  the 
methods  of  interpretation  of  gravity  and  magnetic  anomalies  (V.N.Strakhov,  V.l. 
Starostenko.  D.Zidarov  and  others).  The  related  potential  inversion  problems  have 
been  studied  in  many  works.  More  interesting  are  those  that  can  be  solved  in  a 
closed  form.  V.K. Ivanov  showed  that  a  2D  problem  of  determination  of  mass 
carriers  can  be  solved  in  a  finite  form  if  a  given  external  potential  satisfies  certain 
conditions.  According  to  Ivanov,  a  problem  is  considered  to  be  solvable  in  finite 
form  if  a  boundary  of  a  sought-for  domain  D  is  specified  with  a  finite  number  of 
parameters,  which  can  be  found  from  a  finite  system  of  equations  constructed  from 
a  known  potential  or  other  field  element. 

Many  authors  (e.,g..  M.S.Zhdanov.  A.T.Tsirul'skii.  G.A.Troshkov)  tried  to  apply 
the  methods  developed  for  solving  2D  inverse  problems  to  the  case  of  3D  problems. 
The  method  presented  in  this  topic  for  the  solution  of  3D  nonlinear  inverse 
problems  is  a  generalization  of  Ivanov's  approach.  Domains  of  certain  class  (so 
called  "basis  cylinders"  and  their  set)  make  it  possible  to  derive  3D  integral 
potential  equation  that  is  applicable  to  solving  inverse  problems . 

The  introduction  of  new  independent  variables  <3  =  X+iy  ,  <3  -  X-iy  allows  us 
to  apply  the  complex  variable  theory  methods  to  the  solution  of  3D  inverse 
problems.  In  this  work,  the  inverse  problem  is  formulated  both  for  a  3D  ''basis" 
cylinder  and  for  domains  that  can  be  represented  by  a  finite  union  of  basis 
cylinders. 
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THE  INTEGRAL  REPRESENTATION  METHOD  AT  THE  SOLUTION  OF 
3D  INVERSE  PROBLEMS  IN  GRAVIMETRY  AND  MAGNETOMETRY 

Strakhov  V.N.,  I. E. Stepanova.  Strakhov  A.V.,  Grichuk  L.V. 

Joint  Institute  of  Physics  of  the  Earth,  B.  Gruzinskaya  10,  123810  Moscow,  Russia 

1.  The  integral  representation  method  was  designed  by  Beikus  and  Gilbert.  This 
method  has  to  substutude,  in  the  opinion  of  the  authors  of  this  report,  the  integral 
equation  method,  because  only  the  first  one  is  adequate  to  the  real  geophysical 
practice,  when  only  a  finite  set  of  experimental  data  is  given, which  contains  the 
information  about  anomalous  field  elements. 

2.  We  represent  the  experimental  data  in  the  following  form: 

j  ^  +  5^  ,  where  fj  Is  the  value  of  the  useful  signal  and  8^  is  the  value  of 
the  noise.  We  suppose, that  the  useful  signal  can  be  expressed  by  the  formula: 

l  =  i  jK,(x,p,(x))dn,(x), 

'=1  H, 

where  K,(x,y)  is  the  given  function,  M,  isthe  given  manifold  in  is 

the  given  measure.  The  functions  pr(x),r  =  1,..., Rare  to  be  found. 

3.  The  simplest  case  takes  place,  when  we  solve  the  linear  inverse  problems, 
especially  when  the  spatial  distributions  of  the  anomalous  fields  are  to  be 
determined.  The  sought-for  functions  are  the  solutions  of  the  related  variational 
problem.  Some  modifications  of  the  method  described  above  have  been  realized 
in  computer  programms.  Some  results  of  the  mathematical  experiment  are 
reported. 


SOME  TECHNICAL  DETAILS  CONCERNING  A  NEW  METHOD  OF 
JOINT  GRAVIMETRIC-SEIMIC  INVERSION 
G.  Strykowski  (National  Survey  and  Cadastre,  Reniemestervej  8,  DK-2400, 
Copenhagen  NV,  Denmark) 


Abstract:  The  fundamental  problem  of  joint  gravimetric-seismic  modelling  Is,  that  the 
information  about  the  object(s)  of  inversion,  which  is  contained  in  surface  data  (gravity, 
seismics),  is  insufficient  to  unambiguously  determine  the  geometrical  shape  of  these 
object(s).  One  factor  causing  this  “insufficiency  of  information”  is  the  imperfection  of 
the  available  data  (both  the  spatial  distribution  and  the  measurement  errors).  Another 
factor  is  the  uncertainty  in  how  to  couple  the  two  types  of  data.  (Are  the  seismic 
reflectors  always  associated  with  the  mass  density  contrasts?  What  are  these  contrasts? 
Surface  gravity  data  may  contain  contributions  generated  in  depths  below  the 
penetration  depth  of  seismograms.  How  to  describe  this  inconsistency  mathematically? 
The  seismograms  are  measured  in  profiles,  while  gravity  data  have  aerial  coverage.) 
Finally,  it  can  be  shown  that  the  mapping  from  the  source  to  the  surface  signal  (e.g. 
Newton’s  law)  is  associated  with  the  “loss  of  information”.  (This  is  the  reason  why  the 
inverse  geophysical  problems  are  often  mathematically  ill-posed.) 

Consequently,  the  usual  mathematical  assumptions  ensuring  the  uniqueness  of  the 
solution  (the  choice  of  a  solution  space,  the  choice  of  error  statistics,  the  choice  of 
minimization  principle)  will  not  automatically  ensure  that  the  solution  is  a  good 
approximation  to  the  (existing)  true  physical  conditions  in  the  subsurface.  This  requires 
inclusion  of  (independent)  additional  information,  e.g.  obtained  by  other  geophysical 
methods.  However,  the  remaining  pitfalls  are  the  first  two  factors  mentioned  above. 

In  this  contribution  it  is  discussed  how  the  above  general  considerations  can  be 
implemented  in  practical  modelling.  This  is  illustrated  by  discussing  some  technical 
details  implemented  in  a  newly  developed  joint  gravimetric-seismic  inversion  method 
which  was  used  in  modelling  of  Silkeborg  intrusion  in  Jutland  (Denmark). 
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EGS4  Space  techniques  for  acquisition  of 
aeronomic-ionospheric  data  in  the  lower 
thermosphere 

Convener:  Laneve,  G. 

Co-Convener:  Herrero,  F.A. 


Sponsorship:  CRPSM  (Centro  di  Ricerca  Progetto  San  Marco) 


SOME  PURPOSES  AND  METHODS  OF  THE  SATELLITE 
MEASUREMENTS  OF  THE  IGNOROSPHERIC  RESPONSE  ON 
THE  SOLAR  FLARES 

S.V.  Avakyan  (Aerospace  Physical  Optics  Laboratory  of  S.I.  Vavilov 
State  Optical  Institute,  199034,  St.  Petersburg,  Birgevaya  12,  Russia) 

The  most  intensive  response  on  the  solar  flares  takes  place  at  the 
altitudes  near  100  km.  The  response  consists  in  the  increase  of  the  degree 
of  the  ionization  and  in  the  intensification  of  the  photoelectron  spectrum 
and  of  the  optical  emission  of  the  upper  atmosphere.  However  the 
complex  measurements  of  the  response  on  the  solar  flare  still  have  not 
been  carried  out  because  in  situ  measurements  at  given  altitudes  are  very 
difficult.  The  paper  describes  methods  of  these  measurements  including 
small  tethered  systems.  The  small  tether  satellites  are  very  suitable  for 
the  following  experiments:  1.  Measurements  of  the  ionospheric 
photoelectron  and  Auger  electron  spectra  because  there  is  no  large 
shadow  effect  from  the  satellite  body  at  large  pitch-angles  and  also 
parasitic  photoelectron  fluxes  from  the  satellite  body  are  small.  2. 
Measurements  of  the  increase  emissions  of  the  upper  atmosphere  and 
for  the  investigation  of  the  altitude  and  size  dependence’s  of  the  satellite 
glow.  3.  Measurements  of  the  increase  in  the  electron  and  ion  densities 
including  mass-spectrometric  registration  of  the  double  charged  ions 
which  formed  due  to  Auger  effect  at  the  altitudes  of  ignorosphere. 


GROUND-BASED  HF  LONG-DISTANCE  MEASUREMENTS  TO  STUDY 
THE  IONOSPHERIC  MODIFICATION  PRODUCED  BY  SATELLITE  AND 
TETHER  ACTIVE  EXPERIMENTS 

N.F.  Blagoveshchenskaya  (1),  T.D.  Borisova  (1)  and  V.A.  Kornienko  (1) 

(1)  Arctic  and  Antarctic  Research  Instinite,  St.Petersburg,  Russia 
nataly@aari.nw.ru  /  Fax:+7-812-352-2688 

High-resolution  multichannel  measurements  of  HF  signals  by  Doppler  method  are 
proposed  as  a  research  tool  in  smdying  of  ionospheric  disturbances  initiated  by 
satellite  and  tether  active  experiments.  Doppler  measurements  are  carried  out  at  the 
net  of  long-distance  HF  radio  paths  intersecting  the  disturbed  region  of  the 
ionosphere  and  having  the  common  reception  point  in  St.Petersburg.  For 
measurements  any  HF  broadcasting  transmitters  including  world  band  radio  can  be 
used.  By  way  of  illustration  the  results  of  experimental  studies  during  the  CRRES 
Barium  release  on  13  July  1991  are  considered.  The  length  of  research  radio  paths 
was  from  5900  to  1 1000  km.  The  analysis  of  Doppler  measurement  data  showed  the 
presence  of  medium-scale  ionospheric  wave  disturbances  with  main  periods  in  the 
range  of  47-58,  19-24  and  10-13  min  during  CRRES  Barium  release.  It  is  evident 
that  wave  processes  of  periods  about  10-13  min  are  caused  by  Barium  release  and 
wave  processes  of  periods  47-58  and  19-24  min  have  a  natural  origin.  Some 
peculiarities  of  dynamic  Doppler  spectra  on  different  radio  path  can  be  explained  on 
the  assumption  that  the  release  is  the  source  of  ionospheric  disturbances  propagated 
for  long  distances  (550-2200  km)  with  supersonic  velocities  in  the  range  of  1000- 
2700  m/s. 


OPTIONS  FOR  COORDINATED  MULTI-POINT  SENSING  IN  THE  LOWER 
THERMOSPHERE 

J.A.  Carroll*.  E.J  van  der  Heide**.  M.  KruiifF** 

*  Tether  Applications:  tether@home.com,  *•  Delta-Utec:  Erik@Delta- 
Utec.demon.n! 

This  paper  discusses  and  critically  compares  various  options  for  co-ordinated 
multi-point  sensing  in  the  lower  thermosphere.  The  focus  is  on  low-cost  near-term 
options,  including  Ariane  secondary  payloads.  The  paper  includes  a  matrix  showing 
the  feasible  mission  goals,  constraints,  and  relative  complexity  of  each  option.  For 
example,  two  concepts  using  tethers  are  discussed.  Both  can  use  existing  flight- 
proven  tether  deployers.  One  is  a  vertical  string  of  small  satellites  deployed  "daisy- 
chain"  fashion.  The  tether  provides  passive  station-keeping  and  2-axis  attitude 
control,  allowing  use  of  fairly  simple  satellites.  High  tether  drag  may  limit  mission 
durations  to  a  few  days.  The  second  option  uses  a  librating  tether  to  drop  many 
subsatellites  into  eccentric  co-planar  orbits  with  complementary  perigee  altitudes  and 
phases.  This  concept  keeps  tether  drag  and  cut  risks  from  limiting  mission  duration, 
but  requires  somewhat  more  capable  subsatellites.  For  a  more  challenging  mission 
involving  multiple  passes  at  perigee  altitudes  below  100  km,  Ariane  secondary 
payloads  released  in  GTO  seem  very  attractive.  The  excess  orbit  energy  in  GTO 
allows  many  low-perigee  passes  before  reentry,  and  each  perigee  pass  is  brief 
enough  to  limit  aeroheating  problems.  In  addition,  slight  differences  in  perigee 
altitude  between  satellites  can  quickly  spread  an  array  out.  This  allows  good 
separation  of  temporal  and  spatial  phenomena  in  the  lower  thermosphere. 
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NEW  INSTRUMENTAL  TECHNIQUES  FOR  IN-SITU  MEASUREMENTS  IN 
THE  LOWER  THERMOSPHERE/IONOSPHERE 

J.  H.  Clemmons  (1),  F.  A.  Herrero  (2),  and  R.  F.  Pfaff  (2) 

(1)  The  Aerospace  Corporation,  El  Segundo,  California,  USA,  (2)  NASA/Goddard 
Space  Flight  Center,  Greenbell,  Maryland,  USA 

Two  instrumental  techniques  are  discussed  in  terms  of  their  applicability  for  in-situ 
measurements  in  the  lower  thermosphere  and  ionosphere.  The  first  provides 
composition  information  using  a  recently-developed  mass  spectrograph  that 
incorporates  a  time-dependent  electric  field.  The  instrument  has  advantages  over 
previous  measurement  techniques  because  it  simultaneously  registers  particles  across 
a  broad  range  in  mass,  and  is  therefore  intrinsically  fast.  Other  performance 
advantages  include  its  compact,  lightweight  package  and  simple  construction.  The 
principles  of  operation  are  described  and  test  results  from  a  prototype  instrument 
shown. 

The  second  technique  explores  the  medium  surrounding  a  spacecraft  through  the  use 
of  a  charged  particle  beam.  A  low-current  beam  is  emitted  perpendicular  to  the 
ambient  magnetic  field,  returning  to  the  spacecraft  through  gyromotion  where  it  is 
detected  by  the  instrument.  Measurement  of  the  return  current  provides  information 
on  the  ambient  medium  and  allows  study  of  the  collision  processes  occurring  there. 
Many  beam  energies  are  utilized  to  include  a  variety  of  mean  free  paths  and  to 
examine  the  energy  dependence  of  these  processes.  The  results  of  model  calculations 
utilizing  this  technique  are  shown,  and  the  potential  of  the  methodology  for  scientific 
return  is  discussed. 


GEOSPACE  ELECTRODYNAMICS  MISSION 

J.  M.  Grebowskv  (1),  S.  A.  Curtis  (1) 

(1)  NASA  Goddard  Space  Flight  Center 
uSjmg@lepvax.gsfc.nasa.gov/Fax:  301-286-1683 

A  line  of  Solar  Terrestrial  Probe  satellites  have  been  designated  as  part  of  the 
actualization  of  the  strategic  plans  laid  out  in  NASA’s  Sun-Earth  Connection 
Roadmap.  The  Solar  Terrestrial  Probe  missions  currently  under  definition  include  a 
series  of  geospace  multiprobe  missions:  Magnetospheric  Multiscale,  Geospace 
Electrodynamics,  and  Magnetosphere  Constellation.  The  Geospace  Electrodynaics 
(GED)  Mission  goal  is  to  explore  the  electromagnetic  coupling  between  the  sun, 
magnetosphere,  and  upper  atmosphere.  As  currently  envisioned,  it  wilt  consist  of 
multiple  satellites  in  similar  orbits  which  dip  to  attitudes  below  150  km  to  explore 
in  better  spatial  and  temporal  detail  than  before  the  coupling  regime  between  the 
atmosphere  and  magnetiosphere.  An  overview  will  be  given  of  the  current  status  of 
the  GED  mission. 


MEASUREMENTS  OF  THE  ALTITUDE  DISTRIBUTION  OF  THE 
HORIZONTAL  WIND  WITH  "WEATHER-VANES”  ON  A  TETHER 
SATELLITE 

Federicp  A.  Herrero 

NASA  Goddard  Space  Flight  Center,  Greenbell,  MD  2077 1 ,  USA 

A  vane  attached  to  the  tether  on  the  Tether  Satellite  system  is  expected  to  align 
along  the  velocity  vector  of  the  air  flowing  around  it.  An  array  of  vanes  on  the 
tether,  separated  from  each  other  by  known  distances,  may  yield  the  vertical  variation 
of  the  horizontal  wind.  Analysis  of  the  problem  shows  that  the  motion  of  the  vane 
is  very  sensitive  to  initial  conditions  and  thereby  to  small  changes  in  the  wind  and 
density  of  the  air;  the  period  of  oscillation  changing  chaotically  as  the  tether  moves 
through  the  air.  Tight  coupling  to  the  tether  may  damp  the  oscillations  induced  by 
air  perturbations  and  may  make  it  possible  for  the  vane  to  line  up  with  the  wind. 
This  study  naturally  leads  to  the  proposal  for  wind  measurement  with  an  array  of 
vanes  on  the  tether.  Implementation  with  an  optical  system  to  track  and  record  the 
angular  displacements  of  all  the  vanes  is  discussed.  Tether  aerodynamics  play  an 
important  role  in  the  implementation  of  this  idea,  as  well  as  the  problems  associated 
with  deployment  the  vane  array  along  the  tether. 


WAVE-LIKE  VARIATIONS  AND  SUDDEN  DENSITY  DECREASES 
IN  THE  LOWER  THERMOSPHERE  AS  MEASURED  BY  THE  SAN 
MARCO  V  SATELLITE 

E.  1116s-Alm5r  (1),  I.  AlmSr  (1),  P.  Beneze  (2)  and  G.  Laneve  (3) 

(1)  Konkoly  Observatory,  Hungarian  Academy  of  Sciences,  Budapest,  Hungary, 

(2)  Geodetic  and  Geophysical  Research  Institute,  Hungarian  Academy  of  Sciences, 
Sopron,  Hungary,  (3)  University  of  Rome  "La  Sapienza"  Centro  di  Ricerca  progetto 
San  Marco,  Roma,  Italy 

Neutral  density  measurements  were  carried  out  by  the  micro-accelerometer  on  board 
the  Italian  San  Marco  V  satellite  in  1988.  During  the  final  week  of  its  existence  the 
satellite's  perigee  decreased  to  as  low  as  130  km.  Measured  density  values  were 
compared  to  the  corresponding  CIRA'86  (MSIS'86)  model  values.  The  residuals 
reveal  a  wavy  structure  of  different  time  scales.  Characterising  the  wave  amplitude 
by  the  average  deviation  of  the  residuals,  its  dependence  on  different  parameters  was 
studied.  These  investigations  demonstrated  that  the  wave-amplitude  varies  with 
height,  local  solar  time  and  geomagnetic  disturbance  level.  There  is  a  particularly 
developed  wave  pattern  in  the  average  deviations  below  200  km.  Case  studies 
indicated  also  that  there  are  sudden  density  decreases  of  10  -  20  s  duration  that  might 
be  in  connection  with  plasma  bubble  crossings  by  the  satellite,  as  the  occurrence  of 
such  events  maximises  in  late  evening  hours,  similarly  to  plasma  bubbles. 


ELECTRODYNAMIC  TETHER  SYSTEM 
V.  Korepanov 

Lviv  Centre'  of  Institute  of  Space  Research,  Ukraine, 
vakor@isr.lviv.ua 

The  tether  systems  are  a  new  challenge  in  space  activity.  They  have  two  major 
aspects  of  application.  First  one  is  to  go  as  far  as  possible  with  very  sensitive 
instrument  away  from  noisy  satellite,  using  nevertheless  its  telemetry,  data 
processing  and  power  supply  facilities.  One  of  the  first  good  examples  of  such 
solution  is  the  combination  of  fiux-gate  magnetometer  sensor  and  star  imager  sensor 
mounted  on  one  optical  bench  tethered  by  flexible  cable  to  the  satellite.  The 
parameters  of  star  imager  allow  to  realize  ((Iost'ln-the-5pace»  conception  at 
practically  any  distance  from  mother  satellite.  Second  is  to  study  the  lower 
ionospheric  layers  not  accessible  neither  for  satellites  nor  for  balloons  of  aircrafts. 
Many  Interesting  phenomena  for  example  Es  layers  formation,  electrostatic  Jumps 
of  high  amplitude  etc.,  still  are  waiting  for  in-situ  investigation.  Both  these  aspects 
are  discussed  and  the  last  is  especially  emphasized.  Besides  the  scientific 
investigations  long  tethered  ropes  moving  in  Earth's  magnetic  field  can  be  used 
both  as  new  source  of  power  supply  or  electrodynamics  braking/acceleration 
system.  Such  possibility  is  of  special  interest  now  because  of  the  development  of 
International  Scientific  Station  ALPHA.  The  preliminary  experiment  onboard  of 
MIR  station  is  proposed  in  order  to  study  the  dynamics  of  the  tethered  conductive 
rope.  The  efficiency  of  this  applications  is  discussed  and  calculation  showing 
possibilities  of  practical  implementation  are  presented. 


SM.ALL  SATELLITES  FOR  STUDIES  IN  THE  LOWER  THERMOSPHERE 
G.  Laneve 

Universita’  di  Roma,  Italy.  FAX:+39-6-8105241, 
giovanni@crarisc  I  .psm.uniroma  Lit. 

A  solution  of  the  problem  of  filling  the  gap  in  aeronomic  data  at  altitudes  ranging  from 
130  to  200  km  was  proposed  based  on  the  exploitation  of  a  tethered  satellite  deployed 
for  100  km  or  more  from  the  Shuttle.  But  this  solution  seems  to  be  still  far  away  from 
implementation.  So,  this  paper  is  devoted  to  study  the  possibility  of  using  a  satellite  on 
a  very  eccentric  orbit  (around  0.5)  as  a  possible  alternative,  more  rewarding  in  terms 
of  cost  and  reliability.  The  characteristics  of  the  orbit,  inclination,  semi-majoraxis,  etc. 
can  vary  according  to  the  type  of  study  to  be  performed.  In  particular  this  paper  is 
devoted  to  study  the  possibility  of  making  the  satellite  an  integral  part  of  the  scientific 
measurements  determining  analytically  his  orbital  characteristics  in  order  to  emphasize 
the  study  of  particular  phenomena.  In  fact,  particular  phenomena  and  corresponding 
particularorbital  characteristics  will  be  discussed.  In  addition  to  the  altitude,  the  Earth's 
Thermosphere  characteristics  depend  mainly  on  the  latitude  and  solar  local  time.  Thus 
we  intend  to  explore  the  possibility  of  starting  from  thisstatement.  for  determining  the 
necessary  rate  of  variations  of  right  ascension  of  the  ascending  node  and  perigee 
argument,  to  meet  our  necessity  in  terms  of  latitudinal  and  solar  local  time  coverage 
and  then  determine  the  characteristics  of  a  suitable  orbit  in  terms  of  semi-major-axis 
and  inclination.  We  intend  to  go  one  up  on  the  Explorer  satellite  experience  by  using 
satellites,  on  very  eccentric  orbits,  to  sample  the  lower  thermosphere  region:  selecting 
the  orbit  and  studying  a  constellation  of  small  satellites  oriented  to  aeronomic  studies. 
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ELECTRIC  FIELD  MEASUREMENTS  IN  THE  LOWER  IONOSPHERE 
(80450  KM)  USING  SOUNDING  ROCKET  PROBES 

R.  F.  Pfaff 

Laboratory  for  Extraterrestrial  Physics,  NASA/Goddard  Space  Flight  Center, 
Greenbelt,MD  20771  (USA);  rob.pfaff@gsfc.nasa.gov:  (fax)  1+ 301-286-1648 

DC  and  wave  electric  fields  are  important  parameters  that  characterize  the  Earth's 
lower  ionosphere.  At  the  magnetic  dip  equator,  for  example,  polarization  electric 
fields  are  set  up  within  a  narrow  altitude  layer  (100-110  km)  which  subsequently 
drive  the  equatorial  electrojet  Hall  current.  At  mid  latitudes,  such  fields  may  also  be 
sustained  within  sporadic-E  layers,  as  well  as  within  gravity  wave  crests.  At  high 
latitudes,  electric  fields  map  down  from  the  magnetosphere  where  they  may  drive 
strong  auroral  electrojels  between  90-135  km.  In  conjunction  with  gradients  in  the 
plasma  number  density,  the  DC  electric  fields  also  drive  a  variety  of  plasma 
instabilities  (e.g.,  two-stream,  gradient  drift)  which  may  include  surprisingly  large 
wave  electric  fields  (e.g.,  5E/E  -1).  In-situ  investigations  that  measure  both  DC  and 
wave  electric  fields  are  commonly  carried  out  using  double  probe  detectors  bn 
sounding  rockets,  often  in  conjunction  with  other  in-situ  measurements  as  well  as 
ground  based  (e.g.,  radar)  observations.  Although  ion  drifts  in  these  regions  are 
slowed  by  ion-neutral  collisions,  the  combination  of  the  electric  field  and  ion  drift 
measurements  on  sounding  rockets  provide  a  measure  of  collision  frequencies  as  a 
function  of  altitude.  Electric  field  measurements  on  sounding  rockets  in  the  lower 
ionosphere  are  reviewed  in  this  talk,  with  an  emphasis  on  which  platforms  create  the 
highest  quality  data.  Magnetically-aligned  payloads  with  long  electric  field  booms  in 
the  spin  plane  (i.e.,  perpendicular  to  the  magnetic  field),  as  well  as  payloads  with  a 
very  small  central  body,  appear  to  give  the  most  reliable  measurements. 


SOLID  EARTH  GEOPHYSICS  (SE) 
SEl  Open  session  on  tectonophysics 

Convener:  Sabadini,  R. 


EXPLORATION  OF  THE  LOWER  IONOSPHERE  AND  THERMOSPHERE 
USING  IN-SITU  MEASUREMENTS  ON  LOW  PERIGEE  SATELLITES 

R.  F.  Pfaff 

Laboratory  for  Extraterrestrial  Physics,  NASA/Goddard  Space  Flight  Center, 
Greenbelt,MD  20771  (USA);  • 
rob.pfaff@gsfc.nasa.gov;  (fax)  1+  301-286-1648 

The  lower  ionosphere  and  thermosphere  (80  -  200  km)  constitutes  one  of  the  most 
complex  and  important  regions  in  the  Earth's  space  environment.  In-situ 
measurements  within  this  region  are  difficult  for  satellites  since  the  large  neutral 
number  densities  create  a  high  drag  environment.  The  drag  not  only  may 
significantly  alter  the  satellite  orbit,  but  the  interactions  of  the  satellite  with  the  high 
density  neutral  gases  may  adversely  affect  the  operation  of  several  in  -situ 
instruments,  as  well  as  create  thermal  problems.  Although  such  problems  become 
quite  severe  below  ~115  km  and  prohibitive  below  ~100  km,  successful 
measurements  appear  to  be  feasible  down  to  at  least  120  km,  thus  enabling 
observations  of  a  rich  variety  of  important  plasma  and  neutral  gases  to  be  carried  out. 
This  talk  presents  an  overview  of  a  mission  currently  being  proposed  to  NASA  to 
carry  out  such  low  perigee  measurements  of  DC  electric  and  magnetic  fields  and 
waves,  vector  neutral  winds  and  ion  drifts,  plasma  and  neutral  gas  number  density, 
composition,  and  temperature,  energetic  particles,  and  lightning  flashes.  We 
describe  orbit  scenarios  to  achieve  coverage  at  all  local  times,  seasons,  and  latitudes 
and  discuss  other  unique  features  of  such  low  perigee  satellites  in  view  of  designing 
a  comprehensive,  robust  mission  that  contributes  important,  new  knowledge 
concerning  the  Earth's  low  altitude,  near-space  environment. 
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PRECISE  TIME  CONSTRAINTS  ON  THE  EVOLUTION  OF  AN 
EXTENSIONAL  BASIN  FROM  THE  COASTAL  RANGE  OF  CENTRAL  CHILE. 

G.  Feraud”*.  L.  Aguirre®  D.  Morata®,  M.  Vergara®,  E.  Puga®,  A.  D.  Federico® 
'’’Gdosciences  Azur,  CNRS-UNSA,  Nice  (France),  ®Dep“  Geologia,  Univ.  Chile, 
Santiago  (Chile),  ®  Univ.  Cadiz  (Spain),  ®  Univ.  Granada  (Spain) 
‘'*feraud@unice.fr. 

The  construction  of  P-T-t  trajectories  for  very  low-grade  metamorphic  episodes  in 
thick  volcanic  sequences  of  extensional  basins  contributes  to  the  knowledge  of  the 
geodynamic  evolution  of  mountain  belts.  The  main  difficulty  is  to  obtain  precise 
age  constraints  on  both  primaiy  and  metamorphic  minerals  of  the  same  rocks. 
“At/’^At  analyses  were  performed  on  basaltic  andesites  from  a  10  km  thick 
sequence  of  marine  and  continental  volcanic  and  sedimentary  rocks  of  Early 
Cretaceous  age  fiom  the  Coastal  Range  of  Central  Chile.  This  sequence  was 
deposited  in  a  back-arc  basin  during  an  extensional  episode,  and  then  affected  by 
burial,  non-deformative,  low-grade  metamorphism.  Mineral  assemblages  of  the 
zeolite  and  prehnite-pumpellyite  facies  are  abundantly  present  most  particularly  as 
amygdale  fillings  with  pumpellyite  +  adularia  +  chlorite  ±  quartz  ±  epidote.  Bulk 
samples  of  primaiy,  un^tered,  plagioclase  and  single  grains  of  adularia  (in 
amygdales)  from  the  lavas  displayed  an  age  of  1 19.5  ±  1.3  Ma  for  the  lava 
formation,  and  ages  ranging  from  93,5  ±  0,3  to  94.2  ±  0.2  Ma  for  tlie  metamor¬ 
phism.  Intermediate  ages  are  well  correlated  with  the  sericitisation  degree  on  single 
grains  of  plagioclase.  The  period  of  25  Ma  between  volcanism  and  metamorphism 
yields  insights  on  the  geodynamic  evolution  of  this  extensional  basin. 


STRESS  VARIATIONS  IN  SEISMIC  ZONES  ARE  CLEARLY  REFLECTED 
IN  LONG  TERM  AND  DIURNAL  GEOMAGNETIC  VARIATIONS 

G.Duma  (Central  Institute  for  Meteorology  and  Geodynamics,  Hohe  Warte 
38,  A-1191  Vienna,  Austria) 

When  comparing  long  term  geomagnetic  variations  in  seismicaliy  active 
regions  with  the  changes  in  seismic  activity  during  the  20th  century  a 
remarkabie  congruence  appears.  Moreover,  such  a  reiation  can  be  observed 
in  the  diurnal  range  of  variations,  too.  Severai  examples  of  this  phenomenon 
wiil  be  presented  first,  concerning  the  earthquake  activity  in  Austria  and  in 
main  seismic  regions  of  China,  Japan  and  Italy.  These  observational  results 
have  been  obtained  in  a  two  years  research  program  at  the  Central  Institute 
in  Vienna. 

Out  of  several  models  which  have  been  considered  in  order  to  interprete  this 
obvious  relation,  the  most  trustworthy  model  is  that  of  a  changing  magnetic 
susceptibility  of  crustal  rock  under  varying  stress.  It  can  been  shown  that  this 
model  fits  the  geomagnetic  field  variations  also  quantitatively.The  results 
provide  a  very  surprising  and  new  insight  in  the  tectonic  processes  of  several 
major  earthquake  regions. 


HORIZONTAL  COMPRESSION  OF  A  LAYERED  SEQUENCE: 
FOLDING  OR  THRUSTING? 

N.S.Frolova,  T.M.Geptner  and  M.A.Goncharov 
Department  of  Geology,  Lomonosov  State  University  Moscow 
gonch@dynamo.geoi.msu.nj/Fax;  +7-095-9391154 

Some  exampies  of  deep  and/or  ductiie  crystaiiine  basement  beneath 
fold  zones  at  the  inner  part  of  a  mobiie  belt  and,  vise  versa,  shaiiow 
and  rigid  basement  beneath  thrust  beits  at  the  outer  part  of  such  a 
beit  ied  us  to  the  foiiowing  hypothesis,  in  case  of  deep  and/or  ductile 
basement,  synclines  in  above  iayered  sequence  can  deepen,  under 
horizontai  compression,  as  free  as  adjacent  anticlines  grow.  In  case- 
of  shallow  and  rigid  basement,  however,  synclines  can't  deepen,  so 
thrusting  develops  instead  of  folding.  This  hypothesis  was  confirmed 
by  small-scale  physical  modeling  as  well  as  by  computer  simulation. 
Yhe  experimental  duplex  stmcture  resembles  the  computer  one,  the 
latter  being  based  on  smooth  (not  angular!)  ramp-flat  geometry  that 
is  a  characteristic  feature  of  the  former  as  well  as  back-to-front 
sequence  of  active  ramps.  The  concept  of  two-stage  convection 
within  the  tectonosphere  (asthenosphere  +  lithosphere)  [Goncharov, 
1995-1997]  have  been  used  to  explain  the  origin  of  horizontal 
compression  and  extension  in  different  parts  of  a  mobile  belt. 
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THE  HARZ  MOUNTAINS,  GERMANY: 

THE  RESULT  OF  WRENCH-FAULT  TECTONICS  ? 

G.  Gabriel  (1)  and  T.  Jaht  (2) 

(1)  Institute  for  Geophysics,  Technical  University  of  Clausthal,  Germany, 

(2)  Institute  for  Geosciences,  University  of  Jena,  Germany. 
geraldCifg.tu-clau3thal.de/Fax:  +49  5323  722320 

Different  tectonic  models  exist  for  the  evolution  of  the  Harz  Mountains.  One  of 
the  models  considers  the  Harz  within  a  wrench-fault-system.  Previous  results  of 
gravity  and  seismic  studies  revealed  an  uplift  of  the  Harz  Mountains  by  3-4  km 
compared  to  its  surroundings.  Based  on  these  information  and  taking  into  ac¬ 
count  that  the  east-west  extent  of  the  Harz  is  120  km,  a  shortening  of  less  than 
1  km  of  the  Harz  along  the  same  direction  has  been  estimated  from  geometric 
models.  In  order  to  study  the  plausibility  of  this  tectonic  model,  computations 
with  the  finite-element  method  have  been  carried  out.  The  physical  properties 
of  the  lithosphere  are  considered,  mainly  based  on  the  Prelimenary  Reference 
Earth  Model.  The  calculations  cover  a  range  from  a  homogeneous  single  layered 
model  to  a  homogeneous  multiple  layered  model.  The  latter  one  also  takes  into 
account  the  lateral  inhomogenities  due  to  the  Palaeozoic  sediments  of  the  Harz 
and  the  Ramberg  Granite.  This  model,  being  the  most  realistic,  reveals  a  ma.x- 
imum  vertical  displacement  of  550  m  in  the  western  area  due  to  shortening  of 
1000  m  during  a  period  of  60  million  years,  whereas  the  uplift  in  the  eastern 
part  is  only  about  430  m.  In  order  to  e.xplain  the  observed  displacement  of 
3400  m  at  the  northern  fault  zone  of  the  Harz  Mountains,  a  vertically  acting 
force  of  40  MPa  was  required. 


TRENDS  IN  DEFORMATION  PATTERNS  IN  THE  DANISH  AND 
SURROUNDING  AREAS  INVESTIGATED  BY  3-D  HNITE  ELEMENT 
MODELLING. 

Lvkke  Gemmer.  Seren  Bom  Nielsen,  and  Holger  Lykke-Andersen 
Department  of  Earth  Sciences,  Geophysical  Laboratory,  University  of  Aarhus, 
Denmark.  E-mail:  lykke@geoserverl.aau.dk,  fax:  +4586101003. 

The  deformation  pattern  of  the  lithosphere  depends  on  its  thermal  and  rheological 
structure  and  the  stress  field. 

In  a  geodynamlc  context  the  Danish  area  functions  as  a  transition  zone  between  the 
relatively  stable  Baltic  Shield  with  thick  (ca.  200  km)  lithosphere  and  Precambrian 
crust  and  the  thinner  lithosphere  to  the  west  and  south  dominated  by  Phanerozoic 
crust.  The  regional  stress  pattern  is  believed  to  be  dominated  by  forces  connected  to 
the  continent-continent  collision  of  Africa  and  Europe,  and  to  ridge  push  forces 
related  to  the  spreading  at  the  Atlantic  Mid-Ocean  Ridge. 

The  occurence  of  small  earthquakes  and  local  differential  vertical  movements 
indicate  that  the  region  is  subject  to  deformation.  To  see  how  this  deformation  is 
related  to  the  regional  stress  field,  the  area  has  been  studied  using  3-D  thermal  and 
mechanical  finite  element  modelling.  The  model  includes  sediment  and  crustal 
structure. 

Modelling  results  show  that  the  strength  of  the  lithosphere  varies  significantly  over 
the  area  and  that  the  pattern  of  vertical  surface  movements  depends  critically  on  the 
direction  of  the  stress  field.  This  may  be  used  to  explain  some  of  the  observed 
neotectonic  features  in  the  area. 


THREE  SIMPLE  DERIVATIONS  OF  GUTENBERG-RICHTER 
LAW 

G.  S.  Golitsyn 

A. M. Obukhov  Institute  for  AtmosiSheric  Physics,  Pyzhevsky  Lane,  3,  109017, 
Moscow,  Russia. 

mokhov6omega.ifaran.ru/Fax:  [7]  095  953  16  52 

Data  for  about  150  earthquakes,  EQ,  illustrate  well  that  L.  the  cubic  root 
of  the  seismic  moment  M  over  the  released  stress,  is  a  good  measure  for  the 
fault  length,  the  shift  along  the  fault  and  its  area  5  «  L".  The  ratio  L/h,  h 
the  brittle  creest  thickness,  is  the  similarity  parameter  for  EQ  explaining  why 
the  frequency-intensity  spectra  near  mid-oceanic  ridges  are  steeper  than  the 
rest.  The  ultimate  forcing  for  all  3  derivations  is  the  global  geothermal  flux. 
The  similarity  arguments  lead  to  M~'-  dependence  for  L/h  >  1  and  to 
dependence  for  L/h  <  1.  The  energy  balance  arguments  for  cases  when  the 
whole  crust  is  torn  and  for  pastial  tearing  produce  the  two  dependencies  on 
A/.  The  third  derivation  deals  with  the  work  spend  on  the  destruction  surface 
formation  and  produce  -2/3  dependence.  An  outline  for  possible  future  studies 
is  presented. 


RIDGES  AND  DEPRESSIONS:  TRANSVERSAL  ONES  IN' 
SPREADING  ZONES  AND  LONGITUDINAL  ONES  IN  COLLISION 
ZONES,  AS  A  RESULT  OF  TWO-STAGE  CONVECTION 

M.A.Goncharov 

Department  of  Geology,  Lomonosov  State  University  Moscow 
gonch@dynamo.geol.msu.ai/Fax:  +7-095-9391154 

Systems  of  transversal  ridges  and  depressions  in  spreading  zones, 
ridges  being  cut  by  rHt  valleys  and  depressions  coinciding  with 
transform  faults,  are  similar  to  systems  of  longitudinal  ridges  and 
depressions  in  collision  zones.  The  similarity  consists  of  thicker  cmst, ' 
with  traces  of  compression  and  thrusting,  beneath  ridges,  and,  vice 
versa,  thinner  cnjst,  with  traces  of  extension,  beneath  depressions. 
This  morphological  similarity  gives  a  reason  to  suspect  some  general 
cause  of  origin  of  both  the  systems.  An  explanation  is  given  by 
means  of  two  concepts:  (1)  Formation  of  elongated  transversal, 
convection  rolls  in  spreading  zones  [Kirdyashkin,  1989].  (2)  Two-' 
stage  amangement  of  convection  in  collision  zones  [Goncharov, 
1995-1997]  as  well  as  in  spreading  zones,  with  thickening  of  the 
cnjst  within  convection  rolls  and  formation  of  “roots”  beneath  ridges, 
and  its  thinning  between  these  rolls.  The  bottom  of  the  geosphere 
under  convection  coincides  with  the  bottom  of  the  asthenosphere. 


TRANSFORM  FAULTS  AT  MID-OCEANIC-RIDGES  AS  A  RESULT 
OF  DIFFUSED  HETEROGENEOUS  EXTENSION  OF  MEDIUM 
WITH  TRANSVERSAL  CONVECTION  STRUCTURE 

M.A.Goncharov  and  V.G.Talitsky 

Department  of  Geology,  Lomonosov  State  University  Moscow 
gonch@dynamo.geol.msu.nj/Fax:  +7-095-9391154 

An  attempt  was  made  to  explain:  (1)  Coincidence  of  transform  faults 
(TFs)  strike  and  maximum  extension  axis  direction,  including  mid- 
oceanic-ridges  (MORs)  with  oblique  cutting  TFs,  in  spite  of 
fundamental  laws  of  rock  mechanics,  (2)  Echelon-like  disposition  of 
rift  valleys  witihin  MORs.  (3)  Thinner  crust,  with  traces  of  extension, 
within  TF  zones,  and,  vice  versa,  thicker  cmst,  with  traces  of 
compression  and  thmsting,  between  these  zones.  An  explanation  is 
given  by  means  of  three  recent  concepts:  (1)  Origin  of  elongated 
transversal  convection  rolls  [Kirdyashkin,  1989].  (2)  Two-stage 
arrangement  of  convection,  with  thinning  of  the  crust  between  rolls 
[Goncharov,  1995-1997].  (3)  Diffused  heterogeneous  extension  of 
the  medium  [Talitsky,  1990]  along  transversal  rolls,  with  formation  of 
echelon-like  amanged  rift  valleys,  and  their  junction  along  bands  of 
thinned  crust,  by  means  of  fonnation  of  TFs,  in  accordance  with 
canons  of  plate  tectonics. 


GEOTHERMAL  GRADIENT  VARIATIONS  IN  IRAN  AND 
THEIR  GEOTECTONIC  IMPLICATIONS 

J.  Has.s:iny;idch  and  S.  Exmaccli  Fard 
Inslitutc  of  Geophysics,  University  ol'Tehran 
Fax:  +982I-8(X)9560 

Geolhermal  gradients  were  calculated  lor  various  structural  zones  of 
Iran  using  bottom  hole  temperatures  in  oil  welLs.  Typical  values  for 
tectonic  subdivisions  of  the  country  reveal  significant  variations. 
Highest  gradients  of  26-34“C/km,  are  obtained  for  the  Kopeh  Dagh  zone 
of  NE  Iran  and  the  Caspian  coastal  plain.  N  central  Iran  is  characterized 
by  rather  uniform  gradients  near  25°C/km.  whereas  gradients  in  the 
.simply  folded  Zagros  begin  with  lemarkably  lower  values  of  -  1  l°C/km 
in  the  inner  zone,  and  generally  inciease  towards  the  Persian  Gulf  where 
values  of  28-35°C/km  are  reported.  Regions  marked  with  higher 
geothemial  gradienus  in  the  noiihem  parts  of  the  Iranian  Plateau  are  also 
characterized  by  high  S,i  and  P„  attenuations.  Additionally,  the  Alborz 
mountain  range  that  began  rapid  uplift  since  the  Pliocene  to  further 
.separate  the  Caspian  coastal  plain  and  central  Iran,  in  contrast  to  Its  high 
elevation,  is  distinguished  with  no  root  ba.sed  on  gravity  daUt.  The  rapid 
uplift  a.ssociated  with  anomalous  heat  How,  high  .seismic  attenuation, 
iso.static  ovcrcompen.sation.  and  the  Late  Neogene-Quatemary  volcanic 
activity  all  indicate  that  an  anomalously  hot  upper  mantle  underlies  the 
northern  territories  of  Iran. 
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UPLIFT  DEDUCED  FROM  A  PALAEOMAGNETIC  STUDY  OF 
NEOPROTEROZOIC  DYKES  IN  CENTRAL  SWEDEN 

M.O.  Moakhar  ( 1)  ,  S.A.  Elming  C  H 

( 1)  Department  of  Applied  Geophysics ,  Lulei  University ,  Sweden 
Sten-Ake.Elming@sb.luth.se/Fax :  +46-920-91697 

A  palaeomagnetic  study  has  been  performed  on  Neoproterozoic  basic  dykes  in 
the  Fennoscandian  shield  .  Positive  contact  tests  have  been  demonstrated  and 
on  the  basis  of  the  data  from  the  baked  host  rock  of  one  of  the  dykes  the  uplift 
of  the  present  erosion  surface  is  estimated  .  From  the  palaeomagnetic  results  of 
ten  samples  of  the  baked  gabbro  the  ambient  temperature  at  the  time  of  dyke 
intrusion  is  determined  at  395  C°  ,  with  a  standard  deviation  of  16  C"  . 
Assuming  a  palaeogeothermal  gradient  of  28  C°/  Km  ( ±  30  %  )  the  estirnated 
depth  of  burial  of  the  present  erosion  surface  can  then  be  calculated  at  12  ±  4 
Km .  On  the  basis  of  the  palaeomagnetic  data  the  age  of  the  dyke  is  ca  1.4  Ga , 
which  means  an  uplift  rate  of  this  part  of  the  Fennoscandian  shield  of  0.009 
Km/Ma. 


FAULTING  IN  MID-OCEAN  RIDGES:  FORMATION  OF 
ABYSSAL  HILLS 

A.N.B.  Poliakov  (1)  and  W.  Roger  Buck  (2) 

(I)  Laboratoire  de  Geophysique  et  Tectonique,  CNRS  (UMR  5573),  Universite 
Montpellier  11,  Montpellier  Cedex  05  France,  (2)  Lamont-Doherty  Earth 
Observatory  of  Columbia  University,  Palisades,  NY  10964,  USA. 
al  joshaCdstu .  univ-montp2 .  f  r 

The  tectonic  plates  are  formed  and  move  apart  at  a  mid-ocean  ridges.  Some 
portion  of  this  plate  separation  in  slow-spreading  MORs  is  thought  to  occur  by 
stretching,  resulting  in  a  complex  pattern  of  normal  fault  offset.  Abyssal  hills, 
the  most  areally  extensive  topographic  features  on  Earth,  .are  thought  to  be  a 
product  of  this  faulting.  Here,  we  report  the  results  of  a  self-consistent  numer¬ 
ical  model  of  lithospheric  formation  and  stretching  that  includes  spontaneous 
fault  creation.  An  axial  valley  develops  where  the  fault  activity  is  most  con¬ 
centrated.  "Frozen”  fault  generated  topography,  rafted  out  of  the  axial  valley, 
is  visually  and  statistically  simillar  to  observed  abyssal  hills  formed  at  many 
slower-spreading  ridges.  Since  we  do  not  include  magmatic  crustal  accretion 
arid  spreading-rate-deperident  thermal  structures  we  cannot  yet  ascess  the  con¬ 
trols  on  the  amplitude  of  abyssal  hills  for  the  full  range  of  spreading  conditions. 
The  model  results  suggest  that  the  irregularity  of  abyssal  hill  relief  may  result 
from  a  self-organized  critical  stress  state  at  a  spreading  center.  We  also  propose 
several  mechanisms  for  explanation  of  abyssal  hills  in  fast-spreading  ridges. 


DEEP  SEISMIC  SOURCES  AND  CRITICAL  TEMPERATURE 
V.  Pasquale,  M.  Verdoya  and  P.  Chiozzi 

Dipart,  di  Scienze  della  Terra,  UniversitO  di  Genova,  I-I6132  Genova,  Italy 
Pasquale@dister.unige.it/Fax:  +39-10-352169 

The  mechanism  of  deep  earthquakes  is  still  vigorously  debated  among  the 
researchers.  Some  pieces  of  evidence  of  this  geodynamic  process  can  be  searched  in 
the  comparison  of  die  seismic  activity  and  the  thermal  structure.  The  heat-flux  pattern 
reflects  lateral  variations  of  stmctural  and  mechanical  properties  of  the  lithosphere- 
asthenosphere  system.  Our  analysis  of  the  rheological  behaviour  is  focused  on  the 
southern  Tyrrhenian  area.  The  seismic  activity  (maximum  frequency  of  events)  is 
concentrated  in  the  depth  interval  200-350  km,  and  in  terms  of  energy  (magnitude)  is 
maximum  between  250  and  300  km.  Most  earthquakes  are  confined  within  a  50-70 
km  thick  slab.  The  slab  dip  angle  is  about  65*  from  100  to  350  km  depth  and  is  well 
correlated  with  the  total  tectonic  subsidence  and  thus  with  the  drag  stress  of  the 
subducted  slab.  Below  350  km  depth  the  dip  angle  decreases  down  to  500  km  depth 
where  the  deepest  events  occur.  The  focal  mechanisms  are  by  down-dip 
compression.  In  the  hypothesis  that  the  seismic  activity  is  confined  to  those  parts 
which  have  a  temperature  below  a  depth-dependent  critical  value,  the  temperature 
distribution  within  the  sinking  slab  was  determined  by  assuming  a  mantle  with  an 
adiabatic  temperature  gradient.  The  latent  heat  of  olivine-spinel  phase  change, 
resulting  in  a  temperature  increase,  was  taken  into  account.  At  the  500  km  depth,  a  60 
km  thick  slab  which  sinks  at  a  velocity  of  6  cm/yr  yields  a  minimum  temperature 
compatible  with  the  seismic  activity. 


GEODYNAMIC  EVOLUTION  OF  THE  ROMANIAN 
CARPATHIANS  AREA  IN  THE  ALPINE  OROGEN 

A.  D.  Stionol  *,  A.  Bala  • 

*(^«Aional  Institute  for  Earth  Physics 
Einail:stiopot@inip.ifa.ro 

From  structural  points  of  view  the  Carpathians  Orogen  belongs  to  the  Alpine  period 
arid  represents  a  part  of  Tethysian  -  Himalayan  belt.  Romania  comprises  Eastern 
and  Southern  Carpathians,  Apuseni  Mountains.,  with  intramontaneous  basins 
(  Transylvanian  and  Pannonian  ones )  surrounded  by  the  foreland.  The  geotectonic 
units  are  represented  by  one  mobile  Alpine  region,  the  Carpathians  and  Pre-alpine 
cra^ns :  Moesian,  Scythian  and  Moldavian  platforms .  The  Carpathian  area  is 
mainly  an  Alpine  orogen  bounded  westwards  by  the  Alps  and  southeastwards  by  the 
Balkans.  It  has  a  peri-cratonic  position,  in  the  southwest  of  the  Eurasian  plate,  and  it 
is  composed  of  inner  units  ( N.  Apuseni  Mts.)  moided  by  the  external  Carpathian 
are,  which  consists  of  basement  and  cover  nappes  and  post-tectonic  structures.  The 
getklynamic  evolution  depends  on  successive  cycies  of  ocean  opening  and  closing. 
The  complete  sequence  of  spreading/compression  events,  belongs  to  the  Alpine  cycle, 
wiicreas  pre-alpine  cycles  are  represented  by  parts  of  their  sequences  incorporated  in 
tire  alpine  structures.  The  present-day  view  of  tire  Carpathians  area  is  associated  with 
the  ^elopment  of  the  Pataeo-and  Neo-  Tethys  system.  Interpretation  of  the 
siibduction,  collision  and  post-collision  events  is  tried,  in  the  light  of  sialic  blocks, 
catd-alkaline  voicanic  rocks  position,  in  correlation  with  the  Tethysian  suture  of 
back-arc  settings. 
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SE2  Dynamics,  mineral  physics  and  tomographic 
imaging  of  the  Ealrth’s  mantle 

Convener:  Montagner,  J.-P. 

Co-Convener:  Schmeling,  H. 


PRELIMINARY  RESULTS  FROM  NONLINEAR  GLOBAL 

TRAVEL-TIME  TOMOGRAPHY 

H.  Bijwaard  (1),  W.  Spakman  (1)  and  E.  R.  Engdahl  (2) 

(1)  Vening  Meinesz  Research  School  of  Geodynamics,  Faculty  of  Earth 
Sciences,  Utrecht  University,  the  Netherlands,  (2)  National  Earthquake 
Information  Center,  U.S.  Geological  Survey,  Denver,  U.S.A.. 
bijwaardOgeof.ruu.nl 

Recent  global  tomography  models,  constructed  through  linearized  inversion,  by 
van  der  Hilst  et  al.  (Nature,  1997)  and  Zhou  (JGR,  1996)  show  smaller  scale 
mantle  structures  than  had  been  imaged  on  a  global  scale  before. 

In  a  similar,  but  still  linear  approach  we  have  been  able  to  take  their  improve¬ 
ment  a  step  further,  mapping  upper  mantle  structure  with  detail  (60-100  km) 
directly  comparable  with  that  obtained  in  high  resolution  regional  studies.  This 
was  achieved  through  the  implementation  of  an  accurate  global  data  set  and  a 
model  parameterization  with  cells  of  variable  sizes. 

To  further  improve  global  travel-time  tomography  we  extend  the  method  to 
nonlinear  inversion.  Up  to  now  the  nonlinear  global  tomography  problem  has 
always  been  linearized  about  the  ray  paths  in  the  i-D  reference  Earth  model 
used,  The  bending  of  rays  due  to  lateral  heterogeneity  has  not  been  taken  into 
account,  but  may  be  very  important  when  imaging  small-scale  structure. 

We  will  present  results  from  the  linear  inversion  (focussing  on  the  behaviour  of 
slabs  in  the  transition  zone,  deep  subduction,  remnants  of  past  subduction  in 
the  lower  mantle  and  the  deep  roots  of  hotspots)  and  first  results  from  nonlinear 
inversion . 
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GLOBAL  ATTENUATION  TOMOGRAPHY  FROM  FUNDA¬ 
MENTAL  MODE  SURFACE  WAVE  DATA 

M.  Billien  (1),  J.  Trampert  (2)  and  J.-J.  L^veque  (1) 

(1) . Nicole  et  Observatoire  de  Physique  du  Globe,  Strasbourg,  F-67  084  FVance, 

(2)  Dept,  of  Theoretical  Geophysics,  Utrecht,  3508  Th,e  Netherlands, 
aibillienfieost  .u-strasbg.fr 

We  aim  to  jointly  invert  phase  and  amplitude  measurements  of  surface  waves 
between  40  and  150  seconds.  To  model  the  main  phenomena  acting  upon  the 
wave  amplitudes,  we  include  effects  from  geometrical  spreading,  focussing  and 
intrinsic  attenuation.  The  quality  factor  and  phase  velocity  maps  are  expanded 
on  a  spherical  harmonic  basis.  In  a  first  step,  we  assume  that  the  source  am¬ 
plitude  is  known  with  sufficient  accuracy.  We  introduce  focussing  effects  in  the 
amplitude  equation,  using  the  Woodhouse  and  WoNG  (1986)  path  integral 
approximation.  We  check  the  validity  of  this  approximation  as  a  function  of  de¬ 
gree  of  the  spherical  harmonic  expansion  using  exact  ray  tracing  on  the  sphere. 
Our  data  set  is  the  same  as  that  of  Trampert  and  Woodhouse  (1995).  Some 
amplitude  data  show  suprising  inconsistencies  which  could  be  due  to  site  ef¬ 
fects,  poor  seismic  moment  determination  or  incorrect  focal  mechanisms. Tn 
order  to  quantify  these  anomalies,  we  introduce  in  the  inversion,  an  amplifica¬ 
tion  factor  for  each  station  and  a  seismic  moment  correction  for  each  event.  We 
present  attenuation  maps  obtained  in  the  period  range  40  s-150  s  and  discuss 
the  source  and  station  amplitude  anomalies. 


DYNAMICS  OF  SUPERPLUMES  GENERATED  BY  PHASE  TRANSITIONS 
AND  VARIABLE  VISCOSITY  CONVECTION. 

D.  Brunet  (1),  D.A.  Yuen  (2),  and  P.  Machetel(I) 

David.Brunet@cnes.fr  /  fax:  (33)  5  61  25  32  05 

(1)  UMR5566  /  GRGS  /  CNRS  /  CNES,  18  av.  E.Belin  ,  31401  Toulouse  ccdex  4, 
France) 

(2)  Dept,  of  Geology  and  Geophysics  at  Minnesota  Supercomputer  Institute,  Univ.  of 
Minnesota,  Minneapolis;  MN  55415-1227,  USA 

We  have  investigated  the  nonlinear  dynamics  of  supeqplumes  with  an  axisymmetric 
spherical  model  which  can  handle  variable  viscosity  which  depends  on  temperature, 
pressure  and  the  location  of  the  moving  phase  boundary.  The  interaction  of  the 
superplume  with  the  670  phase  boundary  gives  rise  to  a  large  hot  region  below  the 
phase  change,  which  gives  birth  to  secondary  plumes  .  The  non-linear  effects 
associated  with  the  phase  change  thermodynamics  govern  the  dynamics  of  the 
upwelling  into  the  upper  mantle.  The  action  of  the  endothermic  spinel  to  olivine 
transition  dominates  in  the  overall  development  of  Che  shape,  temperature  and  velocity 
of  the  upwelling,  as  it  impinges  on  the  top  boundary  layer.  Thus  the  phase  transitions 
control  directly  the  interaction  between  mantle  plumes  and  the  lithosphere. 
Furthermore,  the  stress  fields  inside  these  superplumes  reveal  a  focussing  of  stress  at 
the  base  of  the  core-mantle  boundary  and  at  the  base  the  transition  zone.  Such  a 
distribution  of  peak  stresses  may  be  correlated  with  the  recent  findings  of  seismic 
anisotropy. 


THE  MODELLING  OF  IRREGULARITIES  OF  THE  EARTH 
CRUST  IN  3D  MATRICE’S  SLICES 

N.P.  Bulatova,  U.V. Nechaev  and  N.P.  Bulatova 

United  Institute  of  Physics  of  the  Earth,  Russian  Academy  of  Sciences, 
Bol’shaya  Gruzinskaya  10,  Moscow,  123810, Russia  . 

The  devised  algorithm  of  constructing  numerical  arrays  on  the  basis  of  linea¬ 
ment  network  descriptive  of  irregularities  of  the  Earth  surface  gives  a  three- 
dimensional  distribution  of  numerical  values  of  specific  length  of  lineaments. 
This  distribution  describes  the  field  of  tectonic  fragmentation  of  lithosphere. 
Computer  programs  for  calculating  numerical  arrays  of  horizontal,  vertical  and 
diagonal  slices  of  3d  matrices,  modelling  irregularities  of  the  Earth  crust,  are 
devised.  A  method  of  computation  and  visual  presentation  of  these  arraysis  pro¬ 
posed.  These  results  allows  fast  and  reliable  finding  in  a  model  of  Earth  crust 
the  sites  with  strain  condition  where  the  centres  of  high  magnitude  earthquakes 
can  occur. 


THE  ACCOUNT  OF  THE  BARTH’S  CHARACTERISTIKS 
ALONG  THE  RAY  AND  THE  SECTIONS  FOR  THE  EARTH’S 
TOMOGRAPHY 
N.P.  Bulatova  and  N.P.  Bulatova 

United  Institute  of  Physics  of  the  Earth,  Russian  Academy  of  Sciences, 
BoPshaya  Gruzinskaya  10,  Moscow,  123810, Russia  . 

In  order  to  state  the  forward  topographic  problem  for  a  3D  spherically  sym¬ 
metric  model  of  the  Earth,  an  algorithm  for  calculating  the  varieties  in  its 
properties  (density,  seismic  velocities,  etc.),  revealed  by  sounding  the  Earth 
with  parallel  rays,  is  proposed.  For  a  moving  radiation  source,  these  properties 
are  considered  functions  of  three  variables:  the  angle  of  incidence  of  a  ray  in  a 
spherical  coordinate  systems  and  the  two  coordinates  of  the  incidence  point  of 
the  ray  on  the  surface.  As  an  example,  the  traces  of  parallel  neutrino  beams 
passing  through  the  rotating  Earth,  along  vector  r  fixed  by  the  angles  gamma 
(latitude)  and  alpha  (longitude).  By  scanning  horizontal  (gamma=90  grad), 
vertical  (alpha=const)  and  conical  (gamma=const)  slices,  the  integral  density 
along  the  slices  traces  of  the  ray’s  paths  was  calculated,  depending  on  gamma, 
alpha  and  the  coordinates.  The  algorithm  my  be  used  not  only  for  the  neutrino 
topography,  but  also  for  the  seismic  tomography  and  Earth’s  interior,  applied 
with  allowance  for  the  regional  features  of  the  Earth’s  surface. 


ABOUT  THE  RAY’S  ANGLES  FOR  THE  NEUTRINO  TOMOG¬ 
RAPHY  THE  EARTH 
N.P.  Bulatova,  and  N.P.  Bulatova 

-United  Institute  of  Physics  of  the  Earth,  Russian  Academy  of  Sciences, 
Bol’shaya  Gruzinskaya  10,  Moscow,  123810, Russia  . 

The  solar  neutrino  tomography  is  applied  to  obtain  information  about  internal 
structure  of  the  Earth  and  planet.  Variation  in  the  direction  of  natural  neutrino 
fiuxes  within  the  Earth  is  described  by  the  angles  specifying  the  Earth-Sun 
vector.  It  was  found  that,  for  each  of  the  detectors  installed  on  the  Earth 
and  for  the  same  values  of  the  angles,  but  at  different  recording  time,  the 
particle  beams  pass  along  the  same  paths  within  the  Earth.  The  same  ray 
length,  Earth’s  density  and  other  parameters  characterize  the  paths.  The  flux 
traces  and  Earth’s  parameters  are  evaluated  as  a  function  of  three  variables  - 
two  angles  (zenith-angle  and  hour-angle)  and  the  detector  coordinates.  Based 
on  the  equality  of  these  angles  for  different  moments  of  time,  the  events  to  be 
obtained  in  different  years  as  a  result  of  scanning  the  Earth  by  solar  neutrino 
may  be  combined  to  compile  the  database  for  each  detector. 


GEOID  AND  DYNAMIC  TOPOGRAPHY  FOR  THE  MANTLE 
WITH  A  PARTIALLY  PERMEABLE  BOUNDARY  BETWEEN 
UPPER  AND  LOWER  MANTLE 

O.  Gadek  (1,2)  and  L.  Fleitout  (1) 

(1)  T.A.O.,  Ecole  Normale  Superieure,  24  rue  Lhomond,  75251  Paris,  France 

(2)  Charles  University,  Prague,  Czech  Republic  (e-mail:  cadek@jadeite.ens.fr) 

The  inversions  of  the  long-wavelength  geoid  in  conjunction  with  the  seismic 
tomographic  information  have  so  far  been  carried  out  mostly  under  the  as¬ 
sumption  of  either  whole-mantle  or  perfectly  layered  circulation.  We  have  test¬ 
ed  whether  the  prediction  of  the  geoid  could  be  improved  by  including  a  semi- 
permeable  behavior  of  the  650-km  discontinuity.  The  permeability  of  the  bound¬ 
ary  is  changed  by  imposing  a  surface  density  anomaly  at  a  depth  of  650  km 
which  is  proportional  to  that  which  would  annihilate  the  vertical  flux  across 
the  boundary.  In  the  first  step  we  have  assumed  that  the  viscosity  varies  only 
with  depth.  The  best  fit  of  the  geoid  is  found  if  the  permeability  of  the  650-km 
boundary  is  reduced  to  one  third  of  that  for  the  purely  whole-mantle  model. 
The  resultant  viscosity  profile  is  characterized  by  a  clearly  defined  astheno- 
sphere  and  a  large  viscosity  increase  in  the  lower  mantle.  The  amplitudes  of 
dynamic  topography  are  remarkably  small  (~  50  m),  thus  in  agreement  with 
the  observation.  In  the  next  step  we  have  imposed  the  lateral  variations  of  vis¬ 
cosity  (LVV)  linked  with  variations  in  the  lithospheric  structure.  The  inclusion 
of  the  LVV  does  not  lead  to  a  significant  improvement  of  the  geoid  prediction 
but  dramatically  influences  the  flow  field  in  the  upper  mantle  which  may  be 
important  for  the  interpretation  of  the  seismic  anisotropy  data. 
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COULD  THE  SLAB-LIKE  STRUCTURES  FOUND  TO  EXTEND 
INTO  THE  DEEP  LOWER  MANTLE  BE  EXPLAINED  BY  THER¬ 
MAL  COUPLING? 

H.  Cizkova.  A.  P.  van  den  Berg  and  N.  J.  Vlaar 
Department  of  Geophysics,  Utrecht  University. 
cizkova*hotspot .  geoi .  mu .  nl 

The  question  whether  the  style  of  convection  is  whole-mantle  or  layered  has 
been  discussed  from  many  viewpoints.  Recently,  a  strong  argument  favouring 
the  whole-mantle  concept  came  from  the  results  of  seismic  tomography  when 
the  high  resolution  models  detected  the  seismically  fast  slab-like  structures  ex¬ 
tended  into  the  deep  lower  mantle.  This,  however,  does  not  necessarily  mean, 
that  slabs  really  penetrate  the  660-km  boundary.  Thermal  coupling  between 
the  partially  or  fully  separated  upper  and  lower  mantle  flow  systems  could 
be  an  alternative  explanation  of  the  tomographic  results.  In  present  study  we 
investigate  the  possibility  that  the  seismic  velocity  anomalies  found  in  the  low¬ 
er  mantle  can  be  associated  with  the  downwellings  induced  by  the  cold  slab 
material  lying  above  the  660-km  boundary  rather  than  with  the  slabs  pene¬ 
trating  into  the  lower  mantle.  We  use  a  2-D  model  of  subduction,  assume  the 
temperature-  and  pressure-dependent  viscosity  and  take  into  account  several 
concepts  of  viscosity  stratification  with  depth  based  on  the  results  of  recent 
geoid  interpretations.  The  preliminary  results  idicate  that  even  if  the  660  km 
boundary  is  impermeable  the  flow  currents  induced  in  the  lower  mantle  in 
some  models  of  mantle  viscosity  stratification  could  explain  tomographic  re¬ 
sults  without  the  presence  of  the  upper  mantle  material  deeper  than  660  km. 


DYNAMICS  AND  PATE  OF  A  STRATIFIED  MANTLE;  MIXING 
AND  HOT  SPOTS 
A.  Davuilln 

Institut  de  Physique  du  Globe  d«  Paris,  Paris,  France. 
davalllaCipgp . Jussiau . Ir 

Doth  geochemical  and  sismulugical  data  show  that  the  mantle  is  heterogeneous 
in  density  on  very  differenl  length.scales.To  better  iinderalaiid  the  influence  of 
those  heterogeneities  on  the  convective  regime  of  the  Mantle,  we  investigate  the 
mixing  and  thermal  pattern  resulting  from  thermal  convection  in  two  super¬ 
posed  layers  of  miscible  fluids,  using  laboratory  experiments.  Rayleigh  numbers 
between  300  and  4.10^  were  obtained  for  initial  density  ratios  between  0.45  and 
5  %,  viscosity  ratios  between  1  and  6.10’',  and  depth  r,atios  between  1  and  10. 
Quantitative  measurements  of  lieat  flux  and  mass  flux  were  made  and  .sealing 
laws  derived. 

Motions  occur  on  two  scales:  (1)  small-scale  thermal  instabilities  originating  at 
the  outer  boundaries  are  modulated  by  (2)  a  large-scale  circulation  generated 
at  the  interface  through  the  intcractioii  of  lateral  thermal  lieterogencities  and 
the  chemical  density  gtadiciil.  Entrainment  occurs  only  through  (2):  the  mast 
viscous  layer  entrains  cold  sheets  of  less  viscous  fluid,  creating  a  pattern  of  3  U 
cells  while  the  entrainment  in  the  less  viscous  fluid  oeeiirK  lliruugh  cylindrical 
narrow  and  hot  plumes  centered  on  each  cell.Such  a  stratification  in  the  Mantle 
would  last  for  more  than  40.10",  and  the  interface  would  move  down.  The  lower 
reservoir  would  contribute  to  between  1  and  15  %  of  each  hot  spoi  mass  flux 


”410”  AND  ”660”  KM  DISCONTINUITY  PROPERTIES  AND 
THERMODYNAMIC  MODELS. 

J.  Collier  and  G.  Helffrich 

Dept,  of  Geology,  University  of  Bristol,  Queen’s  Road,  Bristol  BS8  IRJ,  UK. 
jonathanCgly.bris.ac.uk/Fax:  -1-44  117  925  3385 

Regional  arrays  of  seismometers  in  the  United  Kingdom  and  western  United 
States  ate  used  to  investigate  the  properties  of  the  ‘410’  and  ‘660’  km  seis¬ 
mic  mantle  discontinuities  in  western  Pacific  and  South  American  subduction 
zones.  We  enhance  weak  arrivals  between  P  and  sP,  caused  by  interactions 
with  these  discontinuites,  using  slant-stacking.  Results  from  the  Izu-Bonin  re¬ 
gion  indicate  that  the  ‘410’  is  elevated  by  60  km  and  the  ‘660’  depressed  by  40 
km  in  the  vicinity  of  cold  subducted  material.  Combined  with  Clapeyron  slope 
estimates  an  800  degree  slab-induced  thermal  anomaly  is  indicated  compared 
to  the  mantle  at  a  depth  of  350  km.  As  the  ‘410’  moves  shallower  reflections 
from  it  become  dimmer  indicating  a  reduction  in  its’  sharpness.  The  weakest 
p‘410’P  arrivals  observed  originate  near  the  coldest  part  of  the  slab.  Both  the 
depth  and  sharpness  properties  of  the  discontinuity  are  consistent  with  a  phase 
change  origin  with  a  positive  Clapeyron  slope.  We  compare  observed  reflection 
and  conversion  coefficients  with  those  calculated  from  thermodynamic  models 
of  the  olivine  to  /3-modified  spinel  phase  change.  Preliminary  results  indicate 
that  these  seismological  observations  are  larger  than  the  thermodynamic  mod¬ 
elling  suggests.  Water  concentration  may  also  affect  ‘410’  sharpness,  since  H2O 
strongly  prefers  the  ^-phase  to  olivine,  broadening  the  transition.  Our  results 
suggest  that  no  more  than  400  ppm  water  is  present  at  this  depth. 


FORMATION  OF  A  METASTABLE  OLIVINE  WEDGE  IN  A  SUB¬ 
DUCTING  SLAB 

J.P.  Devaux  (1,2),  G.  Schubert  (2)  and  C.  Anderson  (3) 

(1)  E.N.S.,  C.N.R.S.  U.R.A.  1316,  Paris,  France,  (2)  UCLA,  Los  Angeles,  USA, 
(3)  LANL,  Los  Alamos,  USA. 
devauz6jadeite.ens.fr/Fax:  [33]  1  44  32  22  00 

We  present  a  thermal  model  of  a  descending  slab  in  which  the  reaction  of  olivine 
to  spinel  is  controlled  by  pressure-  and  temperature-dependent  kinetics.  We 
use  a  finite  element  method  to  solve  the  coupled  heat  conduction  and  kinetics 
equations,  and  we  include  the  latent  heaj  of  the  transformation.  Latent  heat 
release  together  with  heat  conduction  reduces  significantly  the  length  of  the 
metastable  olivine  wedge  and  results  in  a  very  thin  (<  5  km)  two-phase  region. 
We  employ  the  thermal  parameter  of  the  slab  to  interpret  the  results  for  the 
length  of  the  wedge  .  If  the  occurrence  of  deep  earthquakes  is  related  to  the 
transformation  of  metastable  olivine  to  spinel,  then  data  on  earthquake  depth 
versus  thermal  parameter  require  that  the  onset  of  the  reaction  takes  place  at 
temperatures  of  about  550"  -  575"C.  In  this  case  the  slab  thermal  parameter 
must  be  larger  than  10,000  km  for  the  metastable  olivine  wedge  to  extend  down 
to  660  km  depth.  But  deep  earthquakes  occur  near  660  km  depth  in  slabs  with 
thermal  parameter  as  smalt  as  about  5000  km  (South  America,  for  example). 
Either  some  deep  earthquakes  are  unrelated  to  olivine  metastability  or  our 
knowledge  of  olivine-spinel  reaction  kinetics  is  incomplete.  Using  a  viscoplastic 
rheology,  the  strain  and  stress  inside  the  slab  are  also  computed.  Down  dip 
compression  is  found  inside  the  wedge. 


ANISOTROPY  OF  HETEROGENEITY  SCALE  LENGTHS  IN 
THE  LOWER  MANTLE 
V.F.  Cormier 

Department  of  Geology  and  Geophysics,  University  of  Connecticut,  Storrs,  CT 
06269-2045,  USA. 

cormierCgeol .  uconn .  edu/Fax:  860-486-1383 

High  frequency  precursors  to  PKIKP,  scattered  by  statistical  models  of  D'* 
heterogeneity,  are  computed  by  applying  standard  and  generalized  Born  ap¬ 
proximations  with  elastic  Green’s  functions  computed  by  dynamic  ray  tracing 
and  summation  of  Gaussian  beams.  Heterogeneity  having  either  an  isotropic 
or  an  anisotropic  distribution  of  scale  lengths  can  fit  the  observed  coda  shapes 
and  decay  rates  with  distance  of  PKIKP  precursors.  PKIKP  precursors  con¬ 
strain  the  power  of  the  heterospectrum  to  D”  to  have  1  to  3%  perturbation  in 
P  velocity  in  the  horizontal  direction  for  scale  lengths  on  the  order  of  20  km. 
The  vertical  scale  lengths  of  heterogeneity,  however,  can  have  significant  power 
at  lengths  as  large  as  200  km  and  still  be  consistent  with  most  precursor  data. 
Both  isotropic  and  anisotropic  models  of  the  distribution  of  scale  lengths  have 
heterogeneity  extending  up  to  1000  km  above  the  core-mantle  boundary.  The 
anisotropic  distribution  of  scale  lengths,  with  longer  vertical  than  horizontal 
scale  lengths,  predicts  slightly  lower  frequency  content  for  PKIKP  precursors 
than  the  isotropic  model.  This  model  also  predicts  transverse  isotropy  of  long 
period  shear  waves  traversing  D”  such  that  SV  is  faster  than  SH  in  all  azimuths. 
These  predictions  can  be  exploited  to  detect  regional  variations  in  the  statistics 
of  the  heterospectrum  of  D”  heterogeneity. 


SEISMIC  VELOCITY,  TEMPERATURE  AND  COMPOSITION: 
THE  MENDOCINO  TRIPLE  JUNCTION  AREA 

I.  DilUsse  (1),  S.  Goes  (1),  R.  Covers  (1)  and  P.  Vacher  (2) 

(1)  Vening  Meinesz  Research  School  of  Geodynamics,  Faculty  of  Earth  Sciences, 
Utrecht  University,  the  Netherlands,  (2)  Lab.  Geophysique  et  Planctologie, 
Uiiiversite  de  Nantes,  France. 

In  the  context  of  the  NEESDI  program  we  started  an  effort  to  invert  tomo¬ 
graphic  images  of  P-  and  S-wave  velocities  for  temperature  and  composition 
of  the  uppermost  mantle.  As  a  first  step  we  perform  forward  modeling  of  P- 
wave  velocity  anomalies  (Benz  et  al.  1992)  below  the  Mendocino  Triple  .Junc¬ 
tion  (MTJ)  area  in  northern  California,  where  independent  information  on  the 
thermal  structure  is  available  from  three-dimensional  modeling  based  on  the 
kinematic  evolution  of  the  triple  junction  (Goes  et  al.,  1997). 

At  the  northwestward  migrating  MTJ  subduction  of  the  Juan  de  Fuca  plate  be- 
lu'ath  North  America  gets  replaced  by  transform  motion  along  the  San  Andreas 
fault  system.  Well  documented  kinematics  for  this  area  predict  a  pronounced 
tliermal  signature  as  the  lithospheric  "window”  left  behind  the  subducting  slab 
is  filUxl  with  warm  asthenosphere.  Anomalies  in  heatflow  and  seismic  velocities 
have  been  attributed  to  this  warm  shallow  slab  window.  Preliminary  forward 
modeling  results  indicate  that  temperature  alone  yields  anomalies  with  longer 
wavelength  and  smaller  amplitude  than  those  obtained  from  seismic  tomog¬ 
raph}’.  We  investigate  whether  incorporating  the  effect  of  composition  for  the 
oceanic  lithosphere,  tin*  slab  window  and  the  continental  lithosphere  results  in 
a  better  agreement  with  the  observed  velocities. 
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HEAT  TRANSFER  AT  THE  BASE  OF  THE  LITHOSPHERE  FOR 
A  NEWTONIAN  AND  NON-NEWTONIAN,  HIGHLY  TEMPER¬ 
ATURE  AND  PRESSURE  DEPENDENT  RHEOLOGY 
C.  Dumoulin  (1),  M.-P.  Doin  (1)  and  L.  Fleitout  (1) 

(1)  Ecole  Normale  superieure,  24  rue  Lhomond,  75231  Paris  Cedex  05,  France. 
dumottli&Qjadeite . ens.fr 

A  numerical  model  of  bottom-heated,  two-dimensional  convection  is  used  to 
study,  in  Newtonian  and  non-Newtonian  rheology,  the  relationship  between 
the  surface  heat  flow  number  and  the  viscosity  at  the  base  of  the  lithosphere. 
We  find,  for  both  cases,  a  law  of  the  following  form  :  Nu  a  where 

STeff  is  the  temperature  jump  in  the  destabilised  part  of  the  lithosphere.  STejf 
contains  a  corrective  term  which  takes  into  account  the  pressure-dependence 
of  the  viscosity. 

The  law  above  is  not  valid  for  low  heat  flow  cases.  For  ^  <  4  with  a  Newtonian 
rheology,  and  ^  <  2.5  with  a  Non-Newtonian  rheology,  the  exponent  of  the 
Rayleigh  number  is  close  to  0.2  as  predicted  by  the  boundary  layer  theory. 
The  predicted  heat  flow  are  the  same  for  Newtonian  and  non-Newtonian  cases 
if  the  activation  energy  in  the  non-Newtonian  case  is  twice  the  one  in  the  New¬ 
tonian  case. 

With  this  law,  we  can  have  an  estimation  of  the  viscosity  at  the  base  of  the 
stable  oceanic  lithosphere.  If  the  surface  heat  flux  due  to  the  secondary  convec¬ 
tion  is  of  40  to  50  mW.m'",  the  viscosity  is  predicted  to  be  between  1.62.10^® 
and  3.66.10^®  Pa.s. 


A  NUMERICAL  STUDY  OF  THE  DYNAMICS  OF  SUBDUCTING  SLABS 
AND  TRANSPORT  OF  MELT  THROUGH  THE  MANTLE  WEDGE 

M.  A.  Eberle.  0,  Grasset  and  C.  Sotin 

Laboratoire  de  Geophysique,  UFR  Sciences.  44322  Nantes  Cedex  3,  FRANCE. 
eberle@chimie. univ-nantes.fr/  Fax:  33.240374948 

Geochemical  evidence  from  ^®Be  measurements  indicates  that  material  from  the 
downgoing  slab  is  erupted  within  a  relatively  short  time  after  being  subducted  (8-10 
Ma).  This  indicates  that  melted  material  from  the  subducting  stab  is  not  migrating 
vertically  towards  the  surface  in  a  simple  stokes-flow  pattern.  The  melt  must 
migrate  much  more  rapidly  from  the  slab  to  the  surface  in  order  to  satisfy  the 
geochemical  evidence.  Melt  may  migrate  rapidly  if  it  flows  through  a  porous 
network  of  interconnected  channels  or  if  it  lowers  the  overall  viscosity  of  the 
mantle.  To  explore  how  melt  is  transported  through  the  mantle  wedge  we  have 
formulated  a  thermal  convection  model  which  solves  Stockes  equation  in  a 
subduction  zone.  Velocity  field  is  computed  using  a  penalty  function  finite  element 
formulation  with  direct  inversion  solver.  Temperature  field  is  determined  with  a 
Smolarckiewicz  scheme.  Rheology  is  highly  temperature  dependent  so  that  the  slab 
maintains  its  rigidity  compared  to  the  mantle  even  when  the  slab  approaches  the 
surounding  mantle  temperature.  Incorporating  tracers  into  our  model  will  allow  us 
to  examine  the  timescale  for  material  to  descend  with  the  slab  and  return  to  the 
surface  with  the  melt.  We  will  also  incorporate  a  seismic  model  to  analyze  the 
velocity  structure  as  it  depends  upon  the  pressure,  temperature  and  presence  of 
melt. 


INFLUENCE  OF  PLATE  KINEMATICS,  CONVECTION  INTENSITY,  AND 
SUBDUCTION  GEOMETRY  ON  EARTH’S  UPPER  MANTLE  DVT^  AMICS 

D.  Insereueix-Filipoi  ( 1 ).  L.  Dupeyrat  ( I ),  E.  Trie  (2)  and  M.  Menvielle  (3) 

(1)  Laboratoire  de  Geologie  Dynamique  de  la  Terre  et  des  Planetes,  (2)  Laboratoire 
d'lnformatique  pour  la  Mecanique  et  les  Sciences  de  ITngenieur,  (3)  Laboratoire  de 
Physique  de  la  Terre  et  des  Planetes,  Universite  de  Paris  XL  9 1405  Orsay 

This  study  reports  results  of  a  2D  numerical  mantle  convection  model  that  accounts 
for  the  rigidity,  movement  and  geometry  of  a  subducting  plate  by  prescribing 
particular  kinematic  boundary  conditions.  For  Rayleigh  numbers  in  the  range 
1.2x10^-6x10^.  a  motionless  overriding  plate,  subduction  dip  angles  of  70®.  45®,  and 
30®,  and  subduction  velocities  in  the  range  0.3-10  cm/yr,  we  precise  the  interactions 
of  the  subducting  plate  as  well  as  the  overriding  one  with  the  underlying  mantle. 
First,  the  circulation  may  be  either  steady  or  unsteady.  In  the  latter  case,  only 
obtained  for  subduction  dip  angles  greater  than  30®.  we  observe  instabilities  that 
affect  both  horizontal  thermal  boundary  layers  under  the  moving  plate  and  only  the 
upper  thermal  boundary  layer  under  the  motionless  overriding  plate.  Then,  below  the 
moving  plate  and  for  angles  greater  than  30®,  we  find  as  previous  studies  with  free 
subduction  that  the  greater  the  convection  intensity,  the  greater  the  plate  velocity  is 
required  to  obtain  a  steady  monocellular  pattern,  traducing  the  dynamical  mantle 
plate-coupling.  This  is  not  characteristic  of  an  angle  of  30°  because  the  downgoing 
plate  has  a  strongly  stabilising  influence.  Below  the  motionless  overriding  plate,  it  is 
predicted  a  surprising  single-cell  circulation  under  this  plate  for  a  sufficient 
convection  intensity.  This  monocellular  pattern  is  obtained  for  a  smaller  subducting 
plate  velocity  as  the  subduction  dip  angle  is  smaller.  Correlations  with  surface 
observables  as  back-arc  stress  states  are  discussed. 


NORMAL-MODE  CONSTRAINTS  ON  MANTLE  STRUCTURE 

Miaki  Ishii  and  Jeroen  Tromp 
Harvard  University,  Cambridge,  U.S.A.. 
trompCeps . harvard . edu 

The  sensitivity  of  the  Earth’s  normal  modes  to  lateral  heterogeneity  majf  be 
expressed  in  terms  of  ‘splitting  functions’  or  ‘interaction  coefficients’  which 
represent  a  2-D  radial  average  of  the  mantle’s  3-D  heterogeneity.  Recently,  a 
large  number  of  splitting-function  coefficients  has  become  available  through 
analysis  of  seismograms  recorded  after  several  large  earthquakes  in  1994-1996. 
These  include  splitting-function  coefficients  of  toroidal  modes  and  of  cross- 
coupled  modes,  some  of  which  are  sensitive  to  the  odd  degree  heterogeneity.  We 
are  using  these  new,  improved  sets  of  splitting-function  coefficients  to  recover,  in 
addition  to  shear  speed  perturbations,  even  and  odd  degree  lateral  variations 
in  bulk  sound  speed,  density,  and  topography  on  internal  discontinuities.  Of 
particular  interest  are  the  scaling  relations  between  bulk  sound  and  shear  speed, 
and  between  density  and  shear  speed. 


HEAT  CELLS  AND  MANTLE  CONVECTION 

N.N.  Khristoforova 

Kazan  State  University,  Russia 

Anatoly.Khri3toforov@ksu.ru 

The  experimental  study  of  temperature  and  heat  flow  anomalies  was  made 
on  the  East  European  platform.  We  made  temperature  measurements  in  572 
deep  boreholes  which  had  a  steady  temperature  regime.  The  research  results 
convince  us  that  there  is  the  spatial  periodical  pattern  of  terrestrial  heat  flow. 
Our  experiments  have  revealed  large  positive  heat  flow  anomalies  surrounded 
by  zones  of  low  heat  flow  (heat  cells).  They  have  characteristic  sizes  of  the 
order  300  to  750  km.  The  model  of  small-scale  convective  flows  in  the  mantle 
well  agrees  with  these  data.  The  observed  heat  flow  anomalies  can  be  explained 
by  the  existence  of  convection  cells  with  upwelling  centers.  For  example,  these 
are  the  Central-Russian,  Precaucasus,  and  Greater  Caucasus  cells.  The  cells 
are  characterized  by  an  extensive  ascending  region,  isolated  descending  stripes 
with  small  areas  extent,  and  narrow  transition  zones  with  rapidly  varying  heat 
flow.  .Numerical  modeling  is  used  to  investigate  the  processes  leading  to  the 
observed  heat  flows.  The  best  coincidence  between  theoretical  and  measured 
temperatures  and  heat  flows  is  observed  when  the  lower  boundary  condition 
at  the  asthenosphere  top  is  given  in  a  form  of  the  temperature  distribution 
corresponding  to  a  hexagonal  convection  cell  in  the  mantle.  It  might  there¬ 
fore  be  concluded  that  the  heat  flow  distribution  itself  offers  a  direct  view  of 
mantle  convection  revealing  the  geometry  of  flows,  its  vigor,  spatial  sizes  and 
interrelation  of  cells.  Our  results  also  provide  a  simple  explanation  for  the  heal 
flow  distribution  in  spreading  zones.  Thermal  models  predict  the  existence  of 
a  siuall'scale  cellular  convection  beneath  mid  -ocean  ridges. 


SURFACE-WAVE  POLARIZATION  TOMOGRAPHY 
Erik  Larson.  Goran  Ekstrom  and  Jeroen  Tromp 
Harvard  University,  Cambridge.  U.S..\.. 
trompCeps . harvard . edu 

In  order  to  better  constrain  upper  mantle  lateral  heterogeneity,  we  have  col¬ 
lected  and  analyzed  observations  of  surface  wave  phcise  and  arrival  angle  in 
the  period  range  125  to  35  seconds.  Arrival  angle  measurements  are  only  at¬ 
tempted  on  seismograms  for  which  phase  dispersion  was  previously  measured 
accurately.  We  have  created  a  database  of  about  9,000  Rayleigh  and  13,000 
Love  wave  arrival-angle  measurements.  The  new  observations  are  interpreted 
in  terms  of  station  misorientation  and  global  phase  velocity  structure.  We  find 
that  several  stations  have  horizontal  components  for  which  the  orientation  has 
been  incorrectly  reported.  The  misorientation  of  stations  can  be  as  large  as 
10®  and  explains  a  significant  amount  of  the  signal  in  the  data.  At  this  stage, 
our  results  show  at  least  16  stations  are  misoriented.  After  removing  these  sta¬ 
tion  corrections,  we  interpret  the  measurements  in  terms  of  lateral  variations 
in  phase  velocity.  We  invert  the  arrival-angle  measurements  to  obtain  maps  of 
phase  velocity  which  correlate  well  with  maps  derived  from  surface-wave  phase 
measurements.  We  then  combine  the  phase  and  arrival-angle  measurements  to 
obtain  models  which  satisfy  both  data  sets,  We  have  compared  lliese  models  to 
regional  studies  where  they  exist,  and  often  see  similar  features.  Our  models, 
however,  are  global  and  thus  provide  insight  into  the  structure  of  regions  of  the 
upper  mantle  which  are  inaccessible  by  other  means. 
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LITHOSPHERIC  AND  ASTHENOSPHERIC  STRUCTURE  OF 
THE  INDIAN  OCEAN  FROM  A  WAVEFORM  TOMOGRAPHY 

J.-J.  Leveque  (1)  and  E.  Debayle  (2) 

(1)  Institut  de  Physique  du  Globe-CNRS,  Strasbourg,  F-67084  France,  (2)  Re¬ 
search  School  of  Earth  Sciences,  A-N.U,  Canberra,  ACT  0200,  Australia. 

The  upper  mantle  structure  of  the  Indian  Ocean  is  studied  by  a  tomographic 
method  based  on  a  waveform  inversion  of  surface  wave  seismograms.  The  wave¬ 
form  modelling  allows  to  build  an  average  model  for  the  epicenter-to-station 
path,  accounting  simultaneously  for  several  seismograms  related  to  that  path. 
Love  and  Rayleigh  wave  seismograms  for  earthquakes  at  different  depths  in 
a  same  epicentral  region  are  used  for  this  purpose.  The  inverted  parameters 
are  primarily  the  S-velocity,  the  i  anisotropic  parameter  and  the  S-wave  at¬ 
tenuation  factor  as  functions  of  depth.  The  path-averaged  structural  pa¬ 
rameters  obtained  from  the  waveform  inversion  are  then  turned  into  a  3-D 
structure  through  a  tomographic  method,  namely  a  continuous  regionalization 
performed  at  each  depth.  In  this  tomographic  stage,  the  azimuthal  anisotrofw’ 
pattern  can  be  retrieved  in  addition  to  the  S-velocity  3-D  structure.  While  most 
features  observed  on  the  S-velocity  and  on  the  S-anisotropy  are  in  good  agree¬ 
ment  with  what  is  expected  from  tectonics  (low  velocities  beneath  the  ridges, 
fast  anisotropic  direction  parallel  to  the  plate  motion),  exceptions  exist,  like  a 
high  velocity  zone  at  shallow  depth  beneath  a  small  part  of  the  East  Indian 
ridge  and  a  drastic  change  in  the  fast  anisotropic  direction  beneath  .Australia 
at  1.50-200  km  depth.  Results  on  the  attenuation  structure,  more  difficult  to 
obtain  and  to  validate,  will  be  also  discussed. 


SOME  TESTS  ON  THE  REFLEXION  AND  TRANSMISSION 
PROPERTIES  OF  THE  660  KM  SEISMIC  DISCONTINUITY 

A  MncnueiCn.  J.  Castillo,  and  P.  Vacher(2) 

Laboratoire  de  Geophysique  et  Plandtologie,  University  de  Nantes 
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In  a  recent  paper,  Vacher  et  al,  proposed  that  transformations  of  the  non¬ 
olivine  components  of  mantle  mineralogy  could  significantly  influence  the 
amplitude  of  the  660  km  seismic  discontinuity,  whatever  the  style  of  mantle 
convection  relevant  to  a  given  location  in  the  Earth's  mantle  (i.e.  stratified  or 
whole-mantle  convection).  In  particular,  mineralogical  transformations  in  the 
gamet-ilmenite-perovskite  system  could  lead  to  a  multiple-step  transition  from 
the  upper  to  the  lower  mantle  in  cold  regions  of  the  mantle,  in  addition  to  the 
discontinuity  induced  either  by  the  thermal  boundary  layer  separating  the 
lower  mantle  from  the  upper  mantle  (stratified  convection)  or  by  the  y-spinel 
to  Mg-perovskite  and  magnesiowustite  reaction  (whole  mantle  convection). 
These  conclusions  were  drawn  after  a  direct  comparison  between  theoretical 
amplitudes  of  seismic  discontinuities  computed  using  mineral  physics  data, 
and  the  observed  strengths  of  the  660  km  discontinuity  in  different  one¬ 
dimensional  seismic  models.  Here,  the  reflexion  and  transmission  properties  of 
the  theoretical  seismic  discontinuities  are  computed  in  order  (1)  to  test  how 
efficiently  they  can  be  sampled  by  seismic  waves,  and  (2)  to  determine  the 
type  of  waves,  the  domain  of  epicentral  distances,  and  the  seismic  frequency 
range  which  would  be  most  useful  to  evidence  them  as  accurately  as  possible. 


ONSET  OF  CONVECTION  IN  BINARY  FLUIDS  WITH 
TEMPERATURE-DEPENDENT  VISCOSITY 
A.  Mambole  (1,2),  L.  Fleitout  (1),  G.  Labrosse  (2)  and  E.  Trie  (2) 

(1)  Laboratoire  de  Geologic  de  I’E.N.S.,  Paris  C.N.R.S.  U.R.A.  1316,  France, 

(2)  L.I.M.S.L,  Orsay  C.N.R.S.  U.R.A.  3251, France. 
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We  consider  an  infinite  horizontal  binary  fluid  layer  with  inflte  Prandtl  number 
heated'., from  below.  The  onset  of  Rayleigh-Benard  convection  is  investigated  in 
the  case  of  a  temperature-dependent  viscosity.  On  the  horizontal  boundaries 
which  are  rigid,  the  temperature  and  concentration  values  are  fixed.  A  linear 
stabilitv  analysis  is  performed  using  a  perturbation  method  based  on  a  Fourrier 
expahS’ibn  on  the  x-axis  and  a  Tchebychev  polynomial  expansion  on  the  y-axis. 
We  determine  at  Le=0  (Le=Lewis  number)  how  the  viscosity  and  the  sepa- 
ratioii'-ratios  influence  the  critical  parameters  which  quantify  the  onset  of  the 
convection  (Rayleigh  number,  wave  number,  frequency).  We  show  that  the  ap¬ 
proximations,  regularly  used  for  these  critical  values  at  constant  viscosity,  are 
only  valid  for  values  of  the  separation  ratio  between  -0.8  and  O.We  extend  the 
theory  of  convection  in  sublayer  well  known  for  monocomponent  fluids  with 
strongly  temperature-dependent  viscosity  to  binary  fluids. 

In  a  frame  with  Lewis  number  on  the  x-axis  and  separation  ratio  on  the  y-axis, 
the  critical  Rayleigh  number  reaches  a  maximum  and  the  critical  wave  number 
becomes  constant  when  convection  goes  from  oscillatory  to  stationary. 


EFFECTS  OF  MANTLE  FLOW  ON  THE  ORIENTATION.  DIS¬ 
TRIBUTION  AND  MOTION  OF  PLUMES  AND  SLABS 

R.  J.  O’Connell  (1)  and  B.  Steinberger  (2) 

(1)  Harvard  University,  Cambridge  MA  02138,  (2)  Institut  fiir  Meteorologie 
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We  construct  models  of  mantle  flow  based  on  density  heterogeneities  inferred 
from  seismic  tomography  and  plate  geometry  and  motions  to  study  the  trans¬ 
port  of  plumes  and  subducted  material  in  the  mantle.  The  models  incorporate 
the  history  of  plate  motions  over  the  last  ^100  My  and  advect  the  density  field 
over  the  same  time.  Plumes  are 

modelled  as  initially  vertical  buoyant  conduits  that  are  tilted  by  the  flow.  Sub¬ 
ducted  material  is  modelled  as  density  elements  that  sink  as  they  are  adverted 
by  mantle  flow. 

The  observed  distribution  of  plumes  is  similar  to  an  initially  random  distribu¬ 
tion  that  is  organized  by  large  scale  mantle  flow.  Plume  sources  on  the  CMB  are 
displaced  from  hotspots  by  several  degrees.  The  source  of  Hawaii  is  SE  of  the 
hotspot:  the  sources  of  Kerguelen,  Reunion  and  Tristan  are  closet  to  southern 
Africa  than  are  the  hotspots. 

Slabs  sink  into  the  lower  mantle,  and  are  displaced  laterally  by  hundreds  of 
kilometers.  The  models  exhibit  an  increase  of  viscosity  with  depth  in  the  lower 
mantle,  and  a  low  viscosity  upper  mantle,  similar  to  other  models.  These  models 
provide  a  link  between  seismic  tomography  and  seismic  observations  of  plumes 
and  slabs  as  well  as  geologic  observations  of  hotspots  and  plate  tectonics. 
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FROM  ACH  TELESEISMIC  TOMOGRAPHY  TO  ABSOLUTE 
VELOCITY 

F.  Masson  {!)  and  J.-J.  Leveque  (2) 
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A  popular  method  for  3-D  seismic  imaging  of  the  Earth's  structure  is  the  ACH 
method  named  after  Aki  et  al.  (1977).  This  method  is  characterised  by  the 
use  of  relative  residuals,  in  order  to  avoid  biases  coming  from  errors  on  the 
hypocentre  location  and  on  the  origine  time  of  the  event,  and  also  from  the 
differences  between  the  actual  Earth  structure  and  the  1-D  reference  model 
used  outside  the  target  volume.  .As  a  consequence,  the  .ACH  method  do  not 
really  retrieve  the  3-D  structure  of  the  target  volume,  but  instead  provides 
velocity  contrasts  relative  to  the  layer-average  of  the  velocity,  this  average  value 
remaining  unknown.  This  particularity  of  the  method  impairs  the  interpretation 
of  .ACH  tomographies  in  two  ways.  First  the  velocity  contrast  are  known  only  in 
the  horizontal  direction.  Vertical  cross-sections  can  therefore  be  meaningless. 
Second  the  unknown  layer-average  velocities  act  as  free  parameters  and  can 
ea.sily  transform  a  negative  contrast,  for  example,  into  a  high  velocity  zone. 
.A  way  to  avoid  these  two  problems  is  to  get  knowledge  on  the  1-D  average 
model  for  the  target  volume  from  independent  data.  In  this  paper,  we  examine 
on  synthetic  data  how  the  knowledge  of  the  average  1-D  model  for  the  target 
volume  can  improve  the  interpretation  of  .ACH  results.  We  then  construct  an 
absolute  3-D  velocity  model  for  northern  Tibet  by  combining  the  results  of  an 
.ACH  study  with  a  regional  l-D  model  derived  from  a  global  surface  wave  study. 


EQUATION  OF  STATE  OF  MAGNESIOWUESTITE  AND  WUESTITE 

V.L.  Pankov,  N.Ya.  Bubnova,  and  A.  A.  Kalachnikov  (Joint  Institute  of  Physics  of  the 
Earth,  Moscow,  123810  Russia,  e-mail:  pankov@uipe-ras.scgis.ru) 

Equation  of  state  (EOS)  of  magnesiowuestiie  (0.6Mg,0.4Fe)0  is  determined  by  the 
potential  method,  using  the  X-ray  data  by  Y.Fei  et  al.  (1992)  at  pressures  to  30  GPa 
and  temperatures  to  800  K.  The  use  of  the  high-  temperature  X-ray  data  significantly 
improves  the  fitted  EOS.  The  least-  squares  fit  yields  the  following  values  at  ambient 
conditions:  the  adiabatic  bulk  modulus  K  =  159  GPa,  its  pressure  derivative  K'=  3.9, 
the  isothermal  and  adiabatic  Anderson-Grunelsen  parameters  delta!  =  4.7  and  deltaS 
=  2.0,  respectively,  the  volume  expansivity  alpha  =  3.4E-5,  the  Debye  temperature  is 
600  K,  and  the  Gruneisen  gamma  is  1.5.  For  P  =  0  and  T  =  1700K,  we  found  K  =  127 
GPa,  K-  4.0,  delta!  =  3.3,  deltaS  =  1.8,  and  alpha  =  4.8E-5;  and  for  P  =  24  GPa  and 
T  =  1900  K,  we  have  K  =  230  GPa,  K-  3.5,  delta!  =  2.9,  deltaS  =  1.4,  and  alpha  = 
3.3E-5,  The  EOS'  of  magnesiowueslite  and  periclase  and  the  volume  additivity 
condition  were  used  to  determine  the  EOS  of  wuestite.  The  EOS'  obtained  are  suitable 
for  the  analysis  of  the  lower  mantle  composition. 
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PHASE  DIAGRAMS  OF  THE  MANTLE  MINERAL  SYSTEMS 
AND  THE  MANTLE  TRANSITION  ZONE 
V.L.  Pankov,  A. A.  Babeyko,  and  A. A.  Kalachnikov  and  V.L.  Pankov 
Joint  Institute  of  Physics  of  the  Earth,  Russian  Academy  of  Sciences,  Bol'shaya 
Gruzinskaya  10,  Moscow,  123810, Russia  . 

The  phase  relationships  and  complete  phase  diagrams  of  the  systems  MgO  — 
Si0->Fe0  —  Si02-,  Mg2Si04- FciSiO^,  MgSiOs-FeSiOa,  and  MgO  —  FeO  — 
Si02  are  calculated  with  the  help  of  the  Gibbs  energies  determined  by  the 
potential  method  in  a  pressure-temperature  range  of  up  to  25  GPa  and  2500  K. 
The  phases  involved  in  the  computation  are  quartz,  coesite,  stishovite,  olivine, 
two  spinels,  pyroxene,  ilmenite,  perovskite,  and  garnet.  The  Gibbs  energies 
of  the  imaginary  phases  in  the  FeO  -  Si02  system  were  constructed  by  using 
various  constraints  on  their  volume,  metastability,  the  Fe  content  in  the  phases, 
topology  of  the  phase  diagram  fragments,  etc.  The  P-T  diagrams  and  the  phase 
compositions  were  computed  by  direct  minimization  of  the  Gibbs  energj*,  using 
an  algorithm  by  C.  De  Capitani  and  T.H.  Brown  (1987).  These  results  are 
used  to  discuss  the  seismic  structure  and  mineral  composition  of  the  mantle 
transition  zone  at  depths  from  400  to  700  km.  The  sequence  and  depths  of 
the  phase  transitions  in  this  zone  greatly  depend  on  the  bulk  compositions, 
adopted  geotherm,  and  the  properties  of  the  imaginary  phases. 


PHASE  TRANSITIONS  IN  THE  UPPER  MANTLE 

Y.  Ricard  (1).  J.  Matas  (1),  Y.  Le  Stunff  (1)  and  F.  Guyot  (2) 

(1)  Ecole  .\ormaIe  Superieure  de  Lyon,  F-69007  Lyon,  (2)  Institut  de  Physique 
du  Globe,  F-75005  Paris. 

A  detailed  thermodynamic  study  of  the  transition  zone  seems  to  be  crucial 
for  understanding  the  mantle  dynamics.  Due  to  the  Clapeyron  slope  the  phase 
transitions  occur  at  different  depths  in  hot  and  cold  areas.  Various  papers  have 
indicated  that  the  arising  buoyancy  forces  can  affect  the  ability  of  subducting 
.slabs  or  hot.spot  plumes  to  penetrate  the  670  km  boundary.  However,  this  effect 
ha.s  only  been  modeled  assuming  univariant  transitions  or  transitions  in  a  pure 
olivine  mantle.  Therefore,  we  have  studied  the  phase  transitions  in  the  realistic 
model  of  mantle  composition  involving  the  non-olivine  content.  We  computed 
the  equilibrium  mineralogical  composition  of  the  mantle  Mg-Fe-Al-Ca-Si  sys¬ 
tem  by  using  a  numerical  code  based  on  the  free-energy  minimization.  We  used 
these  results  for  computing  the  corresponding  mantle  density  profiles.  We  have 
also  computed  the  density  exces.s  arising  from  temperature  variations  inside 
subducting  slabs  and  hotspot  plumes.  The  amplitudes  of  density  jumps  related 
to  different  phase  transitions  are  temperature  dependent  and,  thus,  have  dif¬ 
ferent  dynamic  effects  for  cold  slabs  and  hotspots  plumes.  We  will  discuss  the 
dynamic  implications  of  the  sum  of  the  various  phase  transitions.  We  will  show 
that  a  slight  advection  by  the  flow  of  the  equilibrium  boundary  due  to  latent 
heat  buffering  or  to  kinetics  delay  can  have  an  important  geophysical  effect  by 
reducing  the  dynamic  topography  associated  with  the  internal  masses. 


PHASE  TRANSITION  MODULATED  MANTLE  CONVECTION 
WITH  PRESSURE  AND  TEMPERATURE  DEPENDENT  RHE¬ 
OLOGY:  IMPLICATIONS  FOR  THE  RADIAL  VISCOSITY 
STRUCTURE  IN  THE  EARTH 

L.  P.  Solheim  and  W.  R.  Peltier 

Dept,  of  Physics.  University  of  Toronto.  Toronto,  ON,  Canada  MoS  l.\7. 
larryCatmosp. physics. utoronto.ca/Fax;  1  416  978-8905 
What  is  the  the  form  of  the  radial  viscosity  profile  near  the  660  km  endothermic 
phase  transition  in  Earth’s  mantle?  In  order  to  address  any  question  regarding 
the  radial  structure  of  mantle  physical  properties,  such  as  viscosity,  we  require 
a  clear  understanding  of  the  interaction  between  a  convecting  mantle  and  the 
minerological  phase  transitions  that  exist  at  depths  of  410  and  660  km.  This 
interaction  is  complicated  by  the  fact  that  tlie  viscosity  of  mantle  materials 
is  strongly  temperature  and  pressure  dependent  and  so  any  attempt  to  an¬ 
swer  this  question  must  account  for  such  influences.  We  will  employ  a  time 
dependent,  axi-symmetric  splierical  convection  model  which  incorporates  both 
temperature  and  pressure  dependent  rheology  as  well  as  the  influence  of  both 
the  endothermic  and  exothermic  phase  transitions  in  an  attempt  to  address 
this  issue.  Results  obtained  from  appropriately  designed  numerical  simulations 
will  be  employed  to  explore  the  details  of  the  flow  patterns  and  of  the  viscosity- 
structure  near  the  660  km  interface.  We  attempt  to  reconcile  this  information 
with  current  understanding  of  the  radial  viscosity  profile  derived  by  inversion 
of  appropriate  data  sets. 


THE  UPPER  MANTLE  UNDER  THE  TYRRHENIAN  SEA  FROM 
A  BROAD-BAND  STUDY  OF  DEEP  EARTHQUAKES 
Hong  Kie  Thio 

Woodward-Clyde  Federal  Services,  566  El  Dorado  Street,  Pasadena,  Ca  91101. 
hkthioxOOwcc.com/Fax:  [1]  626  449  3536 

We  studied  deep  earthquakes  under  the  Tyrrhenian  Sea  recorded  at  Mednet 
and  other  broad-band  stations  around  the  Mediterranean  Sea.  These  events 
are  very  suitable  for  studies  of  the  upper-mantle  under  the  Tyrrhenian  sea. 
After  constraining  the  mechanisms  and  depths  of  these  events,  we  modelled 
the  broad-band  displacement  waveforms  using  ray  techniques.  We  find  low  ve¬ 
locities  under  the  Tyrrhenian  Sea  compared  to  the  surrounding  regions,  and 
because  of  the  broad-band  character  of  the  recordings  we  have  been  able  to 
determine  both  Poisson’s  ratios  as  well  as  P  and  S  wave  attenuation.  This 
provides  some  good  constraints  on  the  mineralogy  of  the  upper-mantle  in  this 
region.  These  broad-band  recordings  also  put  good  constraints  on  the  depth 
of  the  400  km  upper  mantle  discontinuity,  both  under  the  Tyrrhenian  Sea  as 
well  as  under  the  surrounding  regions,  and  we  will  present  an  interpretation  of 
these  results  in  terms  of  upper-mantle  mineralogy  and  dynamic  processes 


TEMPERATURE,  PRESSURE  AND  COMPOSITIONAL 
DERIVATIVES  OF  SEISMIC  VELOCITIES  WITH  APPLICATION 
TO  THE  LOWER  MANTLE 

P.  Vacher  ( 1 ),  J.  Trampert  (2)  and  N.J.  Vlaar  (2) 

(1)  Lab.  de  G^ophysique  el  Plan^tologie,  Nantes  (France),  (2)  Dept,  of 
Geophysics,  Utrecht  (The  Netherlands) 
vacher@chimie. univ-nantes.fr/Fax:  +33-2-40374948 

We  compute  here  the  partial  derivatives  of  seismic  velocities  with  respect  to 
temperature  T,  pressure  P  and  composition  X,  using  a  Birch-Mumaghan 
equation  of  state  and  finite  strain  theory.  We  consider  two  minerals, 
perovskite  and  Mg-wUstite,  and  the  X  variable  is  the  volume  proportion  of 
perovskite.  Single  mineral  properties  are  Voigt-Reuss-Hill  (VRH)  averaged. 
The  VRH  formulae  are  then  differentiated  with  respect  to  T.P  and  X  to  give 
the  expressions  for  the  partial  derivatives.  Large  ranges  of  variation  of  input 
parameters  are  considered:  surface  temperature,  pressure  profile,  proportion 
of  perovskite.  iron  content  and  partitioning,  and  elastic  parameters 
determined  from  laboratory  measurements.  T-  and  P-derivatives  are  nearly 
independent  of  the  input  parameters,  but  X-derivatives  can  vary  by  50%  with 
realistic  variations  on  the  iron  content  or  partitioning.  At  a  depth  of  2000  km. 
the  T.  P,  X  derivatives  are  such  that  a  1  %  seismic  anomaly  of  P- waves  can  be 
explained  either  by  a  temperature  difference  of  300  K,  a  pressure  anomaly  of 
3%  with  respect  to  PREM.  or  a  perovskite  content  variation  of  5-15%.  We 
are  currently  Inverting  P-  and  S-wave  velocity  models  of  the  lower  mantle 
using  these  derivatives  for  different  values  of  iron  content  and  partitioning. 


CONSTRAINTS  ON  THE  STRUCTURE  OF  THE  UPPER  MANTLE 
BENEATH  AUSTRALIA  FROM  WAVEFORM  TOMOGRAPHY 
Rob  van  der  Hilsl  and  Frederik  Simons, 

Massachusetts  Institute  of  Technology;  Room  54-514;  Cambridge  MA  02139; 
U.S.A.;  hilsi@mii.edu,  617-253-6977(0),  6l7-258-9697(F) 

One  of  the  primary  objectives  of  the  SFGPPY  seismometry  project  (Van  der  Hilst  et 
al..  EOS,  1994)  is  the  delineation  of  three  dimensional  variations  in  seismic 
wavespeed  beneath  Australia  by  exploiting  the  wealth  of  natural  sources  along  the 
plate  boundaries  surrounding  the  continent.  The  structure  of  the  upper  mantle 
beneath  eastern  Australia  is  well  constrained  by  broadband  data  recorded  at  the 
SKIPPY  stations  but  in  order  to  improve  data  coverage  in  western  Australia  we 
have  augmented  the  SKIPPY  data  set  by  waveforms  from  7  Instruments  of  the 
Australian  National  Network  operated  by  the  Australian  Geological  Survey 
Organization.  We  further  improved  the  waveform  modelling  by  using  estimates  on 
crustal  thickness  from  receiver  functions  (Shibuiani  et  al.,  GRL,  1996)  and  by 
using  previous  estimates  of  3D  structure  (e.g.,  Zielhuis  &  Van  der  Hilst,  GJI, 
1996)  to  update  the  reference  models  and  the  sensitivity  kernels  (mode  files)  for  the 
Partitioned  Waveform  Inversion  (Nolet,  JGR.  1990). 

We  present  our  new  model  for  the  Australian  continental  mantle  along  with  various 
measures  of  model  uncertainty,  and  we  discuss  the  correlation  with  the  gravity  field. 
The  new  results  confirm  previous  indications  that  the  eastern  edge  of  the  central 
Proterozoic  cratons  extend  significantly  farther  eastward  than  previously  thought 
(which  concurs  with  age  determinations  from  mantle  xenolilhs)  and  that  the  upper 
mantle  beneath  eastern  Australia  is  very  complex.  We  discuss  implications  for  the 
interpretation  of  seismic  anisotropy  and  the  Phanerozoic  evolution  of  eastern 
Australia.  Deep  continental  keels  are  detected  beneath  parts  of  the  Proterozoic 
cratons.  but  they  arc  smaller  in  size  than  expected  from  surface  outcrop. 
Interestingly,  the  Kimberly  block  seems  distinct  from  the  surrounding  Precambrian 
basement  blocks  and  the  Archean  and  Proterozoic  units  of  west  and  central 
Australia,  respectively,  are  separated  by  a  deep  ‘trough’  of  relative  low  wavespeeds. 
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ASPHERICAL  STRUCTURE  OF  EARTH'S  LOWER  MANTLE 
Rob  van  der  Hilst  and  Hrafhkell  Karason, 

Massachusetts  Institute  of  Technology;  Room  54-514;  Cambridge  MA02139; 
U.S.A.;  hilst@mit.edu,  617-253-6977(0),  617-258-9697(F) 

The  relationship  between  structurai  heterogeneity  just  above  the  core  mantie 
boundary  (CMB)  and  dynamic  processes  in  the  overlying  mantle  is  stili  enigmatic. 
Differential  travel  time  techniques  zoom  in  on  structare  in  the  CMB  region  by 
effectively  suppressing  signal  from  shallower  depth.  As  a  corollary,  these  studies 
do  not  constrain  the  connection  between  the  thermal  boundary  layer  and  the  rest  of 
the  mantle.  Imaging  of  deep  mantle  strucmre  based  on  spherical  harmonics  gives 
more  insight  in  this  problem  by  constraining  radial  variations  in  heterogeneity 
spectrum  and  the  correlation  between  P-  and  S-wavespeed.  Tomographic  imaging 
based  on  carefully  processed  travel  time  data  and  a  cellular  representation  of  structure 
now  begins  to  resolve  sheet-like  downwellings  in  the  mid  mantle  (van  der  Hilst  et 
al..  Nature,  1997;  Grand  et  al.,  GSA  Today,  1997).  This  allows  a  more  definitive 
study  of  deep  mantle  structure,  but  data  coverage  has  been  a  problem.  To  enhance 
resolution  of  lower  mantle  structure  we  have  augmented  the  routinely  processed  P 
and  pP  data  with  high  quality,  waveform  derived  PP,  PKP,  and  Pdiff  differential 
times.  The  new  model  confirms  a  dramatic  change  from  the  subduction  related 
planform  of  heterogeneity  that  persists  to  about  1800  km  depth  to  the  long 
wavelength  structures  in  the  lowermost  500  km  of  the  mantle.  This  coincides  with 
changes  in  the  power  spectrum  and  is  only  partly  explained  by  the  fact  that 
downwellings  simply  must  spread  out  atop  the  CMB.  Not  all  mid-mantle 
anomalies  connect  smoothly  to  CMB  stracnire,  and  variations  in  bulk  and  shear 
moduli  argue  against  a  purely  thermal  origin  of  the  anomalies  and  suggest  chemical 
heterogeneity  in  the  bottom  800  km  of  the  mantle  (Su  and  Dziewonski,  PEPI, 
1997;  Kennett  et  al.,  JGR.  1998).  These  observations  indicate  that  the  transition 
from  mid-  to  lower  mantle  struchire  is  more  complex  than  previously  thought. 


THE  INFLUENCE  OF  SURFACE  TEMPERATURE  ON  PLANE¬ 
TARY  CONVECTION  WITH  PHASE  TRANSITIONS 

V.  Steinbach  (1),  D.  A.  Yuen  (2)  and  N.  J.  Vlaar  (1) 

(1)  Dept,  of  Theoretical  Geophysics,  Utrecht  University,  Budapestlaan  4,  3508 
TA  Utrecht,  (2)  Minnesota  Supercomputer  Institute  1200  Washington  Ave.  S., 
Minneapolis,  MN  55415-1227. 

We  used  a  finite  element  model  to  study  the  influence  of  surface  temperature 
on  planetary  convection  with  phase  transitions.  Non-dimensional  surface  tem¬ 
peratures  (To)  of  0.2  and  1.2  were  chosen  to  simulate  the  conditions  for  Earth 
and  Venus,  respectively.  Both  base  and  internally  heated  flows  were  considered. 
The  main  differences  between  low-  and  high-To  were  found  to  be  : 

1)  The  flow  structure  is  much  more  complex  and  the  upper  mantle  is  much 
more  active  for  low  Tq. 

2)  In  both  cases  the  flow  structure  is  a  mixture  between  layered  and  whole  man¬ 
tle  convection,  and  the  amount  of  layering  is  similar,  although  slightly  higher 
in  the  low-To  case. 

3)  During  events  of  high  mass  exchange  from  upper  to  lower  mantle,  the  re¬ 
turn  flow  from  lower  to  upper  mantle  is  shallow  at  low  To,  whereas  there  are 
continuous  plumes  from  CMB  to  the  surface  and  vice  versa  at  high  Tq. 

We  think  that  besides  of  differences  in  rheology  the  different  surface  tempera¬ 
tures  of  Earth  and  I’enus  may  contribute  to  different  convective  platforms  in 
the  two  planets.  Tliese  platforms  may  also  have  a  strong  influence  on  planetary 
geochemical  development. 


SE3  Seismology  and  physics  of  the  Earth’s  core  and 
mantle 

Convener;  Kind,  R. 

Co-Conveners:  Jacob,  A.W.B.;  Weber,  M. 


THE  FATE  OF  YOUNG  SUBDUCTING  LITHOSPHERE 

J.  van  Hunen,  A.P.  van  den  Berg  and  N.J.  Vlaar 

Dept.  Theoretical  Geophysics,  Utrecht  University,  The  Netherlands  , 

hunenegeof.ruu.nl/Fax;  [31]  30  2535030 

The  dynamics  of  the  subduction  of  young  lithosphere  is  distinct  from  Benioff- 
type  subduction  due  to  the  absent  driving  body  forces  within  the  subducting 
plate,  Subduction  of  this  type  is  therefore  rather  passive  and  the  term  'litho¬ 
spheric  doubling’  has  been  coined.  This  type  of  subduction  has  been  taking 
place  at  parts  of  the  west  coast  of  the  Americas  (C.Peru,  S. Chile,  U.S.A)  and 
has  been  important  in  the  geological  history  of  the  Earth.  Geological  conse¬ 
quences,  such  as  the  uplift  of  the  Colorado  plateau  are  recognized. 

A  2-D  numerical  model  is  used  to  study  the  subduction  of  a  compositionaily 
layered  young  oceanic  lithosphere  by  an  overriding  continent,  driven  by  an  im¬ 
posed  relative  velocity  of  the  continental  lithosphere  with  respect  to  the  mantle 
below.  A  Newtonian  temperature  and  pressure  dependent  viscosity  is  used.  Our 
model  results  of  this  lithospheric  doubling  scenario  show,  that  the  rheology  of 
the  uppermost  layer  of  a  horizontally  subducting  plate  (sediment/basalt)  is  im¬ 
portant  due  to  the  targe  contact  zone  between  the  plates.  .\  weak  top  layer  (e.g. 
due  to  hydration)  has  been  used  as  an  effective  lubricate  for  the  subduction 
process.  This  lubricating  effect,  together  with  the  thickness  of  the  overriding 
lithosphere  and  the  major  phase  transitions  may  strongly  affect  the  dynamics  of 
the  subduction  process  and  the  fate  of  the  subducting  oceanic  lithosphere,  re¬ 
sulting  in  fragmented  parts  of  oceanic  lithosphere  in  the  transition  zone,  which 
may  have  been  detected  in  seismic  tomography  results. 


A  NEW  CONVECTION-SEGREGATION  MODEL 
EXPLAINING  THE  ORIGIN  OF  THE  PRINCIPAL 
GEOCHEMICAL  RESERVOIRS  OF  THE  EARTH’S  MANTLE 

U.  Walzer(l)  and  R.  Hendel  (1) 

(1)  Inst.  f.  Geowiss..  l;niv.  J«:nx'  walzer^gso-uni-jena-de/Fax:  +49-3641*948662 

The  ihennal  and  chemical  evolution  of  the  Earth's  mantle  and  crust  has  been  modeled  simultaneously  by 
a  segregation  mechanism  plus  2D-FD  Boussinesq  thermal  convection.  In  contrast  with  the  published 
model  Kl  [V.  Walzer  &  R.  Hendel.  Geophys.  J.  Int.  130  (1997)  303-325;  geological  interpretation:  U. 
Walzer  &  R.  Hendel.  Physics  Earth  Pl.met.  Interiors  KIO  (1997)  167-1881.  layered  convection  is  not  an 
assumption  hut  the  mineral  phase  changes  are  introduced  for  410  and  660  km  depth  using  customary- 
values  of  the  Clapeyron  slope,  the  density  contrast  etc.  So  we  have  heat  heat  sources  and  sinks  aUlO  and 
660  km.  respectively,  in  addition  to  the  usual  Rayleigh  number  Rq  for  internal  heating  by  radioactivity 
and  bottom  healing  al  the  core-mantle  boundary.  Tlie  viscosity  is  a  function  of  tlie  temperature  field  and 
tlie  pressure.  Segregation  takes  place  if  the  asthenospheric  viscosity  falls  below  a  certain  threshold. 
Oceanic  plateaus,  enriched  in  incompatible  elements,  develop  leaving  behind  depleted  parts  of  the  upper 
mantle,  Tlie  resulting  inhomogeneous  heat-source  distribution  generates  a  first  feed-back  mechanism.  A 
growing  continent  is  produced  by  accretion  and  further  segregation,  consuming  the  older  oceanic 
plateaus.  ITie  lateral  movahilily  of  the  growing  continent  causes  a  second  feed-back  mechanism.  The 
mentioned  mechanisms  generate  acceptable  distributions  of  the  convective  vigor  and  of  the  growth  ot 
juvenile  continent  material  over  the  time  axis.  These  distributions  are  stable  for  a  moderate  variation  of 
the  parameters  oiilv.  ’llie  solutions  of  Uie  system  of  ditVerential  equations  show  acceptable  values  for  the 
distriluilions  of  the  temperature,  viscosity,  heat  fiow,  mantle-creep  velocity  and  the  continent  s  velocity, 
llie  following  new  result  is  insensitive  to  a  strong  variation  of  Rq:  Alter  an  initially  rather  complex 
mi.xing  process  of  the  depleted  parts  and  the  pristine  parts  of  the  mantle,  we  arrive  al  a  mainly  depleted 
upper  half  of  the  manlle  including  the  uppennost  parts  of  the  lower  mantle  and  a  predominantly  pristine 
lower  h^lf  of  the  mantle  in  the  Phanerozoic  al  the  latest.  Ilierc  is  no  .sharp  interlace  between  the  halves. 


DISTRIBUTION  OF  STRESS  DROP  IN  AND  AROUND  TURKEY 

Y.  Bayrak,  A.  Yilmazturk  and  0.  Cakir  (Karadeniz  Technical 
University,  Department  of  Geophysics,  Trabzon.  Turkey,  yturk® 
risc01.bim.ktu.edu.tr) 

Distribution  of  stress  drop  (Ao)  of  413  shallow  earthquakes  that 
occurred  in  and  around  Turkey  during  the  period  1939-1996  is 
investigated.  The  earthquake  data  with  surface  wave  magnitude 
Ms>5.0  suggests  that  logMo=1.33Ms+17.32  (Mo=seismic  moment). 
Using  an  empirical  relation  between  Mo,  Ms  and  Ao,  an  average  stress 
drop  is  found  to  be  26.2  bars  for  all  events  while  different  values  are 
obtained  for  different  type  of  faulting.  Smaller  values  are  associated 
with  thrust  faults,  and  higher  values  represent  strike-slip  faults.  For  the 
events  of  which  Ms>mb  (mb=body  wave  magnitude)  the  average  stress 
drop  is  41.2  bars  while  the  events  with  mb>Ms  present  a  stress  drop  of 

13.5  bars.  Statistical  classification  of  earthquakes  in  terms  of  simplicity 
and  complexity  introduces  a  stress  drop  of  54.4  bars  for  complex  and 

7.5  bars  for  simple  events.  It  is  observed  that  most  of  the  complex 
events  (%67)  are  associated  with  strike-slip  faults  and  simple  events 
(%62)  are  from  thrust  faults. 
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TOPOGRAPHY  OF  MANTLE  DISCONTINUITIES 
Gunter  Bock 

GeoForschungsZentrum,  Telegrafenberg,  D-14473  Potsdam. 
bockCglz-potsdao.de/Fax:  [49]  331  288  1277 

Vinnik  {Phys.  Earth  Planet.  Inter.,  15,  39-45,  1977)  introduced  a  stacking 
method  to  enhance  weak  P  —  SV  conversions  from  mantle  discontinuities  at 
410  and  660  km  depth  based  on  the  assumption  of  plane  interfaces.  In  ar¬ 
eas  of  strong  lateral  variations  of  mantle  temperature  this  assumption  may 
not  be  valid.  The  olivine-to-,S-phase  transition  (and  hence,  the  “410-km  dis¬ 
continuity”)  may  be  strongly  distorted  in  cold  subducting  slabs  of  lithosphere 
as  a  result  of  the  pressure-temperature  dependence  of  the  transition  and  slab 
dynamics.  The  effect  of  topography  on  the  “410-km  discontinuity”  on  the  seis¬ 
mic  wavefield  is  modelled  by  synthetic  reflectivity  seismogrants.  The  seismic 
wavefield  from  an  earthquake  source  is  first  calculated  for  a  network  of  seismic 
stations.  Superimposed  on  these  “initial”  seismograms  are  seismograms  from 
point  sources  located  at  the  depths  that  trace  the  assumed  undulations  of  the 
“410-km  discontinuity”  and  that  model  the  scattered  wavefield  from  the  dis¬ 
continuity.  Discontinuity  topography  can  be  retrieved  by  stacking  along  travel 
time  curves  of  diffracted  waves  rather  than  assuming  refraction  through  a  plane 
interface. 


MODEL  STUDIES  OF  SUB-OCEANIC  Po  AND  So  WAVES  AND  THEIR 
FREQUENCY  DEPENDENCE  OF  Q 

0-  Chbf  and  A.  Yilmaztfiik  (Black  Sea  Tech.  Uni.,  Geophysics,  Tiateon,  Turkey. 
cakir@osfD3.biin.ktu.edu.tr) 

Long  range  and  high  frequency  Po  and  So  waves  are  typical  of  the  world’s  oceans. 
Amplitudes  rise  to  a  maximum  and  fall  back  to  background  level  producing  a  long 
coda.  Normal  mode  solution  and  the  synthetic  seismogram  technique  is  applied. 
Frequency  dependence  of  Q  is  not  needed,  if  only,  to  simulate  the  long  coda  dura¬ 
tion  and  the  scattering  mechanism  is  not  the  main  cause  of  the  long  coda,  although 
not  excluded  totally.  Ckmstant  Q  assumption  in  each  layer  does  not  match  the  ob¬ 
servational  spectrograms,  frequency  de]Kndence  of  Q  and  the  time  domain  ampli¬ 
tude  envelope.  Q  increasing  with  frequency  provides  the  desired  simulation.  The 
frequency  dependence  also  increases  with  increasing  depth  in  the  lithosphere.  For 
the  Po  waves,  the  amplitudes  show  more  the  observational  form  with  increasing 
epicential  distance.  Normally  refracted  and  upgoing  P  waves  and  their  water  layer 
multiple  reflections  produce  Ae  Po  coda.  Low  Q  in  Ae  upper  liAosphere  and  also 
P  to  S  conversions  make  Ae  Po  wave  energy  mainly  high  frequency  at  long  ranges. 
The  So  waves  are  the  result  of  higher  shear  mode  propagation.  A  stationary  phase 
at  about  4.7  km/sec.  in  group  velocity  curves  marks  Ae  beginning  of  So  waves.  In¬ 
creasing  focal  depA  reduces  temper^  So  amplitudes,  while  this  effect  for  Po  waves 
is  not  as  strong  as  So  waves.  On  Ae  oAer  Imd,  spectrograms  still  match  Ae  Ob¬ 
servations.  For  deeper  sources  tenqwral  Po  amplitudes  and  for  shallow  ones  So 
amplitudes  are  dominant,  respectively. 


INTER-SEISMIC  AND  CO-SEISMIC  DISPLACEMENTS  IN  GPS  SERIES 
ACROSS  THE  NEW  HEBRIDES  SUBDUCTION  ZONE. 

S.  Calmant  f  11.  B.  Pelletier  (2),  R.  Fillet  (1),  M.  Regnier  (1),  P.  Lebellegard  (1)  and 
J.-M.  Bore  (3) 

( 1 )  Laboratoire  de  Gdosciences.  Centre  ORSTOM  de  Noumda,  New  Caledonia, 
calmant@noumea.orstoni.nc  /  Fax  (687)  26  43  26 

(2)  Laboratoire  de  Geodynamique,  Villefranche  sur  mer,  France 

(3)  Centre  ORSTOM  de  Port  Vila,  Vanuatu 

The  New  Hebrides  subduction  zone  is  part  of  the  complex  converging  boundary 
between  the  Pacific  and  Australian  plates.  This  fast  (5-15  cm/yr)  convergence  zone 
which  frequently  undergoes  Ms  >  7  earthquakes  is  particularly  well  suited  for  the 
detection  of  inter-seismic  strain  accumulation.  We  have  selected  three  characteristic 
earthquakes  (a  thrust  event  of  Ms  =  7,0  in  February  1994  at  the  interplate  boundary, 
a  strike  slip  event  of  Ms  =  7.4  in  July  1994  within  the  upper  plate  sheared  because  of 
variable  plate  couplings  and  a  normal  faulting  event  of  Ms  =  7.9  on  the  bulge  of  the 
subducting  plate  in  May  1995)  for  which  we  have  modelled  the  short  term  co- 
scismic  offsets  (dislocation  models)  and  simulated  the  long-term  inter-seismic 
accumulation  of  deformation.  Comparison  between  the  simulated  co-seismic  steps 
and  interseismic  drift  anomalies  and  the  GPS  series  collected  in  the  vicinity  of  each 
event  between  1990  and  1997  are  presented. 


CRUSTAL  STRUCTURE  IN  AND  AROUND  THE  EASTERN  TURKEY 
FROM  SINGLE  STATION  RAYLEIGH  WAVE  OBSERVATIONS 

H.  Cinar  ,  A.  YilmaztOrk  and  0.  (Jakir  (Black  Sea  Tech.  Uni.,  Geophysics,  Trab¬ 
zon,  Turkey.  cinar@riscOLbim.ktu.edu.tr.) 

The  crustal  structure  is  determined  from  single  station  fundamental-mode  Rayleigh 
wave  group  velocity  measurements.  The  earAquakes  at  regional  distances  are  re¬ 
corded  on  a  digital  broad-band  three  component  and  an  analog  LP  vertical  compo¬ 
nent  seismographs  at  TBZ,  Trabzon,  Turkey.  The  group  velocities  are  obtained  by 
using  Ae  multiple-filter  meAod.  Spectral  amplitudes  associated  wiA  Ae  funda¬ 
mental  mode  can  be  seperated  from  higher  modes.  In  order  to  determine  Ae  crustal 
velocity  model  for  Ae  studied  area,  we  used  an  inversion  program.  That  program 
inverts  Ae  observed  group  velocities  for  a  plane-layered  shear  velocity  structure, 
and  uses  singular  value  decomposition.  Poisson’s  ratio  is  taken  as  0.25  fix  all  in¬ 
versions  and  densities  are  calculated  using  known  relations  between  density  and 
compressional-wave  velocity  in  Ae  crust.  A  good  agreement  are  obtained  between 
observed  group  velocities  and  Aeoretical  ones.  All  of  Ae  group  velocities  for  differ¬ 
ent  periods  and  shear-wave  velocities  for  different  depA  ranges  are  mapped  to  show 
velocity  changes  in  Ae  study  area.  The  region  having  low  group  velocity  values 
corresponds  to  a  Ain  crust  and  higher  ones  corresponds  to  a  Aick  crust.  Average 
crustal  thickness  is  about  40  km  around  Ae  station  TBZ  and  it  increases  from 
TBZ  to  Ae  souAeastem  Turkey  to  about  43  km.  Average  crustal  Aickness  is  about 
44  km  in  Lesser  Caucasus  and  is  about  43  km  at  Ae  Turkey-Iran  border  region.  At 
Ae  Armenia-Turkey  border  region  average  crustal  Aickness  is  about  40  km.  The 
values  are  in  agreement  wiA  Ae  earlier  studies. 


ANALYSIS  OF  INNER  CORE  S-  AND  P-WAVES 

Arwen  Deuss  (1),  Hanneke  Paulssen  (1),  Jeannot  Trampert  (1)  and  John 
Woodhouse  (2) 

(1)  Department  of  Geophysics,  Utrecht  University,  (2)  Department  of  Earth 
Sciences,  Oxford  University. 

The  existence  of  a  solid  inner  core  was  proposed  by  Inge  Lehman  in  1936,  when 
she  observed  PKiKP  waves  which  are  reflected  at  the  inner  core  boundary. 
Normal  mode  observations  also  support  earth  models  with  a  solid  inner  core. 
So  far,  no  body  waves  have  been  identified  with  a  shear  wave  part  in  the  inner 
core  and  therefore  direct,  observational  evidence  of  solidity  is  still  lacking. 

The  outer  core  being  a  liquid,  phases  should  exist  which  travel  as  compressional 
waves  in  the  outer  core  and  as  shear  waves  in  the  inner  core,  i.e,  PK  JKP,  SKJKP 
etc.  However,  the  amplitudes  of  these  waves  as  predicted  by  PREM  are  small 
and  the  waves  ate  probably  not  visible  on  single  traces.  Stacking  methods  in  the 
slowness-time  domain  are  therefore  needed  to  improve  the  signal  to  noise  ratio. 
Because  of  their  small  amplitude,  these  waves  should  only  be  visible  in  large 
earthquakes.  Using  a  Phase  Weighted  Stacking  method  (Schimmel  &  Paulssen, 
1997),  we  investigated  data  from  the  deep  Bolivia  earthquake  of  9  June  1994 
with  a  depth  of  640  km.  Real  data  stacks  are  compared  with  synthetic  data 
stacks,  computed  with  WKBJ  ray  tracing.  Inner  core  P-waves,  namely  PKIKP 
and  SKIKP,  are  easy  to  recognize  and  there  is  a  good  agreement  between  the 
real  and  synthetic  data  stacks.  We  analysed  inner  core  S-waves  in  a  similar  way 
and  present  evidence  of  their  existence. 


RECEIVER  FUNCTION  ANALYSIS  FOR  THE  STATION  TBZ,  TURKEY 

M.  Erduran  and  6  Cakir  (Black  Sea  Tech.  Uni.,  Geophysics,  Trabzon,  Turkey. 
cakir@oslD3.bim.ktu.edu.tr) 

Wc  use  tclescismic  three  component  digital  data  from  the  Trabzon,  Turkey,  broad¬ 
band  seismic  station  to  model  crustal  and  upper-most  mantle  structure  by  receiver 
function  method.  The  station  is  located  at  Ae  transition  from  continental  to  oce¬ 
anic  formation.  By  inverting  radial  receiver  functions,  wc  construct  one- 
Amensional  crastal  and  upper-most  mantle  model  that  includes  an  anomalous 
shear-velocity  inversion  at  about  25  km  in  depth.  Arrivals  on  the  tangential  eom- 
ponents  indicate  dip  of  crustal  velocity  Ascontinuities.  This  is  consistent  with 
gravity  data  that  Bougucr  anomalies  drops  sharply  from  Black  Sea  to  Anatolia.  The 
initial  shear  velocity  assumptions  for  the  upper  erust  arc  taken  from  Love  wave  so¬ 
lutions  No  relevant  moho  Ps  eonversions  arc  observed  from  receiver  wave-forms 
even  at  high  frequencies.  In  agreement  with  the  theory  that  Black  Sea  region  sub¬ 
ducts  under  Anatolian  plate,  wc  qualitatively  interpret  the  modeled  velocity  stme- 
turc  in  terms  of  partial  melting  of  subdueting  plate  under  Pontidcs  volcanic  moun¬ 
tain  range.  The  low  velocity  zone  c.xtcnds  down  to  about  75  km  depth  on  the  Ana¬ 
tolian  side  and  relatively  shallow  towards  Black  Sea,  and  deeper  Ac  velocities  in¬ 
creases  sharply  again.  This  velocity  increase  is  interpreted  as  the  remnant  of  the 
old  subducting  lithosphere.  The  strong  misaligment  of  tangential  wave-forms  sug¬ 
gest  anisotropy  for  the  arrivals  that  converted  at  shallow  depths  incluAng  the  low 
velocity  zone  At  this  station  just  above  the  presumed  subduction  zone  earthquake 
observations  arc  made  for  the  last  two  years  and  seemingly  no  observation  is  made 
relevant  to  it.  Clearly,  the  subduction  took  place  and  is  presently  ascismic. 
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DIFFERENT  APPROACHES  IN  THE  LOCAL  EARTHQUAKE  TOMOGRAPHY: 
ANAPPUCATION  ON  ALBAN  HILLS  VOLCANO  (CENTRAL  ITALY) 

H.  Gokalp,  6.  (^akir  (Black  Sea  Tech.  Uni.,  Geophysics,  Trabzon,  Turkey. 
gokalp.at.risc01.bim.ktu.edu.tr) 

C.  Chiarabba  (Istituto  Nazionale  di  Geofisica,  Roma,  Italy) 

We  compare  the  results  of  tomographic  inversions  with  two  different 
approaches  on  the  Alban  Hills  Volcano  located  at  about  20  km  southeast  of 
Rome.  In  first  approach,  3-D  solution  is  obtained  as  progressively  focusing 
toward  to  center  of  volcano,  decreasing  the  model  grid  spacing  in  subsequent 
inversion  and  optimizing  1-B  initial  model  ("graded  inversion",  Chiarabba  at 
all.  1994).  In  the  second  approach,  arrival  times  are  inverted  directly  using  1-D 
optimal  initial  velocity  model.  Different  denser  grid  spacings  (2,  1.5,  1  km)  in 
the  3-D  models  are  used  to  obtain  more  detailed  images  of  the  volcano.  A 
performing  carefully  resolution  analysis  on  the  model  parameters  permits  which 
model  is  more  reliable  and  which  one  gives  the  best  result.  Our  principle  result 
is  that  the  inversion  with  graded  approach  can  give  unsatisfactory  results 
without  ensuring  to  detect  some  small  scale  inhomogeneties  which  can  be 
retrieve  from  the  data.  The  results  of  the  inversions  with  the  second  approach 
reveal  a  horn  shaped  high  velocity  strocture  and  dominant  low  velocity  anomaly 
beneath  the  volcano  at  1-4  km  depths  with  more  details. 


ON  THE  ORIGIN  OF  SCS  AND  PCP  PRECURSORS 

Xian-Feng  Liu,  Jeroen  Tromp  and  Adam  M.  Dziewonski 
Harvard  University,  Cambridge,  U.S.A.. 
trompCeps . harvard . edu 

In  1983,  Lay  k  Helmberger  observed  a  small  precursor  to  ScS,  which  they 
interpreted  as  a  triplicated  arrival  caused  by  a  discontinuity  in  the  lowermost 
mantle.  Alternative  interpretations  include  small-scale  scattering  near  the  core¬ 
mantle  boundary  and  near  source  slab  effects,  but  most  recent  studies  attribute 
precursors  to  core-reflections  to  a  lowermost  mantle  discontinuity.  Precursors 
to  ScS  and  PcP  have  been  observed  in  numerous  locations,  but  ate  not  a  global 
phenomenon.  Frequently,  PcP  precursors  are  weak  or  absent  when  ScS  pre¬ 
cursors  are  observed  in  the  same  location,  and  vice  versa.  The  amplitude  and 
arrival  time  of  the  precursor  relative  to  the  main  phase  can  vary  significantly. 
The  presence  or  absence  of  theSe  precursors  has  led  to  speculations  about  the 
nature  of  the  lowermost  mantle,  culminating  in  a  suggestion  for  the  existence  of 
‘anticontinents'  at  the  core-mantle  boundary.  We  propose  that  these  precursors 
may  be  produced  by  gradients  in  seismic  wave  speed  associated  with  large-scale 
mantle  heterogeneity. 


SHEAR  WAVE  PROPAGATION  ITsDER  NORTHEAST  ANATOLLA 

Y.  A  Kudu  andO.  Cakir  (Black  Sea  Tech.  Uni.,  Geophysics,  Trabzon,  Turkey. 
cakir@osf03.bim.ktu.edu.tr) 

We  use  broad-band  seismograms  to  model  the  shear  wave  propagation  of  higher 
modes  of  Lg  type  under  Anatolian  crust.  The  modelling  suffers  numerical  insta¬ 
bilities  at  high  frequencies.  The  computation  time  is  veiy  high.  Computer  pro¬ 
grams  written  is  so  design  to  alleviate  the  numerical  instabilities,  and  Filon’s 
method  is  used  to  reduce  the  computional  time.  Reflectivity  method  which  models 
both  upgoing  and  downgoing  waves  is  utilized.  The  seismicit)'  of  right  lateral 
north  and  left  lateral  cast  Anatolian  strike  slip  faults  are  usually  shallow  around  10- 
15  km.  Small  and  moderate  size  earthquakes  with  high  frequency  shear  wave 
propagations  are  observed.  We  use  one  dimensional  velocity-  profiles  formerly  pub¬ 
lished  in  the  literature  and  e.\tend  them  as  necessary  due  to  the  lateral  hetorogenity. 
In  the  first  15  km  depth  range  SH  velocity  gradient  is  high,  rising  from  2.7  to  3.6 
km/sec.  This  depth  range  controls  the  Lg  velocity  of  3.4  km/sec  and  shows  a  group 
velocity  stationaty  phase.  Another  velocity  gradient  lower  than  the  first  appears  to 
start  from  about  25  km  depth  and  below  that  moho  shows  a  smooth  transition  of 
thickness  about  5  km  at  around  35  km  in  depth  This  velocity  profile  results  the  Lg 
propagation  for  focal  depths  as  deep  as  moho,  but  the  frequency  content  is  reduced 
as  the  focal  depth  increases.  It  is  sometimes  possible  to  observe  the  source  time 
complexity  looking  at  Lg  waves  of  several  band-pass  filtered  forms. 


CORRELATIONS  BETWEEN  SAR-ARC  INTENSITY  AND  SOLAR  AND 
GEOMAGNETIC  ACTIVITY 


V.V.I  nhzin  and  A.V.Pavlov  (Institute  of  Terrestrial  Magnetism,  Ionosphere  and 
Radio  Wave  Propagation,  Russia  Academy  of  Science,  Troitsk,  Moscow  Region, 
142092,  Russia) 


Statistical  relationships  between  SAR-arc  intensities  and  solar  and  geomagnetic 
indices  are  investigated  using  data  acquired  by  the  Pacific  Northwest  Laboratory 
Photometer  network  during  the  time  interval  1978-1988.  We  have  found  that  ail 
SAR-arc  events  can  be  subdivided  into  two  groups  In  accordance  with  characteristic 
properties  of  studied  relationships.  It  is  shown  that  electron  temperahire  time 
variations  with  the  characteristic  heating  time  from  minutes  to  several  hours,  which 
are  observed  in  the  SAR-arc  regions,  result  from  the  time  variations  of  the  ring 
current  parameters.  We  have  found  that  the  electron  thermal  conductivity 
dominates  over  the  electron  cooling  rate  at  altitudes  closely  and  above  the 
maximum  volume  emission  rate.  As  a  result,  there  are  no  significant  correlations 
between  the  SAR-arc  electron  temperature  and  density. 


EFFECTS  OF  THE  SUBDUCTING  PACIFIC  PLATE  ON  THE 
UPPER  MANTLE  SEISMIC  DISCONTINUITIES 

X  Li,  X  Yuan,  R  Kind  and  Ch  Estabrook 
GeoForschungsZentrum,  Telegrafenberg,  D-14473  Potsdam. 
kindOgfz-potsdam.de/Fax:  [49]  331  288  1277 

We  present  images  of  the  Earth’s  upper  mantle  obtained  from  P-S  converted 
phases  from  teleseismic  earthquakes  which  show  upper  mantle  dicontinuities 
from  the  crust-mantle  boundary  to  660  km  depth  beneath  the  broadband  seis¬ 
mic  stations  in  northeast  China  and  central  Japan  near  the  subduction  zone. 
The  main  upper  mantle  discontinuities  near  410  and  660  km  depth  (the  ’410’ 
and  ’660’)  are  clearly  visible  in  the  images  underneath  each  station.  They  show 
however  peculiarities:  The  ’660’  dips  torward  the  west  under  northeast  China, 
while  near  the  Mongolian  border  the  ’660’  is  again  at  its  global  average  posi¬ 
tion.  This  can  be  interpreted  as  an  effect  of  the  Pacific  slab  not  penetrating  but 
laying  atop  of  the  ’660’.  Additionally,  we  find  no  evidence  for  the  existence  of 
the  ’410’  where  the  Pacific  slab  passes  this  depth  under  Japan  and  NE  China. 
The  locally  absent  ’410’  is  consistent  with  extreme  deformation  (warping)  of 
the  discontinuity  in  a  confined  region  at  the  subduction  zone,  caused  by  the 
dynamic  transport  of  olivine  into  metastable  conditions  below  410  km  depth. 


SORET  DIFFUSION  EXPERIMENTS  AND  IMPLICATIONS 
FOR  THE  EVOLUTION  OF  EARTH'S  CORE 

E.  Maiewski  and  D.  Walker 

Leuaont-Doherty  Earth  Observatory,  Columbia. University 
Palisades,  NY  10964 

ema j  9igf . edu . pi ,  dwalkerS Ideo . Columbia . edu 

Soret  diffusion  rise  times  were  observed  and  resolved 
for  Fe-Ni-S-P  melts  at  10  kbar  in  thermal  gradients 
between  1200-1450  C.  A  steady  state  separation  of 
S-rich  components  to  the  hot  end  of  the  2  mm  long  liq¬ 
uid  charges  is  achieved  in  about  20  minutes.  Chemical 
dif fusivities  of  about  10*’  cm'/sec  are  consistent 
with  these  observations  and  those  of  the  compaction 
velocity  of  aggregates  of  crystalline  Fe  metal  against 
the  cold  end  of  our  experiments.  These  rapid  dif fusiv¬ 
ities  are  not  rapid  enough  for  diffusion  to  be  an  im¬ 
portant  agent  of  bulk  mass  transfer  in  the  addition  or 
extraction  of  light  elements  in  the  Earth's  core.  Some 
implications  of  these  observations  in  a  thermodynamic 
model  of  the  evolution  of  the  core-mantle  boundary  are 
investigated.  The  core-mantle  boundary  is  treated  as  a 
singular  surface  and  a  surface  of  solution.  The  liquid 
outer  core  is  modelled  as  a  solution  layer.  Some  aspe¬ 
cts  of  mass  transport  to  the  inner  core  boundary  are 
considered.  Local  equations  for  the  diffusion-control¬ 
led  and  interface-reaction-controlled  rates  of  mass 
transfer  across  the  core-mantle  boundary  are  derived. 
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CONSTRAINTS  ON  UPPER  MANTLE  DISCONTINUITIES  BE¬ 
NEATH  THE  MEDITERRANEAN  REGION  FROM  P-TO-S  CON- 
VERSIONS 

Marco  Olivieri  and  Andrea  Morelli 

Istituto  Nazionale  di  Geofialca  via  di  Vigna  Murata,  605,  00143,  Roma,  Italy. 
olivieri#ingrm-lt/Fax::  [39)  6  5041181 

P-toS  conversions  from  the  two  primary  discontinuities  of  the  upper  mantle 
near  410  km  and  670  km  depths  arc  detectable  by  deconvolution  of  teleseismic 
body  waves  recorded  by  broadband  seismic  stations.  The  preliminary  results 
obtained  by  using  data  recorded  at  the  MedNet  stations,  show  variations  of  the 
depth  of  these  discontinuities  under  the  Mediterranean  Region.  These  evidences 
could  be  explained  as  thermal  anotnalias  correlated  with  the  tectonic  activity. 
A  particular  attention  is  dedicated  to  the  suhduction  sonc-s  in  which  the  anti- 
correlation  of  the  two  discontinuities  is  expected  for  a  phase  change  origin  for 
both  discontinuities  with  Clapeyron  slopes  of  opposite  signs. 


INNER  CORE  ROTATION :  POSSIBLE  ARTEFACTS  AND  NEW  DATA 


Annie  Souriau 

Observatoire  Midi-Pyrdndes,  CNRS,  14,  avenue  E.  Belin,  31400  Toulouse,  France 
Annie.Souriau@cnes.fr 

A  l°-3°  per  year  westward  rotation  of  the  inner  core  with  respect  to  the  mantie  has 
been  detected  from  the  variations  in  time  of  the  inner  core  anisotropy  symmetiy  axis 
(Song  &  Richards,  1996 ;  Su  et  al.,  1996).  These  first  detections  rely  on  the 
assumption  that  the  inner  core  anisotropy  axis  is  tilted  with  respect  to  the  Earth 
rotation  axis.  Whe  show  from  the  analysis  of  seismic  data  that  the  tilt  of  this  axis  is 
not  a  robust  feature :  the  inner  core  anisotropy  data  are  folly  compatible  with  a 
symmetry  axis  parallel  to  the  Earth  rotation  axis.  Moreover,  artefacts  may  arise  from 
the  use  of  analysis  methods  based  on  cross-correlation  of  core  phases  with  different 
frequency  contents. 

Estimates  of  inner  core  rotation  from  the  displacement  of  inner  core  lateral 
heterogeneities  lead  to  significantly  lower  rotation  rates  (0.05-0.3°/yr,  Creager, 
1997)  but  the  perturbing  effects  of  mantle  heterogeneities  at  source  side  (South 
Sandwich  subduction  zone)  and  station  side  (Alaska)  are  difficult  to  estimate.  This 
difficulty  may  be  avoided  by  the  use  of  artificial  sources.  The  variations  with  time  of 
core  phases  travel  time  residuals  are  presented  for  the  path  Novaya  Zemlya  to  DRV, 
Antarctica.  This  path  corresponds  to  a  small  angle  (14')  of  the  inner  core  ray  path 
with  respect  to  Earth  rotation  axis. 


SE4  Hot  spots  and  plumes  in  the  mantle 

Convener:  Hansen,  U. 


RECEIVER  FUNCTION  CONSTRAINTS  ON  SLAB  GEOMETRY 
AND  UPPER  MANTLE  DISCONTINUITIES  UNDER  NORTH¬ 
ERN  CHILE 

X  Yuan,  R  Kind  and  G  Bock 

GeoForschungsZentrum,  Telegrafenberg,  D-14473  Potsdam. 
kindOgfz-potsdeim.de/Fax:  [49]  331  288  1277 

Source  equalized  receiver  functions  are  routinely  used  to  determine  crustal  ve¬ 
locities  and  upper  mantle  discontinuities.  Here  we  present  clear  observations 
of  the  subducted  Nazea  plate  from  data  recorded  at  two  temporary  station 
networks  in  northern  Chile.  The  PISCO  network  was  operating  in  1994  with 
station  spacing  of  about  30  km,  located  from  the  Pre-  to  the  Western  Cordillera. 
The  CINCA  network  was  operating  in  1995  with  closer  station  spacing  in  the 
Coastal  Cordillera.  Two  deep  Argentinian  earthquakes  recorded  at  PISCO  show 
coherent  phases  of  Ps  conversions  from  the  oceanic  Moho  of  the  eastward  dip¬ 
ping  Nazea  plate.  The  receiver  functions  of  three  earthquakes  from  the  South 
Pacific  Ocean  and  Mexico  are  dominated  by  the  multiples  of  PpPs  which  travel 
as  P  to  the  surface  and  are  reflected  off  at  the  slab  as  S  wave.  Receiver  function 
modelling  indicates  that  the  oceanic  Moho  is  40  km  deep  at  the  coast  and  dips 
15  deg  eastward  under  CINCA  and  increases  its  dip  to  25  deg  under  PISCO. 
Our  result  is  consistent  with  seismic  refraction  data  (Wigger  1994).  We  have 
also  seen  the  Ps  conversion  from  the  upper  mantle  discontinuities.  The  delay 
times  of  the  410km  and  660km  discontinuities  suggest  that  the  410  is  at  its 
global  depth  and  the  660  is  depressed  by  about  10  km. 


SEISMICITY  OF  THE  NORTHEN  PART  OF  THE  EAST  EUROPEAN 
PLATFORM  AND  ITS  ORIGIN. 

F.N.Yudakhin  (Institute  of  Ecological  Problems  in  the  North  Ural  Division  RAS. 
57  Viutchcjsky  str..  163046  Archangclsk.  Russia). 

The  area  46  be  studied  the  Fcnnoscandian  Shield  and  North  part  of  Russian 
platform  is  integrated.  The  shield  is  charactcri/.cd  by  high  level  of  scimicity.  The 
magniiudcj  of  earthquakes  for  the  most  part  c.vtend  from  3  to  5.  in  some  instances 
the  magnitudes  range  up  to  6.  Occurence  dept  of  cartquakcs  sources  is  not  more 
than  10- km  The  epicenters  of  earthquakes  form  the  belts  extending  in  NE 
and  N\V  directions.  Tltcsc  directions  conform  with  strike  of  foults  dividing 
Fcnnoscandian  Shield  and  Russian  platform  into  separate  tectonic  blocks.  Because 
of  this  the  Earth  crust  of  Fcnnoscandian  Shield  and  Russian  platform  is 
charaicri/<d  by  sharp  unhomogcnciiy.  Unhomogcnciilcs  stand  out  on  gravity, 
magnetic.  P-Wa\  cs  fields.  Upper  part  of  Earth  cnisi  is  most  unhomogcncous,  The 
vclocit)  of  the  vertical  present-day  movements  is  -  2.5  +  10  mm/ycar  as  in 
orogcnic  belts.  There  are  several  factors  defining  the  present-day  vertical  moving 
and  seismicity  of  studied  area.  The  main  of  them  arc.compcssional  stress  field 
from  the  Artie  middle  oceanic  ridge  and  unhoniogcncitics  of  upper  mantle. 
Scismoactivc  faults  of  Fcnnoscandia  extend  to  Russian  platform  It  is  vcr> 
impoiant  to  determine  their  positions  because  nuclear  waste  stories  and  oilpipcs 
arc  situated  here 

ICELAND’S  HOT  NARROW  PLUME 

Richard  M.  Allen  (1),  G.  Nolet  (1),  W.  Jason  Morgan  (1),  K.  VogQord  (1), 
B.  H.  Bergsson  (2),  P.  Erlendsson  (2),  G.  R.  Foulger  (3),  S.  Jakobsdottir  (2), 
B.  R.  Julian  (4),  M.  Pritchard  (3),  S.  Ragnarsson  (2)  and  R.  Stefansson  (2) 
(1)  Dept,  of  Geosciences,  Princeton  University,  USA,  (2)  Vedurstofa  Islands, 
Reykjavik,  Iceland,  (3)  Dept.  Geological  Sciences,  University  of  Durham,  UK, 
(4)  U.S.G.S.,  Menlo  Park  CA,  USA. 

Wc  present  the  results  of  a  seismological  investigation  of  the  frequency  de¬ 
pendent  amplitude  variations  across  Iceland  using  data  from  the  HOTSPOT 
(PASSCAL)  array  currently  deployed  there. 

Wc  use  the  parameter  t*  to  compare  the  variations  observed  with  those  pre¬ 
dicted  due  to  both  anelastic  attenuation  and  diffraction  effects.  V  is  obtained 
lErom  teleseismic  events  at  a  range  of  azimuths  using  a  spectral  ratio  technique. 
We  use  a  2D  cylindrical  plume  model  with  a  velocity  anomaly  from  iasp91 
based  on  a  Gaussian  curve.  <*  due  to  attenuation  is  obtained  by  tracing  a  ray 
through  iaspiQl  with  the  plume  model  superimposed  and  calculating  the  path 
integral  of  l/vQ.  t*  due  to  diffraction  is  obtained  using  a  2D  finite  difference 
code  to  generate  synthetic  seismograms,  the  same  spectral  ratio  technique  is 
then  used  to  extract  f" 

The  best  fit  plume  model  has  a  maximum  S- velocity  anomaly  of  -12%  and  a 
Gaussian  shape  with  <7  =  100  km.  This  is  narrower  than  previous  estimates  and 
would  suggest  greater  ray-theoretical  travel-time  delays  than  observed.  However 
we  find  that  for  such  a  plume  wavefront  healing  causes  a  40%  reduction  in  the 
travel-time  delay,  reducing  the  ray-theoretical  delay  to  that  observed. 
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HOT  SPOTS  ON  THE  RUSSIAN  CRATON  AND  EXOGENETIC 
MANIFESTATION  OF  THE  VOLGA-KAMA’S  PLUME 
Alexander  GUSEV  &  Natasha  PETROVA 

Dpt.  of  Astronomy  and  GRG,  Kazan  University,  Kremljevskaja  Str.,  18, 
Kazan,  420008,  Russia,  E-mail:  gusev@astro.ksu.ras.ru 
Study  of  plumes  and  hot  spots  are  especially  difficult  at  the  ancient  power 
plates  such  as  the  Russian  craton  screening  plume  effects.  Exogenetic 
manifestation  of  the  Volga-Kama  plumes  such  as  the  pluto-like  bodies,  as 
specific  fluctuations  of  thermal,  gravitational  fields,  as  the  Moho  uplifts  and 
as  topographic  features  are  investigated.  On  the  Russian  plate  the  hot  spot  is 
manifested  in  the  form  of  arched  lineament  chain.  The  hot  spot  on  the 
Russian  craton  may  be  related  to  the  ’’warm”  spot  because  its  gradient 
temperature  and  heat  flow  are  less  intensive  than  at  the  thin  ocean  crust. 
Mantle  convection  has  come  under  intense  by  geoscience  since  the  new  global 
tectonics  including  continents  drift,  plate  tectonics  in  upper  mantle,  plume 
tectonics  in  lower  mantle  and  growth  tectonics  in  core.  Dissipative  effects 
arising  from  the  core-mantle  interaction  are  of  particular  interest  a)  as  the 
source  of  additional  heating  of  the  Earth’s  interior,  b)  as  the  mechanism 
supporting  free  core  nutation  and  c]  as  the  region  of  plume  arising.  The 
model  of' vortex  plume  penetrating  lower  and  upper  mantle  is  discussed.  The 
vortex  plume  is  more  stable  under  influence  of  different  motions  in  the 
mantle.  Such  plume  pins  to  the  Earth’s  crust,  discretely  moves  under  crust 
conserving  mushroom-like  pluto-bodies  in  crust.  The  kinematic  scheme  of 
Russian  plate  motion  in  the  Volga-Kama  hot  spot  reference  system  is  given. 


STRESS  FIELD,  VISCOSITY  AND  SHEAR  HEATING  DISTRI¬ 
BUTION  IN  MANTLE  UPWELLINGS:  A  COMPARISON  BE¬ 
TWEEN  NEWTONIAN  AND  NON-NEWTONIAN  RHEOLOGIES 

Tine  B.  Larsen  (1)  and  David  A.  Yuen  (2) 

(1)  KMS,  2400  Copenhagen,  Denmark,  (2)  Dept,  of  Geology  and  Geophysics 
and  MSI,  Univ.  Minnesota,  Minneapolis,  MN  55415,  USA. 

The  attempt  to  measure  mantle  flows  with  seismic  anisotropy  has  reawakened 
interest  in  the  stress  distribution  of  mantle  flows.  Stress  fields  which  are  con¬ 
centrated  in  boundary  layers  would  be  accompanied  with  shear  heating,  that 
would  be  amplified  by  both  the  strain-rate  and  temperature  dependent  na¬ 
ture  of  mantle  rheology.  For  resolving  the  thermal-mechanical  fields  accurately, 
extremely  high  resolution,  0(km),  is  required.  We  have  modeled  strongly  time- 
dependent  two-dimensional  upper-mantle  convection  with  a  resolution  of  2  km 
in  an  aspect-ratio  four  configuration.  We  have  focussed  our  attention  on  the 
upwellings  at  an  effective  Rayleigh  number  close  to  2  x  10®.  There  is  a  marked 
difference  between  the  non-Newtonian  and  Newtonian  rheologies.  The  magni¬ 
tudes  of  the  stress  and  viscosity  fields  are  much  lower  for  the  non-Newtonian 
rheology.  The  rate  of  viscous  heating  is  much  greater  for  the  non-Newtonian 
rheology,  as  well  as  the  peak  vertical  velocities,  which  surpasses  the  Newtonian 
upwelling  speeds  by  more  than  an  order  of  magnitude.  Stress  distributions 
are  much  broader  for  Newtonian  upwelling  and  display  more  greater  spatial 
complexity  for  non-Newtonian  flows.  Our  results  would  suggest  that  seismic 
anisotropy  developed  by  non-Newtonian  plumes  in  the  upper-mantle  would  be 
difficult  to  be  detected,  because  of  the  much  finer  spatial  scale. 


SE5  Geodynamics  of  the  lithosphere:  images  and 
models  of  active  tectonics 

Convener:  Furlong,  K.P. 

Co-Convener:  Wortel,  M.J.R. 


Global  Heat  Flow  and  the  Frequency-Size  Distribution  of 
Plume  Strengths 

B.D.  Malamud  and  D.L.  Turcotte 

Department  of  Geological  Sciences,  Cornell  University,  Ithaca,  NY  14853-1504 
USA;  Malamud@Geology.Comell.edu  or  Bruce @Malamud.Com 

Hot  spot  volcanism  and  the  associated  lithospheric  swells  are  generally 
attributed  to  mantle  plumes.  The  amplitudes  of  the  swells  have  been  used 
to  quantify  the  buoyancy  and  heat  fluxes  associated  with  these  plumes.  We 
hypothesize  that  plume  frequency-size  statistics  are  power-law  (fractal). 
We  find  good  agreement  with  the  largest  plumes.  At  =  l-SSB"'  ”,  where  Nc 
is  the  total  number  of  plumes  with  buoyancy  flux  >  B.  Sclater  et  al.  (1980) 
have  estimated  that  60%  of  the  total  GHF  (global  heat  flux)  is  due  to  plate 
tectonics;  a  fundamental  question  is  whether  the  remaining  40%  can  be 
attributed  to  plumes  or  another  form  of  secondary  convection.  Sleep  (1990) 
and  Davies  (1988)  estimatee  that  about  6%  of  the  total  GHF  is  due  to 
plumes.  We  extrapolate  the  power-law  relation,  Nc  =  1.33B''  to  smaller 
plumes  and  find  that  if  40%  of  (he  total  GHF  were  due  to  plumes,  10,000 
plumes  ranging  from  0.01  <  B  <  9  Mg/s  (Hawaii)  would  be  needed.  A 
significant  heat  flux  is  associated  with  these  smaller  plumes,  many  of  which 
do  not  leave  a  surface  expression.  Although  there  is  no  direct  evidence  for 
these  plumes,  the  flattening  of  the  oceanic  lithosphere  subsidence  at  lOO 
Ma,  and  the  heat  input  to  the  base  of  the  continents,  provides  indirect 
evidence  for  their  existence. 


EVIDENCE  FOR  HOTSPOT  MOTION  FROM  THE  EASTER 
TRACK  /  NAZCA  PLATE 
B.  Steinberger  and  G.  Marquart 

Institut  fiir  Meteorologie  und  Geophysik,  60323  Frankfurt,  Germany. 
steinberOgeophysik.uni-frankfurt.de/Fax:  [49]  69  798  23280 
Reconstructions  of  absolute  plate  motion  in  the  Pacific  region  are  based  on  the 
assumed  fixity  of  the  Hawaiian  and  Louisville  hotspot.  Dynamical  models  of 
plumes  moving  in  large-scale  mantle  flow  however  can  produce  an  equally  good 
fit  to  both  observed  tracks  but  yield  a  different  absolute  plate  motion.  Since 
our  models  predict  a  westward  motion  of  the  Easter  plume  relative  to  Hawaii 
ahd  Louisville  of  up  to  several  cm/year,  the  Easter  hotspot  track  can  be  used  to 
test  the  case  of  hotspot  fixity.  Here  we  present  self-consistent  reconstructions  of 
Pacific  and  Nazca  plate  motion  and  evolution  of  the  plate  boundary  in  closely 
spaced  time  intervals,  considering  both  ridge  migration  and  ridge  jumps.  We 
show  that  for  a  sufficiently  strong  westward  motion  of  the  Easter  hotspot,  which 
some  of  our  models  show,  the  hotspot  does  in  fact  leave  a  track  on  the  Nazca 
plate  with  a  predicted  age  progression  that  matches  age  data.  The  predicted 
track  however  tends  to  be  ffirther  to  the  south  than  the  observed  ridges.  We 
use  different  scenarios  that  lie  within  the  considerable  uncertainties  of  both 
plate  reconstructions  and  predicted  hotspot  motion  to  optimize  the  fit  of  both 
topographic  trends  and  age  data  along  Nazca  and  Sala  y  Gomez  ridges  and  can 
thus  give  some  additionaJ  constraints  on  spreading  history.  Particularly,  it  is 
tested,  whether  the  fit  can  be  improved  if  a  rather  recent  change  to  the  current 
spreading  direction  is  assumed. 


OEODYNAMIC  BVOl-U  l  ION  AND  NliOTECTONK.'S  OF  THE  BI^CK  SEA 
REGION 

SltAdamia’,  S.Kuloshvili“,A.Chabukiani“,  V.Alania" 

*  Tbilisi  State  University,  Dcpei  lmenl  of  Geology 

”  Imlitule  of  Gcology,Gcorgian  Acad.of  Science  M.Aicksidzc  st.l  b,9  380093 
Tbilisi, GEORGIA;  zkuiello@iberiapac.ge 

An  analysis  oflhc  Hhanerozoic  evolution  of  the  Black  sec  region  shows  that 
at  least  fiom  Paleozoic  regior  evolved  as  an  active  margin  of  the  Northern  Tethys 
comprising  oceanic  and  continental  arc-back  arc  systems.  The  whole  region  seems 
to  represent  a  West  Pacific  type  long  living  accretionaiy  assemblage.  Gcologicaly 
the  region  rqtresent  a  mosaic  of  nucroplatcs  and  blacks  (Turkish,  Armenian, 
Transcaucasian,  Grater  Cauca.sian,  Black  Sen,  South  Caspian)  separated  fi'om  one 
another  by  large  fractures  in  theNis  crust  faults,  tlunsts,  strike-slips.  These  boundary 
zones  represent  belts  of  maximum  gcodynamic  activity  -  tectogenesis,  volcanism, 
orogeny.  Simultaneously,  thuy  are  also  the  main  scistiinactive  zones  of  the  region. 
The  largest  oiThese  zones-lhc  Norlli  Anatohan  fault  extends  for  about  1500  kro  from 
the  Marmara  sea  to  Iran.  The  main  scistnoactive’zime.s  in  Atineiiia  -  the  Sevan- 
Akera  and  Erevan  faults  represent  NE  branches  of  lltc  NAlt  Another  large 
seismoactive  structure  of  Eastern  Anatolia,  the  East  Annioliaii  fault,  has  it^’obable 
extension  in  Georgia  in  the  fqnn  of  the  Abul-Sainsar  seismoactive  fault 
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3D  MODEL  OF  THE  CRUSTAL  STRUCTURE  IN  EASTERN 
ROMANIA 

A.  Bala  ♦,  A.D.  Stiopol  * 

♦  National  Institute  for  Earth  Physics 
Email:  bala@inl^.ifa.ro 

The  main  tectonic  feature  in  Romania  -  Carpathian  Orogen  -  is  bounded  on  the 
North  and  North-East  by  the  East  European  Platform  and  on  the  East  and  South  by 
the  Moesian  Platform.  Inside  the  Carpathian  Arc  are  the  Transylvanian  and 
Pannonian  intra-arc  basins. 

Three  main  types  of  crustal  structure  have  been  identified  in  Romania: 

1. Geo^cIinal  type  (40  -  50  km  thick)  in  Eastern  and  Southern  Carpathians; 

2.  Platform  type  (30  -  40  km  thick)  in  Moesian  and  Moldavian  Platform; 

3.  Depression  type  (26  -  33  km  thick)  in  Parmonian  and  Transylvanian  Depression. 
Between  these  main  types  is  situated  the  subcontinental  model  of  the  Black  Sea 
crust  with  thickness  of  25  km.  Exceptions  from  the  above  classification  are :  1.  The 
crust  of  tlie  Apuseni  Mountains,  which  is  considerable  thinner  than  in  Eastern  and 
Southern  Carpathians,  and  the  crust  which  correspond  to  the  tnolassic  Neogene 
Foredeep  situated  in  front  of  the  Carpathian  South  Eastern  salient  ( 43  -  45  km ). 
All  the  information  available  about  the  lithosphere  stmcture  has  been  gathered 
from  file  results  of  the  refraction  and  reflection  seismic  lines  as  well  as  from 
punctual  seismic  recordings.  They  were  integrated  in  the  3D  images  of  the  Moho 
discontinuity  and  the  base  of  the  lithosphere  for  Eastern  Romania. 


DYNAMIC  REGULARITIES  OF  THE  PLATE  MOTION 

Yu.V.Barkin  (Slenberg  Astronomical  Institute  ,  MSU,  Univcrsitietskij  pr-t,  13, 
119899  Moscow,  Russia;  c-mail:  barkinrfiisai.msir.su) 

These  regirlarltics  were  established  as  results  of  analysis  of  the  plate  dynamic 
characteristics  (vectors  of  momentum  and  angular  momentum,  their  components 
and  oth.).  Menlioncd  characicrislics  were  defitred  for  model  of  the  plates  (Barkin, 
1995)  moving  in  accordance  with  kinematlcal  theory  H.S2-NOVELI  (Argus, 
Gordon,  1991)  and  oth.  1.  Poles  of  inomcnlum  and  angular  moincnhini  vectors  of 
the  plates  are  situated  around  three  ortliogonal  great  circles,  2.  VceUirs  of 
niomenliim  and  of  angtiltir-inoincnlnm  of  the  each  plate  are  orthogonal;  3, 
Relation  of  the  modules  of  angular  momentum  of  two  tirbitraiy  plates  are  equal  by 
relations  of  tlieirs  tnodules  of  momentum;  4.  Modules  of  angular  momentum  of  the 
plates  are  ratlonally-commensurebility  and  are  defiited  by  relation  G„  =  2"G, , 
where  is  universal  value  of  angular  momentum,  and  n  is  integer.  Obtained 
empirical  relations  and  regttlarities  3.  and  4.  by  its  form  are  similar  by  Keplerian 
law  and  Tizius-Bode  law  for  a  system  of  the  celestial  bodies. 


THERMAL-KINEMATIC  MODEL  OF  A  SUBDUCTING  SLAB 
S.Bianchi  (1),  D.DeVenezia  (1),  C.Giunchi  (1)  and  A.M.Negredo  (1) 

(1)  Dip.  di  Scienze  della  Terra,  Sezione  Geofisica,  20129  Milano,  Italy. 

We  present  results  from  two-dimensional  numerical  experiments  on  the  thermal 
and  kinematic  evolution  of  the  subducting  slab  and  the  overlying  mantle  wedge 
for  a  range  of  subduction  parameters.  They  include  subduction  rate  and  dip 
angle.  One  goal  is  to  determinate  how  different  parameters  control  the  thermal 
evolution  of  the  slab-wedge  interface,  from  subduction  initiation  up  through 
roughly  400  km  of  subduction.  An  addictional  goal  is  to  define  optimal  condi¬ 
tions  for  the  melting  of  slab  sediments  and  crust.  Maximum  wedge  temperatures 
are  recorded  at  higher  subduction  rates  and  are  found  to  be  strongly  depen¬ 
dent  on  factors  influencing  return  flow  into  the  wedge,  such  as  the  reology  of 
the  litosphere  (rigid  or  ductil).  The  dehydration  history  of  the  subducted  slab 
and  the  location  of  mantle  wedge  melting  have  been  inferred  after  a  compar¬ 
ison  between  computed  P-T-t  paths  and  phase  diagrams  for  hydrous  basalts 
and  ultramafics.  The  effects  of  both  fisical  and  numerical  parameters  on  ther¬ 
modynamic  modeling  of  subduction  zone  environments  have  been  evaluated. 


MODULATED  THERMOCONVECTI VE  WAVES 
IN  THE  CONTINENTAL  LITHOSPHERE 

B.  I .  Birger 

TTte  Earth’  Physics  Institute,  B.  Gruzinskaya  10, 
Moscow  123810, Russia.  birger@pgl2, iephys.  msk.  ru 

For  flows  associated  with  small  strains, 
rheology  of  rocks  is  described  by  the  linear 
integral  C having  a  memory^  law  which  reduces  to 
the  Andrade  law  in  the  case  of  constant  stress. 
The  continental  lithosphere  with  such  a 
rheology  is  overstable.  Thermoconvecti ve  waves 
which  can  propagate  through  the  lithosphere 
without  attenuation  have  a  period  of  about  200 
Ma  and  a  wavelength  of  the  order  of  400  km. 
Various  initial  temperature  perturbations  in 
the  lithosphere  leads  to  different  wave 
patterns:  packets  of  waves  or  standing  waves 
with  amplitude  modulation.  Thermoconvecti ve 
waves  induce  oscillations  of  the  Earth’  surface 
accompanied  by  sedimentation  and  erosion  and 
can  be  considered  as  a  mechanism  for  the  set  of 
sedimentary  basins  and  interbasinal  arches  on 
the  cratons. 


TRANSFORM-SUBDUCTION  TRANSITIONS:  A  COMPARISON 
AT  BOTH  ENDS  OF  THE  ALPINE  FAULT,  NEW  ZEALAND 

J.-Y.  Collot  (1),  J.-F.  Lebrun  (1),  G.  Lamarche  (1)  and  J.  Delteil  (2) 

(1)  Geosciences  Azur,  UMR  6526,  BP  48,  06235,  Villefranche  sur  mer,  France, 

(2)  Geosciences  Azur,  UMR  6526,  250  r.  A.  Einstein,  06250,  Valbonne,  France. 

Marine  geophysical  data  collected  over  the  Fiordland  and  Hikurangi  margins  at 
the  southern  and  northern  ends  of  the  strike-slip  Alpine  Fault  (AF),  together 
with  other  data  show  that  the  AF-Puysegur  subduction  transition  differs  from 
that  of  the  AF-Hikurangi  subduction.  At  the  Fiordland  margin,  the  transform- 
subduction  transition  is  sharp  and  accommodated  by  a  tear  fault  in  the  down¬ 
going  plate.  The  tear  propagates  seaward  along  the  Resolution  Ridge  Fault 
System,  a  major  crustal  discontinuity  in  the  downgoing  plate,  which  lines  up 
with  the  AF  and  controls  its  development.  At  the  southern  Hikurangi  margin, 
the  transform-subduction  transition  is  progressive  and  occurs  by  the  way  of  mo¬ 
tion  partitioning  between  the  subduction  interface  and  upper-plate  strike-slip 
faults.  Motion  partitioning  results  from  an  inter-plate  coupling  that  increases 
toward  the  AF  in  relation  with  a  progressive  thickening  of  the  down-going  plate. 
The  thickening  represents  a  crustal  discontinuity  between  the  oceanic  Hikurangi 
Plateau  and  the  northern  edge  of  the  continental  Chatham  Rise  that  trends 
obliquely  to  the  AF.  The  comparison  between  these  2  transform-subduction 
transitions  shows  that  the  presence  of  an  inherited  crustal  discontinuity  in  the 
down-going  plate,  its  type,  and  orientation  with  respect  to  the  plate  motion 
are  factors  controlling  the  structural  style  of  the  transition. 


MODEL  FOR  INELASTIC  POSTSEISMIC  DEFORMATION 

Jos6  Fernandezfl).  John  B.  Rundle(2),  and  Ting-To  Yu  (3) 

(1)  Instiluto  de  Asironomfa  y  Geodesia  (CSIC-UCM),  Madrid,  Spain 
(jft@iagmatl  .mat.ucm.es).  (2)  Cooperative  Institute  for  Research  in  Environmental 
Sciences,  University  of  Colorado,  Boulder,  USA.  (3)  Institute  of  Earth  Science, 
Academia  Sinica,  Taipei,  Taiwan. 

With  the  advent  of  modern,  precise,  space-based  geodetic  observational  techniques, 
particularly  including  continuously  recording  GPS  stations  and  Interferometric 
Synthetic  Aperature  Radar  systems,  has  come  the  need  to  interpret  these  data  using 
the  best  available  models  for  earthquake-induced  deformations.  Because  the  data 
observed  to  date  following  major  earthquakes  clearly  shows  the  presence  of 
inelastic  processes  operating  in  the  earth's  crust,  appropriate  models  must  include 
the  effects  of  inelastic  stress  relaxation,  near  the  fault  and  at  depth  in  the  crust.  At 
the  same  time,  new  advances  in  both  computational  performance  and  availability  are 
stimulating  the  development  of  new  methods  for  simulating  the  dynamics  of  the 
earthquake  cycle.  These  simulations  demand  the  use  of  the  best  available 
technology  for  calculating  stress  relaxation  and  redistribution,  using  Green's 
functions  for  the  processes.  In  this  talk,  we  present  the  models  developed  by  our 
group  and  indicate  how  and  where  they  may  be  obtained  for  general  use  by  others 
(e.g.,  anonymous  ftp:  /fractal/users/ftp/pubWiscocodes  at  fractal.colorado.edu). 
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NUMERICAL  MODELLING  OF  BASIN  EVOLUTION  IN  THE 
NORWEGIAN-DANISH  BASIN 

S.  Frederiksen.  S.B.  Nielsen  and  N.  Balling. 

Department  of  Earth  Sciences,  Geophysical  Laboratory,  University  of  Aarhus, 
Finlandsgade  $,  8200  Aarhus  N,  Denmark,  e-mail: 
susanne.frederiksen@geoserverl.aau.dk,  fax:  +  45  86  10  10  03. 

Tectonic  subsidence  curves  in  the  Norwegian-Danish  Basin  show  that  the  main 
rifting  phase  took  place  in  Upper  Permian  and  Triassic.  This  event  is  the  subject  of 
this  paper.  Observations  of  crustal  thicknesses,  and  analysis  of  the  subsidence 
history,  support  that  lithospheric  extension  is  a  major  ingredient  of  the  basin  forming 
process. 

Structural  and  stratigraphic  data  for  the  modelling  are  extracted  from  a  400  km 
profile  across  the  basin.  The  sedimentary  thicknesses  along  the  profile  are  taken 
from  isopach  maps. 

The  thermo-mechanical  behaviour  of  the  lithosphere  is  simulated  by  an  elasto-visco- 
plastic  rheology  in  a  plane-strain  finite  element  model.  Sedimentation,  erosion  and 
compaction  of  sediments  are  included  in  the  thermal  model.  Eustalic  sea  level 
changes  and  paleo  water  depths  are  taken  into  account.  A  simple  start  model  is  used 
consisting  of  pre-rift  sediments,  crust  (wet  quartz)  and  mantle  (wet  olivine)  material. 
A  heat  flow  anomaly  is  used  to  weaken  the  lithosphere  prior  to  rifling. 

The  infilling  of  the  basin  till  end  Cretaceous  can  be  explained  by  extension  in  Upper 
Permian  and  Triassic,  variations  in  eustatic  sea  level  and  paleo  water  depth,  and 
sediment  compaction. 


INITIATION  OF  INTRA-PLATE  SUBDUCTION  DUE  TO  END- 
PLATE  COMPRESSION:  NUMERICAL  APPROACH 

M-  Gerbault  (1),  A. Poliakov  (1),  M.Daignieres  (1)  and  G.  Burov  (2) 

(1)  Lab.  of  Geophysics  and  Tectonics,  University  of  Montpellier  II,  France, 

(2)  BRGM,  Orleans,  France. 

gerbault0d3tu.univ-:montp2.fr/Fax:  [33]  4  67  59  32  08 
It  is  recognized  that  end-plate  compressional  stresses  may  induce  folding  of 
oceanic  and  continental  lithosphere.  If  these  forces  remain  constant  long  enough 
through  time,  folding  of  the  whole  lithosphere  develop  and  simultaneously  fault¬ 
ing  within  competent  layers.  For  continental  lithosphere  with  a  relatively  stong 
non-uniform  stratified  rheologies,  shear  zones  appear  at  the  inflexion  of  the 
folds,  go  through  the  lower  crust  and  connect  deformation  in  the  upper  crust 
and  into  the  upper  mantle.  Deformation  may  localize  in  several  shear  zones 
that  go  through  the  whole  lithospheric  thickness:  a  new  subduction  zone  can 
initiate.  Depending  on  rheologies  and  softening  properties  of  brittle  behaviour, 
we  show  different  scenarios  of  accomodation  of  deformation.  There  may  not 
be  one  subducting  plane  at  the  beginning,  because  gravity  forces  work  against 
further  underplating.  Therefore  major  shear  zones  jump  around  a  few  times, 
while  the  whole  lithospheric  material  is  on  the  verge  of  failure  and  undergoes 
softening.  Finally,  one  major  shear  zone  may  win  and  accomodate  the  whole 
deformation  by  subduction.  Study  of  rheologies,  topographic  evolution,  taking 
into  account  erosion  and  sedimentation,  help  to  constraint  which  places  in  the 
world  are  susceptible  to  be  a  further  intra^plate  subduction  zone. 


MANTLE  DRIVEN  ACTIVE  TECTONICS  AT  THE  MENDO¬ 
CINO  TRIPLE  JUNCTION,  CALIFORNIA 
K.P.  Furlong 

Geodynamics  Research  Group,  Department  of  Geosciences,  Penn  State  Univer¬ 
sity,  University  Park,  PA,  USA. 

kevinCgeodyn . psu . edu 

At  the  Mendocino  Triple  Junction  (MTJ),  the  western  margin  of  the  North 
American  plate  changes  from  convergent  north  of  the  triple  junction  (Casca- 
dia  subduction  zone)  to  translational  south  of  the  triple  junction  (San  Andreas 
transform).  Plate  kinematics  in  this  region  would  imply  that  most  crustal  short¬ 
ening  should  occur  north  of  the  MTJ  associated  with  plate  convergence.  How¬ 
ever  the  process  of  crustal  shortening  does  not  follow  this  pattern;  rather  a 
discrete  region  of  crustal  thickening  (shortening)  forms  in  association  with  the 
slab  window  produced  at  the  triple  junction.  With  passage  of  the  MTJ,  a  slab 
window  forms  immediately  south  of  the  triple  junction.  The  influx  of  astheno- 
spheric  mantle  into  the  slab  window  produces  both  thermal  and  mechanical 
modifications  to  the  plate  boundary  regime.  In  particular,  the  upwelled  mate¬ 
rial  cools  and  accretes  in  a  complex  fashion  to  the  Pacific,  North  American, 
or  Juan  de  Fuca  plates  bounding  the  triple  junction.  This  complex  pattern  of 
accretion  leads  to  relative  plate  motions  from  north  of  the  MTJ  (Juan  de  Fuca  - 
North  America)  being  applied  south  of  the  MTJ  to  the  base  of  North  America  - 
resulting  in  a  localized  region  of  crustal  shortening  and  thickening  of  the  North 
American  crust.  This  mechanical  crustal  thickening  is  then  further  modified  by 
magmatic  additions  derived  from  the  emplaced  asthenospheric  mantle. 


LITHOSPHERIC  TECTONICS  OF  A  TRANSPRESSIONAL 
PLATE  BOUNDARY:  FIORDLAND,  NEW  ZEALAND 
K.P.  Furlong  (1)  and  H.  Anderson  (2) 
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Transpressional  plate  boundaries  are  locations  of  complex  crustal  deformation. 
Although  these  boundaries  often  show  evidence  of  strain  partitioning  in  the 
crust,  how  strain  is  accommodated  on  a  lithospheric  scale  is  unclear.  Fiordland, 
in  the  SW  corner  of  the  South  Island  of  New  Zealand  provides  an  excellent  locale 
to  study  the  evolution  of  a  transpressional  boundary.  It  sits  at  the  northern 
end  of  the  Macquarie  Ridge  -  Puysegur  plate  boundary  between  the  Pacific 
and  Australian  plates.  The  region  was  purely  translational  during  the  Miocene 
(20  Ma-5  Ma),  with  a  change  to  more  transpressional  kinematics  during  the 
past  5  Ma.  The  combination  of  deep  seismicity,  a  significant  Bouguer  gravity 
high,  and  exposed  middle  crustal  rocks  in  Fiordland  indicate  that  support  for 
the  elevated  topography  comes  from  processes  associated  with  transpression. 
This  tectonic  style  is  a  consequence  of  the  plate  boundary  geometries  at  the 
initiation  of  transpression  -  in  the  Fiordland  region  the  3-D  geometry  during 
the  translational  phase  included  a  lateral  offset  between  the  near  surface  and 
deeper  plate  boundaries.  initial  condition  allowed  the  lithosphere  in  the 
region  to  accommodate  transpression  without  concomitant  thickening  in  the 
superjacent  crust,  as  has  occurred  further  north  in  the  NZ  Southern  Alps. 


EVOLVING  TECTONIC  STRUCTURES  IN  ROMANIA 
Gheorghe  Gardu 

S.C.Prospectiuni  S.A.,Str.Caransebes,  Nr.l,  sect.l,  Romania,  gardu@ulise.cs.pub.ro 

Vorotilov  drill  hole  stress  measurement  stated  that  East  European  Plate  has  its  own 
stress  direction  N  137  degree  E,  wich  are  in  good  agreement  with  those  measured  for 
Central  Europe,  of  N  145  degree  E  (counter  clockwise  rotation  ?)(K.Huberm, 
Tectonoph.,1997).  Paleomagnetic  measurement  made  in  Apuseni  Mountains 
(Romania)  stated  that  this  area  not  only  that  it  suffered  a  clocwise  rotation,  but  it  is 
not  on  its  birth  site,  being  brought  here  from  lower  altitudes,  and  those  combined 
movements  started  in  Laramian  orogenesis(Patrascu,  1988).  Albania  paleomagnetic 
meauremenets  stated  that  clockwise  rotation  was  a  general  movement  for  Albanides, 
Circum-Rhodope  and  the  Serbo-Macedonnean  massif  (Mauritsch,Tectonoph.,1995). 
Geophysical  data  in  Apuseni  Mountains  suggest  that  Ca^athian  Alpine  Chain  is 
disposed  onto  an  old  suture  zone,  wich  originally  was  a  rifting  zone,  ophiolites  being 
found  outcropping,  and  then  migrated  eastward.  Alpine  plate  Eastward  pushing,  made 
what  is  now  Carpathian  encourbed  belt,  the  hanging  wall  being  EEP.  Vrancea 
earthquake  area  is  just  an  remnant  from  those  huge  plates  struggle. 
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NUMERICAL  SIMULATIONS  OF  TRANSPRESSION 
R.  Covers 

Veiling  Meinesz  Research  School  of  Geodynamics,  Faculty  of  Earth  Sciences, 
Utrecht  University,  PO  Box  80021,  3508  TA,  Utrecht,  The  Netherlands. 

In  various  present-day  regions,  transpression  is  responsible  for  thickening  and 
uplift  of  the  crust  (e.g.  Puysegur  Trench-Alpine  Fault,  South  island.  New 
Zealand;  San  Andreas  Fault,  Southern  California).  In  most  cases,  it  is  not 
clear  on  the  basis  of  available  data  whether  convergence  along  the  strike  slip 
fault  has  evolved  into  steady  state  subduction  of  oceanic  lithosphere  with  a 
significant  strike  slip  component.  The  evolution  from  pure  strike  slip  to  ma¬ 
ture  oceanic  subduction  (if  it  ever  occurs)  is  investigated  following  a  change  in 
relative  motion  from  strike  slip  to  transpression.  Numerical  simulations  of  the 
(thermo-)mechanical  evolution  of  an  ocean-continent  plate  boundary  are  used. 
Aims  are  1)  to  identify  in  the  numerical  results  observables  that  can  be  used 
to  infer  the  stage  of  convergence  in  these  regions,  e.g.  patterns  of  strain,  hori¬ 
zontal  and  vertical  motion,  metamorphic  grade  and  sediment  distributions,  2) 
to  determine  the  amount  of  normal  convergence  necessary  to  arrive  at  steady 
state  subduction,  and  eventually,  3)  to  be  able  to  better  understand  orogens 
that  were  formed  in  transpressional  settings  in  the  past,  like  the  Alps  or  the 
Betic  Cordillera.  First  results  are  presented  of  simulations  for  well  established 
ocean-continent  transform  faults  that  ate  subjected  to  moderate  amounts  of 
convergence.  Rheological  contrasts  and  relative  buoyancy  play  a  fundamental 
role  in  the  behavior  of  the  system.  Laboratory-derived  rock  mechanical  proper¬ 
ties  and  realistic  geotherms  are  used  to  constrain  possible  rheological  contrasts. 
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CHARACTERIZATION  AND  MODELING  OF  THE  IN¬ 
TRAPLATE  DEFORMATION  IN  THE  WHARTON  BASIN 
(N-E  INDIAN  OCEAN) 

H.  Hebert  (1),  C.  Deplus  (1,*)  and  M.  Diament  (1) 

(1)  Institut  de  Physique  du  Globe,  Paris,  France,  (*)  and  CNRS. 

The  Indian  Ocean  east  of  the  90°E  Ridge  is  underlined  by  an  intense  and 
presently  active  intraplate  deformation.  Multibeam  bathymetry  and  seismic 
data  gathered  during  the  Samudra  cruise  (N/0  L’Atalante,  1995)  reveal  three 
active  N5*E  left  lateral  strike-slip  faults  at  least  700  km  long.  These  faults 
reactivate  fossil  transform  zones  associated  with  the  presently  extinct  E-W 
spreading  centre  of  the  Wharton  Basin.  Focal  mechanisms  of  the  global  seis- 
mological  network  are  in  agreement  with  left  lateral  strike-slip,  and  suggest 
that  the  intraplate  deformation  may  affect  a  large  part  of  the  Wharton  Basin: 
the  whole  basin  could  be  cut  in  long  N-S  slivers.  The  style  of  deformation 
contrasts  with  the  one  documented  for  the  Central  Indian  Ocean,  west  of  the 
90°  E  Ridge,  where  pure  N-S  compression  occurs  and  reactivates  ancient  normal 
faults  inherited  from  seafloor  spreading.  The  difference  may  be  explained  by 
the  nature  of  the  northern  plate  boundary:  a  colli!  I  sion  boundary  north  of 
the  Centr  al  Indian  Ocean  and  an  oblique  subduction  boundary  north  of  the 
Wharton  Basin. 

In  this  study  we  present  a  numerical  model  accounting  for  the  observed  defor¬ 
mation  pattern.  We  discuss  the  influence  of  the  boundary  conditions,  especially 
the  northern  ones,  and  the  role  of  preexisting  weakness  zones  in  the  oceanic 
lithosphere  of  the  Wharton  Basin. 


ELEMENTS  OF  ELASTIC  SYMMETRY  OF  THE  3rd  AND  5lh  ORDER 
IN  CORE  SAMPLES  FROM  THE  KOLA  SUPERDEEP  BOREHOLE  IN 
THE  DEPTH  INTERVAL  9-  12  KM. 
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Spatial  position  of  elastic  symmetry  elements  of  the  core  samples  from  the 
Kola  Superdeep  Borehole  in  the  range  from  9  to  12  km  have  been  investigated 
by  means  of  acoustopolariscopic  method.  Stress  field  existing  on  the  moment 
of  rock  formation  determines  elastic  symmetry  of  rocks.  Commonly,  a  stress 
field  is  determined  by  three  resultants  of  all  acting  forces,  that  suggests  two 
components  in  each  plane  normal  to  the  resultants  and  clement  of  elastic 
symmetry  of  the  second  order.  Some  of  our  samples  reveal  elements  of  elastic 
symmetry  of  the  3rd  and  5th  order  and  a  lot  of  ^cm  reveal  transitional  types 
of  symmetry.  That  is  illustrated  by  acoustopolariscopic  shapes,  where 
modification  of  2-4-petal  form  to  3-S-p^al  takes  place.  This  effect  is  a  result  of 
modem  reconstruction  of  stress  field  structure  in  the  deep  interval. 
Superposition  of  new  elements  of  elastic  symmetry  on  rocks  with  paleostresses 
gives  an  opportunity  to  observe  the  presence  of  old  as  well  as  new  dements  of 
dastic  symmetry  simultaneously.  The  lack  of  equiUbrium  in  stress  state  of  rock- 
massifs  leads  to  the  decreasing  of  rock  strength. 


THE  GLOBAL  DISTRIBUTION  OF  AVERAGE  (5x5  DEG.)  DEPTHS  OF 
MOHO  DISCONTINUITY:  IMPLICATION  TO  PLATE  TECTONICS 

Koryakin  E.D.*,  Stroev  P.A.*,  Grashinsky  AN. 
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O.Iu.Schmidt  Joint  Institute  of  Physics  of  the  Eaitth,  Russian  Academy  of  Science, 
Moscow,  Russia 

The  all  available  seismic  data  for  the  thickness  of  the  earth  crust  were  compiled  and 
averaged  in  the  5  x  5  deg.  grid  for  the  whole  earth.  For  any  distant  and  inaccessible,  poor 
known  regions,  like  high  mountains  of  the  Middle,  South  and  Little  Asia,  American 
Cordilleras  and  Andes,  Antarctica,  Greenland  and  so  on,  these  data  are  absent.  For  such 
regions  the  depths  of  Moho  discontinuity  (M)  was  estimated  by  means  of  the  correlations 
between  the  cmst  thickness,  topography  and  Bouguer  gravity  anomalies.  The  resulting 
map  of  M  depths  is  drawing.  It  is  seen,  that  average  M  depths  are  different  for  the 
various  lithospheric  plates.  The  greatest  values  are  on  the  European  plate  (maximum  is 
63  km).  The  Northamerican,  Southamerican  and  Australian  plates  show  the  depths  to  SO 
km,  on  African  and  Antarctic  plates  maximum  is  40-50  krn.The  average  M  depths  on 
Pacific  plate  are  greater  (to  15-20  km),  than  on  Cocos  and  Nazca  plates  (9-10  km).  In 
Atlantic  ocean  we  see  the  average  M  riepths  to  10-13  km  on  the  North  and  to  17  krn  on 
the  South  Atlantic.  The  Indian  plate  has  the  M  depths  10-19  km.  The  lower  values  are 
on  the  vicinities  of  mid-ocean  ridges.  The  regions  of  East  Pacific  Rise,  Mid-Atlantic 
Ridge  and  Ninetyeast  Ridge  are  traced  by  average  M  depths  10-11  km.  On  the  Southwest 
and  Southeast  Indian  Ridges  these  values  ate  rather  greater  (to  13-14  km).These 
differences  are  cormected  apparently  with  the  ages  of  lithospheric  plates.  These  data 
allow  to  estimate  the  gravity  contribution  of  the  earth  crust  to  the  whole  gravity  field  of 
the  Earth.  This  work  has  been  supported  by  Russian  FundamentalResearch  Foundation 
No.  97-05-64342. 


MATHEMATICAL  MODELLINING  OF  THE  MOVEMENT  OF  A  LAYER 
MELTING  IN  THE  EARTH. 

S.G.Kostyanev,  Dept,  of  Mathematics,  University  of  Mining  &  Geology.  Sofia-1 100, 
Bulgaria;  e-mail:  skost@staff.mgu.bg/Fax;++359-2-621042 

When  bulding  the  mathematical  model  both  the  melting  proriess  of  Earth  and  forming 
its  cmst  it  is  necessary  to  treat  as  minimum  bi-component  earth  containing  fusible  and 
refractory  fractions.  Moreover,  the  fusible  fraction  contains  more  radioactive  sources 
of  heat.  The  mathematical  model  has  to  reflect  two  processes:  the  heating  process 
which  results  in  melting,  and  a  process  of  redistribution  of  components  by  convecting. 
In  this  paper  we  offer  a  model  of  solving  the  problem  of  heat  conductivity  and 
defining  the  melting  zone,  i.e.  Stephan's  problem.  Since  separating  the  components 
depends  on  convection  and  not  on  diffusion  therefore  it  is  done  more  rapidly  than  the 
movement  of  the  melting  layer,  so  we  consider  that  the  process  of  redistribution  of 
the  components  takes  place  practically  in  an  instant.  Thafs  why  we  describe  that 
process  in  the  equation  of  the  balance  of  the  substance  thinking  that  the  refractory 
fraction  crystallises  first  and  then  fusible  ftaction  while  the  melting  layer  moves.  The 
algorithm  in  this  paper  allows  for  solving  Stephan's  problem  at  a  variable  critical 
temperature  at  the  presence  of  numerous  layers  of  melting. 


ACTIVE  DEFORMATION  OF  EASTERN  INDONESIA  AND  THE 
PHILIPPINES  INFERRED  FROM  SEISMICITY  AND  GEODE¬ 
TIC  DATA 

G.  Kreemcr  (1),  S.  Goes  (2).  R.  Govers  (2)  and  W.  Holt  (1) 

(I)  Department  of  Earth  and  Space  Science,  SUNY-Stonybrook,  NY  11794, 
US.A,  (2)  Veiling  Meinesz  Re.search  School  of  Geodynamics,  Faculty  of  Earth 
Sciences,  Utrecht  University,  the  Netherlands. 

The  eiustern  part  of  Indonesia  and  the  Philippine  region  is  an  area  of  complex 
deformation  where  plate  boundaries  are  being  reorganized  in  response  to  the 
arrival  of  Australian  continental  material  at  the  Banda  trench.  We  investigate 
the  nature  of  deformation  in  this  region  through  an  inversion  of  shallow  focal 
mechanisms  from  the  Harvard  CMT  catalog  and  GPS  data  (Genrich  et  ah, 
1996;  Puntodewo  et  al.,  1994)  for  a  regional  strain  rate  and  velocity  field. 

.A  strain  rate  field  derived  from  seismicity  alone  is  strongly  dominated  by  the 
largest  5  events  in  the  catalog  and  velocities  are  only  about  10%  of  NUVEL-la. 
Inherently  such  a  picture  only  illustrates  short-term  deformation  as  the  length 
of  the  CMT  catalog  is  significantly  less  than  estimated  recurrence  times  for 
these  large  events.  We  find  however  that  the  seismic  strain  field  is  moderately 
self-similar  for  events  with  moments  less  than  le20  Nm.  The  smaller  events 
were  tesed  in  a  joint  inversion  with  available  GPS  data,  where  the  seismicity  is 
only  used  to  characterize  the  style  of  deformation.  This  results  a  strain  field 
that  dearly  illustrates  the  effects  of  strain  partitioning  in  northern  Irian  Java 
and  the  Philippines,  as  well  as  the  change  from  convergence  along  the  trench 
west  of  Sumba  to  convergence  in  the  back  arc  region  east  of  Suinba. 


Rock  Masses  Transposition  and  Genesis  of  Variscan  Plutonites  in  the  Bohemian 
Massif 

Lenka  Kucerova  Geophysical  Institute,  Academy  of  Sci.,  Bocni  11/1401,  14131 
Praha4,  Czech  republic 

Plutonites  belong  to  the  dominanting  rocks  of  the  Bohemian  Massif.  Their  genesis 
seems  to  be  associated  with  the  transposition  of  rock  material  in  the  Variscan  plate 
rotation.  Plutonites  are  concentrated  into  large  bodies  /  the  Cennal  Bohemian  Pluton, 
the  Moldanubian  Pluton.../the  shape  of  which,  according  to  geophysical  methods, 
have  been  assumed  to  be  conoidical.  For  Variscan  plutonism,  the  older  prevariscan 
construction  was  significant.  The  prevariscan  blocks  preserved  their  "roots"  in  a 
lower  cmst,  the  upper  solid  parts  are  rotated  and  pressed  to  the  depth.  Under  pressure 
conditions  from  3  to  5  kbar  and  temperatures  600  -700^,  the  melting  process  of 
prevariscan  rocks  gives  the  genesis  of  granitoid.  As  the  assumed  azimut  of  the  force 
vector  which  is  responsible  for  rotation  tends  from  NW,  the  blocks  located  more  to  the 
West  are  pressed  prior  to  those  located  more  to  the  East.  The  course  of  the  blocks 
deformation  is  not  continuos,  the  simple  rotation  is  complicated  by  the  contact  with 
another  plate  on  the  East.  We  can  recognize  two  fases  of  this  motion  ,  as  the  orginal 
compressed  zones  are  changed  to  extension.  In  this  process  the  place  for  plutones 
implantation  is  made.  This  doublefases  process  is  confirmed  by  two  groups  of  rocks  of 
different,  however  Variscan,  age. 
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RECENT  SUPERINTENSIVE  DEFORMATIONS  OF  PLAT¬ 
FORM  FAULT  ZONES 

Ki.:;min  Yu.O.  United  Institute  of  Physics  of  the  Earth,  Resent  Geo¬ 
dynamic  Lab.,  Moscow,  Russia.  YU^@KUZM.MSK.RU 

Superintensive  deformations  (SD)  of  the  surface  with  a  speed  of  up  to 
70  mm  per  year  have  been  discovered  lately  in  the  zones  of  “stable” 
platform  faults  traditionally  considered  as  calm  (with  a  low  activity  of 
4eformation  process  1  mm  per  year).  It  radically  alters  the  established 
notion  about  the  platform  areas  as  regions  “with  a  low  activity  of  crust 
movements”.  Up  to  this  time  these  traditional  notions  have  made  it 
possible  to  design  and  employ  openly  ecologically  dangerous  objects 
(nuclear  and  hydroelectric  power  stations,  deposits  of  oil  and  gas  et 
al.)  without  consideration  and  knowledge  of  possible  negative  conse¬ 
quences  of  SD-processes  in  platform  fault  zones.  The  described  new 
approaches  are  based  on  a  bank  of  unique  information  have  been  col¬ 
lected  for  many  years  on  the  geodynamic  and  technogenic  polygons  of 
the  FSU.  The  method  of  assessment  (including  geodetic  data,  and 
modeling  of  crustal  deformations)  and  forecast  of  ecology-geody- 
namic  risk  was  developed  from  this  results  for  this  time  in  the  world. 


EVOLUTION  OF  THE  PAC/AUS  PLATE  BOUNDARY  SOUTH 
OF  NEW-ZEALAND;  INITIATION  OF  THE  PUYSEGUR  SUB- 
DUCTION  ALONG  A  STRIKE-SLIP  PLATE  BOUNDARY. 

J.-F.  Lebrun,  J.-Y.  Collot  and  G.  Lamarche 

Geosciences  Azur,  UMR  ,6526,  BP  48,  06235  Villefranche  sur  mer,  France. 
Marine  geophysical  data  collected  during  the  GEODYNZ  cruise  along  the  PAC- 
AUS  plate  boundary,  at  the  transition  between  the  intra-continental  Alpine 
Fault  (AF),  the  Puysegur  subduction  and  oceanic  Puysegur  Fault  (PF).  to¬ 
gether  with  a  kinematic  reconstruction  of  the  plate  boundary  provide  new  in¬ 
sights  about  subduction  initiation  along  a  strike-slip  plate  boundary.  These 
data  show  that  prior  to  the  AF  formation,  about  25  Ma.  the  Puysegur  Fault 
and  intra-continental  Moonlight  Fault  formed  the  strike-slip  plate  boundary, 
that  was  connected  to  a  spreading  centre  in  the  S-E  Tasman  Basin.  After  the 
onset  of  the  AF,  an  intra-continental  transpressive  relay  formed  between  the 
AF  and  the  PF.  Strike-slip  motion  led,  20Ma,  to  the  juxtaposition  of  oceanic 
and  continental  crusts  along  the  transpressive  relay,  suggesting  that  oceanic 
subduction  initiated  at  that  time.  About  oMa,  an  increase  of  the  plate  conver¬ 
gence  favoured  the  propagation  of  the  subduction  along  a  pre-existing  fracture 
zone  adjacent  to  the  PF.  The  Puysegur  example  suggests  that  subduction  ini¬ 
tiation  along  a  strike-slip  plate  boundary  requires:  1-  a  transpressive  relay  to 
localise  the  compressive  deformation;  2-  juxtaposition  of  crusts  with  different 
thicknesses  and  densities;  3-  an  increase  of  the  plate  convergence  vector;  and  4- 
inherited  structures  to  facilitate  the  subduction  development  and  propagation. 


TECTONICS  AT  A  TRANSFORM-SUBDUCTION  RELAY  ZONE, 
THE  PUYSEGUR  AREA,  SOUTH  OF  NEW  ZEALAND. 

G.  Lamarche,  J.-F.  Lebrun  and  J.-Y.  Collot 

Geosciences  Azur,  UMR  6526,  BP  48,  06235,  Villefranche  sur  mer,  France. 

South  of  New  Zealand,  the  PAC-AUS  plate  boundary  comprises  the  Puysegur 
oblique  subduction  that  becomes  incipient  southward,  where  it  is  left  laterally- 
relayed  by  the  Puysegur  dextral  strike-slip  fault.  Geophysical  data  indicate  that 
the  relay  zone  consists  of  a  series  of  transpressive  faults  splaying  northward  in 
a  fan  shape  fashion  from  the  Puysegur  Fault  toward  the  trench.  A  braided 
pattern  of  oblong  and  sigmoid  ridges  and  basins  is  characteristic  of  the  surface 
expression  of  the  transpressive  faults.  Because  no  other  major  active  deforma¬ 
tion  zone  is  found  either  north  or  south  of  the  relay  we  inferred  that  the  relay- 
transfers  most  of  the  plate  motion  from  the  Puysegur  Fault  to  the  subduction 
front.  The  connection  between  the  transpressive  faults  and  the  Puysegur  Fault 
occurs  in  N-S  trending  basins  that  may  have  resulted  from  transtension.  The 
basins  bound  the  NE  termination  of  an  oceanic  terrane  that  appears  to  be 
translated  northward  between  the  Puysegur  Fault  and  the  trench.  VVe  believe 
that  extension  resulted  from  the  trenchward  collapse  of  the  terrane  following  the 
subduction  initiation.  Subsequent  transpressive  motion  has  started  to  shorten 
the  basins.  The  development  of  the  relay,  which  appears  to  migrate  southward 
from  the  continental  landmass  of  New  Zealand  to  the  oceanic  domain,  accom¬ 
panies  the  development  of  the  subduction. 


SURFACE  WAVE  DIFFRACTION  TOMOGRAPHY  OF  THE 
SOUTHEAST  ASIA  MARGINAL  BASINS 


MODELLING  OF  THE  FIRST  ORDER  DYNAMICS  OF  THE 
EURASIAN  PLATE;  APPLICATION  TO  THE  ALPINE  THRUST 
J.  J.  P.  Loohuis,  M.  J.  R.  Wortel  and  P.  Th.  Meijer 

Vening  Meinesz  Research  School  of  Geodynamics,  Faculty  of  Earth  Sciences, 
Utrecht  University,  PO  Box  80021,  3508  TA,  Utrecht,  The  NetherJandsr- 

A  set  of  models  is  presented  for  the  first  order  dynamics  of  Eurasia.  The  research 
essentially  falls  into  two  parts.  The  first  is  the  description  of  a  plate  geometry, 
with  plate  tectonic  forces  applied  to  it,  which  are  constrained  using  realistic 
physical  assumptions.  .\s  a  result,  two  families  of  force  models  are  identified, 
which  show  similarities,  such  as  a  comparable  upper  limit  on  transform  fault 
resistance,  and  differences,  such  as  the  nature  of  basal  drag.  The  second  part 
is  the  subsequent  stress  modelling  using  selected  force  loads  for  the  plate,  and 
interpreting  the  results  in  terms  of  plate  scale  stress  patterns,  The  models  us¬ 
ing  small  resistive  basal  drags  and  moderate  boundary  forces  provide  the  best 
explanation  of  stre.ss  observations  compiled  in  the  World  Stress  Map  (WSM) 
data  base.  The  modelled  stress  field  is  characterized  by  generally  compressive 
tectonic  stresses  in  the  range  of  20  -  40.UPa.  with  Sfimar  orientations  coincid¬ 
ing  well  with  the  large-scale  patterns  identified  in  the  WSM.  The  latter  include 
the  stress  provinces  of  Western  Europe,  which  is  controlled  by  ridge  push  and 
Mediterranean  collision  processes,  and  Eastern  .A.sia.  caused  by  the  indention 
of  the  Indian  Plate  into  Eurasia.  Investigation  of  the  influence  of  an  intraplate 
thrust  zone  representing  the  Alps  has  given  an  indication  of  its  possible  influ¬ 
ence  on  the  European  stress  field,  inducing  increased  compressions  along  the 
axis  of  indention  close  to  the  thrust,  and  extensional  stresses  further  away. 


NUMERICAL  MODELLING  OF  CRUSTAL  SHORTENING  AND 
INVERSION  IN  SEDIMENTARY  BASINS 


Sergei  Lebedev  and  Guust  Nolet 

Dept,  of  Geosciences.  Princeton  University,  Princeton,  \J  08544,  US.\. 

We  model  full  long-period  seismograms  including  the  contributions  from  scat¬ 
tered  waves.  A  two-step  procedure  is  followed  for  every  record.  First,  we  com¬ 
pute  synthetics  using  the  WKBJ  approximation  and  apply  non-linear  optimiza¬ 
tion  to  find  an  average  model  along  the  source-station  path  that  minimizes  the 
data-synthetic  misfit.  Secondly,  we  use  the  Born  approximation  to  model  the 
propagation  of  the  surface  wave  modes  more  realistically.  The  sensitivity  of  the 
waveform  to  structural  perturbations  in  the  area  of  the  path  is  computed.  In 
this  way.  we  can  relate  the  misfit  of  the  WKBJ  synthetics  to  3-D  heterogeneity 
around  the  path.  This  results  generally  in  15-40  linear  constraints  (equation.s) 
for  the  S  velocity  anomaly  in  the  vicinity  of  each  path.  We  compute  a  3-D  tomo¬ 
graphic  model  in  a  linear  inversion  combining  the  equations  from  many  paths, 
and  compare  this  with  the  model  obtained  using  only  the  WKBJ  approach. 
We  apply  the  method  to  image  the  upper  mantle  velocity  structure  in  the 
Western  Pacific  -  Southeast  .Asia  region.  Preliminary  models  constrained  by  a 
few  hundred  seismograms  will  be  presented. 


David  Lundbek  Hansen  &  S0ren  Bom  Nielsen 

Department  of  Earth  Sciences,  Geophysical  Laboratory,  University  of  Aarhus, 
Finlandsgade  8,  DK-8200  Aarhus  N,  Denmark. 

Email :  David@geoserverl.aau.dk,  fax  ;  (+45)  86  10  10  03. 

The  deepest  parts  of  thermally  equilibrated  sedimentary  basins  in  are  principle 
strong  because  they  are  underlain  by  elevated  and  relatively  cold  mantle.  Yet  they 
respond  with  crustal  shortening  and  inversion  when  subjected  to  compressive 
tectonic  stress.  In  order  to  investigate  the  thermo-mechanical  prerequisites  for 
inversion  to  happen,  a  plane  strain  finite  element  model  has  been  built  in  which  the 
lithosphere  is  represented  by  an  elastic-visco-plastic  continuum.  Modelling  results 
show  that  regions  of  relatively  low  compressional  strength  must  exist  for  the 
compression  to  produce  shortening  and  inversion  in  the  basin  centre. 

In  response  to  the  thickening  of  sediments  and  crust  Moho  subsides  in  the  central 
parts  of  the  basin.  Flexural  effects  in  the  upper  mantle  transfer  this  Moho- 
subsidence  to  the  marginal  parts  of  the  basin,  where  marginal  troughs  are  created. 
Sedimentation  in  marginal  basins  synchronous  with  the  Inversion  is  thus  explained 
in  this  model. 

The  Late  Cretaceous  inversion  of  the  Sorgenfrei  Tornquist  zone  and  sedimentation 
in  the  Norwegian-Danish  Basin  is  consistent  with  this  model. 
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LITHOSPHERIC  RESPONSE  TO  TRANSPRESSIONAL  PLATE 
BOUNDARY  KINEMATICS 
R.  Malservisi  and  K.P.  Furlong 

Geodynamics  Research  Group,  Department  of  Geosciences,  Penn  State  Univer¬ 
sity,  University  Park,  PA,  USA. 

roccoCgeodyn . psu . edu 

The  crustal  adaption  to  tranpressional  oblique  convergence  has  been  studied  by 
a  variety  of  authors,  and  the  conditions  which  produce  partitioning  or  oblique 
convergence  within  the  crust  are  beginning  to  be  understood.  The  behavior 
of  the  subjacent  lithospheric  plate  boundary  to  transpression  is  still  however 
poorly  understood.  To  improve  our  understanding  of  this  type  of  plate  bound¬ 
ary  regime,  we  have  utilized  a  3-D  FEM  model  (TECTON)  which  allows  us  to 
study  the  role  of  different  rheology,  thermal  states  and  time-dependent  defor¬ 
mation  (e.g.  grain  size)  in  controlling  the  final  deformational  style.  In  particular 
we  focus  our  attention  on  rheology,  plate  boundary  geometry  and  temperature 
variation  (temporal  and  spatial)  to  see  how  these  affect  the  shear  zone  prop¬ 
erties  and  the  evolution  of  a  transpressional  geometry.  The  result  of  this  anal¬ 
ysis  can  be  applied  in  the  study  of  different  plate  boundary  zones,  including 
the  northern  San  Andreas  fault  (USA),  Fiordland  (New  Zealand)  and  Queen 
Charlotte  fault  (Canada). 


THE  ONSET  OF  EXTENSION  DURING  LITHOSPHERIC  SHORTENING:  2-D 
DYNAMICAL  MODELLING  FOR  LITHOSPHERIC  UNROOTING. 

Anna  Maria  Marotta.  Manel  Fernandez  -  Inst,  of  Earth  Sciences  “J.AImera"  -CSIC  - 
Barcelona  -  SPAIN 

Inst’  of  Earth  Sciences  “J.AImera"  -  CSIC  -  Lluis  Sole'  i  Sabaris  -  08028  Barcelona 

E-mail:  amarotta@paleo.ija.cslc.es  -  Fax:  +  34  -  3  -  41 1  00  12 

Roberto  SabadinI  •  Universita'  di  Milano  -  Settore  Geofisica  -  Milano  -  ITALY 

Dep.  of  Earth  Sciences  ■  University  of  Milan  -  Sec.  Geophysics  -  Via  L.Cicognara  7. 

I-20129  Milano -ITALY 

Fax:  +  39  -2  -  749  05  88 

Although  lithospheric  collapse  is  called  by  several  authors  in  order  to  explain  some 
controversial  geological  situation,  like  the  abrupt  transition  from  compression  to 
extension  in  the  Tibetan  Plateau  and  the  post-collisional  thermal  metamorphism  in 
the  Betic  Arc.  the  physical  mechanism  Involved  in  the  process  is  not  well  known  yet. 
We  model  the  thermo-mechanical  evolution  of  the  lithosphere  during  its  shortening 
and  subsequent  thickening  by  a  2-D  numerical  finite  elements  model.  Our  model 
extends  2000km  in  width  and  700km  in  depth,  thus  the  coupling  between  lithosphere 
and  sub-lithospheric  mantle  is  also  taken  into  account  in  the  analysis.  Numerical 
experiments  show  that  the  viscous  forces  associated  with  lower  mantle  flow  enhance 
the  break-up  and  downwelling  of  cold  lithospheric  roots,  which  are  gravitationally 
unstable  and  created  as  a  result  of  the  lithospheric  shortening.  The  results  also 
show  that  a  considerable  variation  in  the  dynamic  topography  of  the  system  occurs 
after  lithospheric  collapse.  We  examine  the  superficial  stress  and  deformation  fields 
and  analyze  the  conditions  leading,  immediately  after  lithospheric  collapse,  to  local 
extension,  eventually  coeval  to  compression.  We  show  how  the  degree  of  superficial 
extension  mainly  depends  on  the  particular  boundary  conditions  applied  to  the 
system.  Finally,  we  show  some  conclusive  results  arising  from  the  application  of  the 
numerical  model. 


EXTENDED  THIN  SHEET  APPROXIMATION  (ETSA)  FOR 
GEODYNAMIC  APPLICATIONS.  EXAMPLES. 

S.  Medvedev  (1)  and  Y.  Y.  Podladchikov  (2) 

(1)  Hans  Ramberg  Tectonic  Laboratory,  Uppsala  University,  Sweden.  (2)  Ge- 
ologisches  Institut,  ETH-Zurich,  Switzerland, 
sergultra . geo . uu . as 

Thin  sheet  approximations  are  widely  used  in  geodynamical  modelling  as  they 
can  be  manipulated  by  simple  numerical  techniques.  However,  the  simplicity  of 
such  models  leads  to  strong  limitations  in  their  applications.  This  work  presents 
a  new  approach  to  reduce  these  restrictions.  The  main  goals  were  to  handle  all 
likely  boundary  conditions  and  rheology  profiles.  The  set  of  high  asymptotic 
order  depth  profiles  of  velocity  and  stresses  and  2D  integrated  equations  are 
derived  to  formulate  an  extended  thin  sheet  approximation  (ETS.X).  Most  pre¬ 
vious  approaches  can  be  derived  by  simplification  of  an  extended  system  under 
specified  boundary  conditions.  The  studies  about  the  applications  of  differ¬ 
ent  types  of  boundary  conditions  have  not  shown  any  strong  limitations.  2D 
testing  problems  for  two  layer  system  of  Newtonian  viscous  materials  demon¬ 
strate'  a  potential  of  the  ETSA.  The  linear  analysis  shows  good  agreement  in 
comparison  with  exact  analytical  solutions  within  a  wide  range  of  wavelengths 
for  modelling  of  Rayleigli-Taylor  instability  and  bending.  The  investigations  of 
these  problems  were  not  possible  on  the  basis  of  previous  generation  of  thin 
sheet  approaches.  The  presented  examples  illustrate  the  possible  applications 
of  ETS.\  to  numerical  and  analytical  investigations  of  deformations  in  the  sig¬ 
nificantly  layered  lithosphere. 


PREDOCTION  AND  MODELS  OF  MODERN  CRUCIAL 
MOVEMENTS  IN  THE  AREAS  OF  OBJECTS  OF 
NUCLEAR-FUEL  CYCLE 

V.N.  Morozov,  V.N.  Tatarinov  (Geophysical  Center,  Russian 
Academy  of  Sciences,  Molodezhnaya,  3,  Moscow,  117296,  Russia) 

It  is  well  known  that  the  deformations  features  of  geological  environment  can 
serve  as  precursors  of  seismic  events.  Complex  geophysical  and  geodetic 
monitoring  allows  us  to  estimate  speeds  and  directions  of  modem  geodinamic 
horizontal  movements,  to  connect  them  with  periods  of  preparation  of  possible 
seismic  events,  and  to  make  conclusions  about  conditions  of  geological 
environment  in  zones  of  abnormal  deformations  in  the  areas  where  ecologically 
dangerous  nuclear-fuel  cycle  objects  are  located. 

In  1995-96  three  series  of  GPS-observations  were  conducted  on  geodynamic 
sites  in  the  area  of  Kalinin  and  Voronezh  power  plant.  As  a  result  of  this  work, 
the  technique  of  GPS-observations  was  elaborated,  initial  coordinates  and  lengths 
of  basic  vectors  between  reference  points  were  obtained  and  preliminary  data  on 
features  of  modem  geodynamic  movements  in  the  areas  were  nuclear  power 
plants  are  located  were  received. 

The  data  were  correlated  with  data  obtained  by  regional  observation  stations 
located  on  the  East-European  platform,  thus  allowing  us  to  obtain  the  relative 
error  of  basic  vectors  length  definition  equal  - 1  .10*^. 


WAVELET  ANALYSIS  OF  BATHYMETRIC  PROFILES  FROM 
MID-ATLANTIC  RIDGE:  TECTONIC  IMPLICATIONS 

F.  Nicollin  (1).  O.  Dauteuil  (1)  and  J.  Angelier  (2) 

(1)  GUosciences  Rennes,  UPR-CNRS  4661.  Campus  Beaulieu,  35042  Rennes  Cedex, 
France;  (2)  Laboratoire  de  Tectonique  Quantitative,  URA-CNRS  1315,  UPMC,  4 
place  Jussieu,  75252  Paris  Cedex  05,  France,  nicollin@univ-rennesl.fr 

Bathymetric  profiles  of  the  FAMOUS  area  are  analysed  by  wavelet  transform  in  order 
to  characterise  the  shape  of  the  shoulder  hills.  This  numerical  method  allows  the 
wavelength  content  to  determine  and  its  evolution  as  a  function  of  the  distance  to 
follow.  The  analysis  is  applied  to  profiles  of  about  70  km  long  with  a  0. 1  km  sampling 
interval,  in  the  wavelength  range  from  1  to  20  km.  Three  different  segments  of  the  rift 
are  selected;  a  narrow  axial  valley,  a  wide  axial  valley,  and  an  axial  dome.  The  results 
of  the  wavelet  analysis  show  that  the  topography  is  dominated  by  a  wavelength  close 
to  10-12  km.  and  that  shorter  wavelengths  are  observed  in  restricted  places  (the  inner 
corners  of  the  segments  and  the  axial  valley).  The  distribution  of  secondary 
wavelengths  along  the  profiles  does  not  reveal  a  symmetric  structure  as  usually 
proposed  for  the  oceanic  rifts.  A  complementary  analysis,  based  on  the  computation  of 
the  topographic  slope,  allows  split  volcanoes,  stair  steps,  tilled  blocks  and  asymmetric 
horsts  to  identify.  We  conclude  that  the  bathymetry  pattern  results  from  tectonic 
processes  rather  than  from  volcanic  building.  Finally,  we  propose  a  structural  model 
where  two  independent  tectonic  processes  are  involved  in  the  genesis  of  the 
Mid-Atlantic  Ridge  shoulders. 


INVERSION  OF  THE  GEODYSSEA  94/96  (GPS)  DATA  FOR 
CRUSTAL  STRAIN  AND  FAULT  SLIP 

M.  Nyst  (1.2),  W.  Spakman  (1,3),  \V.  Simons  (1,2)  and  B.  Ambrosius  (1,2) 
(1)  Vening  Meinesz  Research  School  of  Geodynamics  (\'MSG).  PO  Box  80021, 
3-508  T.-\,  Utrecht.  (2)  Delft  Institute  for  Earth-Oriented  Space  Research 
(DEOS).  Delft  University  of  Technology,  Kluyverweg  1.  2629  HS.  Delft.  (3)  Fac¬ 
ulty  of  Earth  Sciences.  Utrecht  University,  PO  Box  80021,  3508  T.4,  Utrecht. 
We  apply  the  inverse  method  developed  by  Spakman  and  Nyst  (presented  at 
this  meeting)  to  the  GEODVSSE.\  (GEODYnamics  of  South  and  South  East 
.-ksia)  GPS  data  set.  which  consists  of  42  relative  displacement  vectors.  The 
method  solves  jointly  for  the  deformation  gradient  field  in  crustal  blocks  and 
slip  on  active  faults  bounding  the  crustal  blocks. 

Continuous  deformation  in  crustal  blocks  is  parameterized  by  linear  strain  in 
Delaunay  triangles.  Faults  are  parameterized  by  a  sequence  of  line  segments. 
The  4  components  of  the  deformation  gradient  tensor  at  each  triangle  vertex 
and  the  components  of  the  slip  vector  at  each  fault  segment  are  estimated  by 
the  inversion. 

The  resulting  model  fits  the  data  well:  a  variance  reduction  of  about  98  9':  is 
obtained  witli  an  on  average  good  parameter  resolution.  In  general  tlie  resulting 
slip  vectors  agree  with  direction  and  magnitude  of  observed  slip  rates.  Strain 
patterns  are  generally  more  difficult  to  evaluate  due  to  the  fact  that  imaged 
strain  can  still  relate  to  slip  on  uiimodelled  faults.  But.  the  derived  strain  field 
can  be  understood  in  the  framework  of  major  plate  tectonic  motions. 
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GEOLOGICAL  STRUCTURE  OF  THE  WESTERN  NANKAI  CONVERGENT 
PLATE  MARGIN  AS  REVEALED  BY  MULTI-CHANNEL  SEISMIC 
REFLECTION  DATA 

J.-O.  PARK,  H.  AMANO,  T.  TSURU,  Y.  KIDO,  Y.  KANEDA.  Y.  KONO 
(All  at:  Japan  Marine  Science  and  Technology  Center;  E-mail: 
jopark(S:jamstec.go.jp) 

The  Nankal  Trough  margin  is  a  very  important  field  to  evaluate  earthquake 
potentiality  of  convergent  plate  margin  in  that  large  earthquakes  have  periodically 
occurred.  We  have  carried  out  KR97-04  cruise  using  R/V  "KAIREI",  to  obtain  a 
high-resolution  seismic  crustal  structure  of  the  Nankai  Trough  margin  off 
southwestern  Japan  in  July,  1997.  During  the  cruise,  we  conducted  multi-channel 
seismic  (MCS)  reflection  and  OBS  refraction  experiments.  In  this  paper,  we  would 
like  to  present  some  MCS  data  of  the  western  Nankai  convergent  plate  margin  and 
discuss  Its  geological  implications.  We  identified  an  outstanding  seismic  reflector  with 
high  amplitude  in  the  landward  slope  of  the  Trough,  which  reaches  from  seafloor  to 
top  portion  of  subducting  Philippine  Sea  Plate  (PSP).  We  interpret  the  reflector  as  a 
possible  low-angle  seismic  thrust  fault  that  seems  to  be  associated  with  past  large 
earthquake  in  the  the  Nankai  Trough.  There  is  a  lateral  variation  of  the  oceanic  crustal 
geometry  of  the  PSP  along  the  Trough,  which  implies  oceanic  crustal  deformation 
related  to  evolution  of  the  Shikoku  Basin. 


MECHANICAL  HEATING  AND  FRACTURING  ON  DUCTILE 
SHEAR  ZONES  IN  ASIA 

K.  Regenauer-Lieb  (1),  K.Regenauer-Lieb  (1)  and  M.P.  Hochstein  (2) 

(1)  Institut  fur  Geowissenschaften,  Johannes  Gutenberg  Universitt,  D-55099 
Mainz,  Germany,  (2)  Geothermal  Institute,  University  of  Auckland,  Auckland, 
New  Zealand. 

k.regenauerCauckland.ac.nz/Fax:  [64]  9  3737415 

Plate  collision  and  the  phenomenon  of  intracrustal  deformation  in  Asia  with 
associated  mechanical  heating  and  fracturing  in  the  far  field  is  analysed  by 
compiling  maps  of  seismic  energy  flow  and  anomalous  heat  transfer  and  in¬ 
terpreting  these  maps  by  plastic  indentation  theory.  The  energy  flux  of  earth¬ 
quakes  is  much  lower  than  the  observed  anomalous  thermal  flux.  Broad  bands 
of  increased  seismic  activity  (  fracture  lines’)  can  be  seen  traversing  the  Asian 
Plate  but  apart  from  very  localized  anomalies  the  energy  transfer  is  consis¬ 
tently  below  the  range.  Conversely,  anoinalous  heat  transfer  in  about 

40  km  wide  lineaments  (  heat  lines’)  has  significant  values  of  20-35  mW/m-. 
The  thermal  energy  flux  has  a  maximum  in  the  east  Himalaya  while  the  seismic 
energy  flux  has  its  maximum  in  the  Western  Himalaya.  Fracture  lines  show  the 
current  deformation  regime  while  heat  lines  (due  to  a  time  delay  by  conduction) 
report  the  upper  Neogene  regime  of  the  ductile  crust.  An  important  transition 
from  lateral  escape  tectonics  in  the  Neogene  to  cutting  of  theAsian  plate  in  the 
Quaternary  explains  the  discrepancy  between  both  data  sets. 


VARIATIONS  OF  SEISMIC  ANISOTROPY  IN  EUROPEAN  MANTLE 

J.  Plomerovel,  V.  Babuaka  (2)  and  J.  VSaVedlenVfd  (1) 

(1)  Geophysical  Institute,  Czech  Academy 

of  Sciences.  Bo\'e8n\'ed  11,141  31  Praha4,  Czech  Republic: 
jplr^  ig.cas.cz 

(2)  UNESCO.  Div.  of  Earth  Sciences.  I,  rue  Miollis, 

75732  Paris.  France;  v.babuska(gunesco.org 

3-D  inferences  of  seismic  anisotropy  of  the  continental  mantle,  as  seen  by  both  body 
and  surface  waves,  broaden  our  knowledge  about  structure  and  development  of 
continents.  Complexity  of  directional  dependencies  of  anisotropic  characteristics  in 
various  p  rovinces  (e.g.  splitting  parameters  or  P-residual  spheres)  requires  often 
presence  of  a  multi-layer  source  of  anisotropy  with  symmetries  oriented  generally  in 
3-D.  i.e.  not  only  with  horizontal  or  vertical  sym  metry  axes,  to  account  for  the 
observed  anisotropy.  Di.stinct  spatial  variations  of  P-wave  velocities  and  lateral 
variations  of  the  particle  motion  of  split  shear  waves  are  observed,  e.g.,  around  the 
contact  zone  of  the  Saxothuringian  and  Moldanubian  in  ce  ntral  Europe.  The 
variations  reflect  lateral  changes  of  structure  and  anisotropy  within  the  deep 
lithosphere  and  asthenosphere.  A  joint  intetpretation  of  the  P-residual  spheres  and 
shear-wave  splitting  parameters  results  in  a  self-consistent  anisotropic  m  od  el  of  the 
lithosphere  w  ith  high  velocities  plunging  divergently  from  the  contact  of  both  tectonic 
units.  A  strong  contribution  to  the  observed  anisotropy  beneath  variscan  orogen, 
coming  from  the  asthenosphere.  was  detected  both  by  surface  and  body  waves.  On 
the  other  hand,  beneath  the  Baltic  shield,  the  anisotropy  seems  to  be  located 
predominantly  within  the  lithosphere  with  the  high  velocities  plunging  convergently 
in  tectonic  units  on  both  sides  of  the  Protogine  zone  in  southern  Sweden.  Joint 
interpreia  ti  ons  of  anisotropic  findings  from  different  types  of  seismic  waves  and 
frequency  ranges,  allow  us  to  favor  some  of  anisotropic  models  of  the 
lithosphere-asthenosphere  system  and  contributes  to  our  understanding  of  geodynamic 
processes  which  formed  the  cont  inenls  and  which  are  stjll  active. 


RECENT  STRESS  FIELD  OF  EASTERN  MEDITERRANEAN  ON 
THE  BASE  OF  SEISMOLOGICAL  DATA  ABOUT  EARTHQUAKE 
FOCAL  MECHANISMS 

Yuri  Rebetskv.  (UIPE  RAS,  Moscow,  Russia,  e-mail:  reb@uipe- 
ras.scgis.ru 

Stress  reconstruction  of  the  Eastern  Mediterranean  crust  was  executed  on 
the  base  of  the  “cataclastic  analysis”  method  of  fault  slip  data  sets.  Initial 
data  are  the  seismological  data  about  more  1120  earthquake  focal 
mechanisms  (EFM)  with  the  magnitude  Ms>4  that  took  place  from  1928 
to  1991.  The  main  procedure  of  the  method  is  the  creation  of  a 
homogeneous  sample  of  EFM.  The  main  principle  in  the  base  of  the 
program  algorithm  is  the  main  principle  of  the  plasticity  theory 
demanding  the  positive  dissipation  energy  for  true  stress  tensor.  These 
principle  and  graphical  algorithms  of  EFM  population  calculation  permit 
to  draw:  maps  of  principal  stress  axes  and  izollines  of  stress  state  type 
coefficient.  These  data  determine  deviation  parameteis  of  stress  tensor 
and  pennit  to  calculate  tlie  trajectories  of  maximum  and  minimum 
compression  stress  acting  in  the  horizontal  plane  and  trajectories  of 
underthrust  shear  stress  at  the  bottom  of  the  crust.  Additional 
assumptions  about  the  properties  of  the  stress  field  for  a  free  surface 
permitted  to  calculate  the  ratio  between  isotropic  pressure  and  maximum 
shear  stress.  On  the  base  of  these  parameters  areas  with  different  stress 
state-  regime  were  allocated. 


HEAT  GENERATION  ASSOCIATED  WITH  THE  COLLISION  OF 
TWO  PLATES: 

THE  HIMALAYAN  GEOTHERMAL  BELT 

K.  Regenauer-Lieb  (1),  K.Regenauer-Lieb  (1)  and  M.P.  Hochstein  (2) 

(1)  Institut  flit  Geowissenschaften,  Johannes  Gutenberg  Universitt,  D-.5.5099 
Mainz,  Germany,  (2)  Geothermal  Institute,  University  of  Auckland,  Auckland, 
New  Zealand. 

k.regenauarfiauckland.ac.nz/Fax:  [64]  9  3737415 

An  analysis  of  heat  discharged  along  the  c.  3000  km  long  Himalaya  Geother¬ 
mal  Belt  (HGB)  has  shown  that  anomalous  heat  transfer  is  concentrated  along 
30  -50  km  wide  heat  bands’  which  are  associated  with  at  least  600  geothermal 
systems.  .Neglecting  anomalous  conductive  losses  within  heat  bands  the  anoma¬ 
lous  heat  transfer  is  of  the  order  of  20  -  35  mW/m-  as  assessed  by  transfer  of 
geothermal  fluids  to  the  surface.  Computed  geotherms  indicate  that  partial 
melting  at  c.  30  to  50  km  depth  can  occur  within  the  heat  bands.  Heat  bands 
are  interpreted  in  the  mathematical  treatment  as  heat  lines'  which  are  equiva¬ 
lent  to  slip  lines  caused  by  plastic  deformation  of  the  ductile  crust.  Conversion 
of  the  mechanical  energy  of  the  collision  into  heat  raises  the  average  heat  flow- 
on  heat  lines,  locally  by  up  to  55  mW/m-  (normalized  on  a  40  km  wide  heat 
band).  This  is  sufficient  to  cause  granilization  without  additional  heat  input  by 
mantle  melts  and  explains  the  rate  of  heating  observed  in  geothermal  systems. 
The  asymmetry  of  heat  discharged  in  the  HGB  (heat  bands  in  the  eastern  Hi¬ 
malaya  transfer  about  2-3  times  more  heat  than  the  entire  western  Himalaya) 
can  also  be  explained  by  a  counterclockwise  rotational  penetration  of  the  Indian 
Plate  into  Asia. 


Results  of  studies  of  the  lithosphere  in  the  transition  zone  from  the 
Asian  continent  to  the  Pacific  ocean  by  the^system  of  geotraverses 


A.G.RODMKOV  (Geophysical  Center,  Russian  Academy  of  Sciences, 
Molodezhnaya^Jf  Moscow,  117296,  Russia) 


Research  was  carried  out  along  three  geoiraverse  of  the  lithosphere 
made  on  the  base  of  complex  interpretation  of  geological  and  geophysical 
data.  The  first  geotraverse  across  the  structures  of  the  Japan  Sea  was 
prepared  jointly  with  Japanese  scientists.  The  second  geotraverse  across 
the  Philippine  Sea  carried  out  jointly  with  Chinese  and  Japanese 
specialists.  The  third  geotraverse  being  under  preparation  now  runs  across 
the  Sea  of  Okhotsk.  Using  seismological,  geothermal  and  electromagnetic 
methods  the  asthenospheric  layer  is  distinguished  in  the  upper  mantle  of 
the  transitional  zone.  This  layer  is  more  ftilly  manifested  under  tectonical 
active  structures  such  as  interarc  troughs  and  deep  basins  of  marginal  seas. 
The  top  of  the  asthenosphere  varies  in  depth  from  30  km  under  Neogene 
basins  to  50-80  km  beneath  Paleogene  basins.  Under  interarc  basins  of  island 
arcs  the  anomalous  mantle  reaches  the  crust.  The  base  of  the  deep  basins 
comprises  rift  structures  associated  with  upwelling  of  the  asthenosphere 
causing  extension  stresses  in  the  lithosphere  and  magmatic  activity. 

The  following  relationship  has  been  elucidated:  upwelling  of  the  asthenos¬ 
phere  in  the  upper  mantle,  magma  chambers  in  the  crust;  rift  structures  on 
the  surface;  tholeiite  eruption  and  hydrothermal  activity  with  sulphide 
deposits. 
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SUBDUCTION  OF  A  MID-OCEAN  RIDGE  BENEATH  THE 
NORTHEAST  PACIFIC  MARGIN  OF  NORTH  AMERICA 

T.V.  Romanyuk  (1  &  2),  W.D.  Mooney  (2),  RJ.  Blakely  (2) 

(1)  IPE,  B. Gruzinskaya  10,  Moscow,  123810,  Russia, 
t.romanyuk@relconi.ru;  (2)  USGS,  345  Middlefield  Rd,  MS  989, 
Menlo  Park,  CA  94025,  USA 

The  Cenozoic  evolution  of  the  NE  Pacific  and  Western  North 
America  provides  an  example  of  the  interaction  of  a  ridge  with 
a  suduction  zone.  Three  linked  phenomena  were  important  at 
this  plate  boundary:  (1)  The  direction  of  mantle  flow  shifted  at 
65-60  Ma  from  nearly  perpendicular  to  nearly  parallel  to  the 
coast.  This  slowed  subduction,  promoted  the  activation  of  the 
passive  subducting  Kula-Farallon  ridge,  and  generated 
extensive  Eocene  basalts  along  the  Oregon  and  Washington 
coast.  (2)  Subduction  of  the  mid-ocean  ridge  beneath  present- 
day  Gulf  of  Calif.  45-40  Ma  broke  the  Farallon  slab  beneath  W. 
N.  Amer.  and  led  to  separation  of  the  Baja  Peninsula  from  the 
mainland.  (3)  Westward  drift  of  both  the  N.  Amer.  and  Pacific 
plates  relative  to  the  deep,  hot  root  of  the  mid-ocean  ridge 
helps  explain  several  tectonic  and  magmatic  phenomena, 
including  uplift  and  extension  of  the  Basin  and  Range 
province,  rifting  of  the  Great  Valley  of  Calif.,  and  volcanism  of 
the  Western  Cascades  magmatic  arc. 


POST-SEISMIC  DEFORMATION  IN  A  SPHERICAL  GEOME¬ 
TRY  WITH  SOME  APPLICATIONS  TO  REAL  EVENTS 
R.  Sabadini  (1),  LX. A.  Vermeersen  (2)  and  S.  Cesca  (3) 

(1)  Dipartimento  di  Scienze  della  Terra,  Sezione  Geofisica,  Via  L.  Cicognara 
7, 1-20129  Milano,  Italy,  (2)  Geodetic  Institute,  Stuttgart  University,  Geschw- 
Scholl-Strasse  24D,  D'70174  Stuttgart,  Germany,  (3)  Dipartimento  di  Scienze 
della  Terra,  Sezione  Geofisica,  Via  L.  Cicognara  7, 1-20129  Milano,  Italy. 
Co-seismic  and  post-seismic  deformation  following  large  earthquakes  is  modeled 
by  means  of  multilayered,  viscoelastic  Earth  models  based  on  PREM.  The 
novelty  of  our  approach  stands  on  the  usage  of  a  fully  analytical  scheme  based 
on  normal  mode  theory  that  allows  to  deal  with  some  of  the  complexities  of 
the  real  Earth,  such  as  lithospheric  and  mantle  layering,  sphericity  and  self- 
gravitation.  For  both  dip-slip  and  strike-slip  sources,  we  obtain  that  elastic 
layering  of  the  lithosphere  is  necessary  for  the  modelling  of  realistic  patterns  of 
post-seismic  deformation.  Sensitivity  analyses  are  performed  in  order  to  study 
the  impact  of  rigidity  and  density  layering  on  the  deformation  pattern  due  to 
different  sources,  The  viscosity  structure  of  the  mantle  has  a  major  influence 
on  post-seismic  deformation  in  the  far  field,  at  distances  from  the  epicenter  of 
the  order  of  100  km.  Our  method  is  applied  to  the  modelling  of  the  deforntation 
pattern  that  has  followed  real  seismic  events.  Our  findings  are  key  for  a  correct 
interpretation  of  VLBI,  GPS  and  SAR  data  in  seismogenic  regions. 


Geophysical  model  of  contracting  Earth  and  natural  processes. 

D.  Sadvkov.  K.  Mukashev,  E.  Bukreeva,  Abay  University,  Almaty,  Republic  of 
Kasakstan. 

The  geophysical  feamres  of  the  Earth  are  being  created  under  influence  of  the  forces, 
related  to  the  masses,  energy  impulses,  electromagnetic  and  nuclear  weak  and  strong 
interactions  of  the  bodies  in  the  Sun-Earth  system.  Calculations  show  that 
quasiperiodic  and  non-stationary  impulses  of  Sun  energy  can  induce  the  contraction 
of  the  Earth  as  much  as  3,2  cm  in  100  years,  so  in  4.5*  I O’  years  of  the  Earths  life 
its  radius  can  be  decreased  by  nearly  1600  km,  and  the  annual  deformation  along 
the  radius  can  reach  5*10’'*  .  The  difference  between  the  deformation  increase  and 
decrease  due  to  the  change  of  daily  Earth  rotation  can  change  deformation  by  6*10’* 
.Variation  of  the  Earth’s  electromagnetic  momentum,  related  to  the  redistribution  of 
the  electric  current  at  the  core-mantle  interface,  can  induce  the  deformation  gradient 
10*’  -10*^  and  the  various  alteration  of  the  inner  strata  radius.  To  summarize  briefly, 
the  geophysical  model  of  the  contractible  Earth  can  be  envisioned  as  consisting  of 
the  three  blocks.  The  Northern  and  Southern  parts  are  presented  the  spherical 
lenses,  formed  by  the  Earth  radius  at  the  points,  where  the  instant  axis  of  rotation 
crosses  the  Earth's  surface  at  the  North  and  South.  The  wedge-like  part  of  the  model 
is  situated  between  these  lenses.  Space-time  fluctuation  of  the  model  explains  the 
nature  of  the  earthquakes.  Chandler’s  pole  oscillations,  frequency  of  the  own  and 
forced  Earth  perturbations,  climate  and  ocean  level  variations,  etc. 


THE  SIGNIFICANCE  OF  DISSIPATIVE  HEATING  IN  DELAMI¬ 
NATION  AND  SUBDUCTION  PROCESSES 
B.  Schott  (1),  D.  A.  Yuen  (2)  and  H.  Schmeling  (1) 

(i)  Institut  fiir  Meteorologie  und  Geophysik,  Universitat  Frankfurt/Main, 
60433  Frankfurt/Main,  Germany,  (2)  Dept,  of  Geology  and  Geophysics  and 
Minnesota  Supercomputer  Institute,  University  of  Minnesota,  Minneapolis, 
Minnesota,  USA. 
b .  schottOem.  uni-f  rankf  iirt .  de 


The  phenomena  of  delamination  and  the  attendant  subduction  of  the  mantle 
lithosphere  are  important  in  understanding  convergent  tectonic  processes.  Vis¬ 
cous  heating  has  not  been  generally  appreciated  because  of  the  high  numerical 
resolution  required.  We  have  carried  out  simulations  focussing  on  the  effects 
of  shear  heating  in  the  continental  lithosphere,  driven  by  both  thermal  and 
compositional  buoyancy  forces.  The  dynamics  are  governed  by  the  conserva¬ 
tion  equations  of  mass,  momentum,  energy,  and  chemical  composition  in  a  two 
dimensional  cartesian  geometry,  and  are  solved  using  a  finite-difference  model. 
The  ductile  rheology  of  the  crust  and  the  mantle  is  combined  with  a  quasi 
brittle  rheology  to  an  effective  rheology.  Comparing  a  model  with  dissipation 
number  Di  0.3  to  a  model  with  Di  =  0  for  the  same  amount  of  material 
transport  clearly  shows  the  effect  of  the  dissipative  heating.  It  leads  to  excess 
temperatures  of  fa  400®C  in  the  subducting  lithospheric  root  during  the  delam- 
ination  phase.  We  conclude  that  viscous  dissipation  is  an  important  element  in 
studies  of  thermo-mechanical  processes  of  the  crust-lithosphere-mantle  system. 


LITHOSPHERIC  STRUCTURE  OF  THE  ALBORAN  BASIN  (W- 
MEDITERRANEAN):  RESULTS  FROM  3D  MODELING  OF 
GRAVITY,  HEAT  FLOW  AND  ELEVATION  DATA. 

M.  Tome  fP.  M.  Fernandez  (1),  M.C.  Comas  (2)  and  J.I.  Soto  (2) 

(1)  Institute  of  Earth  Sciences  (J.  Almera),  CSIC,  Sole  i  Sabaris^  s/n,  08028- 
Barcelona  (Spain).  emall:mtome@lja.csic.es 

(2)  Institute  Andaluz  de  Ciencias  de  la  Tierra.  CSIC-Universidad  de  Granada, 
Fuentenueva  s/n,  18002-Cranada  (Spain). 

The  Alboran  sea  basin  is  an  E-W  elongated  Neogene  extensional  basin  located  at  the 
westernmost  Mediterranean  at  the  Iberia-Africa  convergent  plate  boundary.  The  basin 
is  surrounded  to  the  North  and  South  by  the  Betic-Rifean  Cordillera  and  it  is  closed 
to  the  West  by  the  Gibraltar  arc.  whereas  to  the  East  it  opens  to  the  deep  waters  of 
the  South  Balearic  Basin.  Previous  geophysical  studies  show  that  the  maximum 
crustal  thickness  in  the  region  is  located  beneath  the  Central  Betics  (up  to  38  km) 
with  a  rapid  attenuation  towards  the  coast,  where  the  crust  is  22-23  km  thick. 
However,  in  the  center  of  the  basin,  the  Moho  topography  is  not  well  imaged. 
Recent  heat  flow  measurements  suggest  that  the  lithosphere  thins  towards  the  center 
and  east  of  the  basin  where  values  up  to  115  mWm’*  were  reached.  To  derive  the 
crustal  and  lithospheric  structure  of  the  basin  and  its  margins  we  have  performed  a 
3D  gravity  model  constrained  by  heat-flow  and  elevation  data.  The  obtained  depth  to 
the  Moho  shows  a  crustal  thinning  from  the  Betics  and  Rif  (34-36  km)  towards  the 
center  (18  km)  and  east  (10  km)  of  the  Alboran  basin.  The  lithospheric  thickness 
varies  from  140  km  in  the  Gibraltar  arc  to  less  than  50  km  in  the  east  Alboran 
basin.  The  lateral  variations  of  crustal  and  lithospheric  thickness  obtained  from  our 
3D  model  show  different  patterns,  indicating  that  this  plate  boundary  underwent  a 
complex  deformation  during  the  Tertiary. 


3-D  THERMAL  MODELING  OF  THE  SOUTHERN  CALIFOR¬ 
NIAN  UPPER  MANTLE:  THE  TECTONIC  HISTORY  OF  MI¬ 
CROPLATES 

J.W.  van  Wijk  and  R.  Covers 

Vening  Meinesz  Research  School  of  Geodynamics,  Faculty  of  Earth  Sciences. 
Utrecht  University,  PO  Box  80021,  3508  T.A  Utrecht,  The  Netherlands. 
Offshore  the  coast  of  southern  California,  remnants  of  the  Monterey  and  .Ar- 
■guello  microplates  are  preserved.  Various  scenarios  have  been  suggested  in  the 
past  for  the  tectonic  evolution  of  these  microplates  during  the  Miocene.  We  try 
to  discriminate  between  two  end-members  of  these  scenarios,  using  numerical 
simulations  to  predict  the  3-D  temperature  structure  of  the  upper  mantle. 
The  scenarios  have  different  implications  for  the  behaviour  of  a  ridge  that  ap¬ 
proaches  a  trench.  In  the  first  scenario,  the  microplates  subduct  almost  totally, 
whereas  subduction  of  microplates  is  absent  in  the  second  scenario,  leading  to 
the  opening  of  a  shallow  window  in  the  slab  at  about  20  Ma. 

Comparing  our  synthetic  models  to  heat  flow  data,  we  find  that  both  scenarios 
fit  the  surface  heat  flow  values  very  well.  .Also,  our  results  are  consistent  with 
large-scale  features  in  tomographic  images.  Local  deviations  from  hear  flow 
data  and  tomographic  results  are  ascribed  to  posi-Miocene  tectonic  events  not 
included  in  the  modeling.  .After  20  m.y.  of  model  evolution,  there  are  still 
some  small  thermal  differences  between  the  upper  mantles  of  the  two  scenarios. 
However,  these  differences  are  too  small  to  discriminate  between  the  models 
based  on  the  currently  available  tomographic  results. 
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The  Importance  of  Thermal-Mechanical  Coupling  in  Necking  Process  of  an 
Elasto-Viscoplaslic  Lithosphere 

Klaus  Regenauer-Lieb,  Inst.  f.  Geowissenschaften,  Univ.  Mainz,  Germany  and  Dept, 
of  Geology,  Univ.  Auckland,  Auckland,  New  Zealand 

David  A.  Yuen.  Dept,  of  Geology  and  Geophysics  and  Minnesota  Supercomputer 
Institute,  Univ.  Minnesota,  Minneapolis,  MN  55415-1227,  U.S.A. 

Necking  of  the  lithosphere  undoubtedly  involves  complex  nonlinear 
thermal-mechanical  feedback  mechanisms ,  especially  in  view  of  an  elasto-viscoplastic 
rheology,  which  offers  many  opportunities  for  thermal  instabilities  and  bifurcations  to 
develop.  Yet  these  aspects  have  been  largely  ignored  in  previous  modelling  of  lithos¬ 
pheric  processes.  We  have  included  both  a  temperature-dependent  non-Newtonian 
viscoelastic  rheology  and  a  temperature-dependent  viscoelastic-plastic  rheology  in  a 
self-consistent  study  of  lithospheric  necking  processes  in  continents.  Upon  extension, 
localized  deformation  takes  place  by  mechanical  heating  triggered  by  the  rapid  energy 
transfer  of  the  initially  stored  elastic  energy  associated  with  the  tectonics.  For 
rheological  parameters  characteristic  of  the  lithosphere,  this  process  can  occur  within 
10**5  years.  We  apply  this  model  to  the  young  back-arc  spreading  in  the  New 
Zealand-Kermadec-Tonga  subduction  system. 


SE6  Post-glacial  rebound  and  its  influence  on  sea 
level,  crustal  deformation  and  gravity:  new 
observations,  modelling  results  and  initiatives 

Convener:  Mitrovica,  J.X. 

Co-Convener:  Vermeersen,  L.L. 


Glacial  Isostatic  Adjustment  From  Space  Geodesy 

Donald  F.  Argust,  W.  Richard  Peltier^,  Michael  M.  Watkins',  and  Michael  B. 

Heflin' 

'Jet  Propulsion  Lab,  California  Institute  of  Technology,  Pasadena,  CA  91109, 
818-3^3380,  argus@tecton.jpl.nasa.gov 
^Univ.  of  Toronto,  Ontario,  Caitada  MSS  1A7 

VLBI,  SLR,  and  GPS  measurements  from  1976  to  1997  are  providing  ittfor- 
mation  about  glacial  isostatic  adjustment,  including: 

(1)  Onsala  (Sweden)  and  Algonquin  Park  (Ontario)  are  rising  at  2.5 
mm/yr,  reflecting  rebound  in  response  to  the  disappearance  of, 
respectively,  the  Ice-age  Laurentide  and  Fennoscandian  ice  sheets; 

(2)  Haystack  (Massachusetts)  is  neither  rising  nor  falling  and  Greenbelt 
(Maryland)  is  falling  at  1  mm/yr,  indicating  that  the  lithospheric  fore- 
bulge  around  the  Laiuendde  ice  sheet  is  hardly  collapsing  at  all;  and 

(3)  Onsala  and  Algonquin  Park  are  moving  away  from  the  ice  sheet  cen¬ 
ters  at  1  mm/yr,  but  the  horizontal  motion  generated  by  glacial  iso¬ 
static  adjustment  is  minuscule  at  all  other  geodetic  sites  on  the  North 
American  and  Eurasian  plates. 

Model  ICE4G-VM1  [Peltier,  1994]  predicts  observations  (1)  and  (3)  but  dis¬ 
agrees  with  observation  (2).  Model  ICE4G*-VM2  [Peltier,  1996]  ptedicts 
observations  (1)  and  (2)  but  disagrees  with  observation  (3).  The  three  obser¬ 
vations  together  point  toward  a  model  with  the  ICE4G*  ice  history,  the  VM2 
mantle  viscosity,  and  an  elastic  lithosphere  thicker  than  the  120  km  assumed 
in  Peltier  [1996].  We  will  construct  models  exploring  different  parameters. 


CRUSTAL  DEFORMATIONS  RELATED  TO  POST-GLACIAL 
REBOUND  AND  SEA  LEVEL  CHANGES  IN  THE  VARNA  BAY 
(NE  BULGARIA) 

Dora  Anguelova,  Margarita  Matova 

Geological  Institute,  BAS,  Sofia  1113,  Bulgaruia 

e-mail:  doraang@geology.acad.bg;  matova®  geology.acad.  bg 

The  post-glacial  rebound  and  the  contemporary  history  of  the  devel¬ 
opment  of  the  Varna  Bay  is  a  subject  of  the  investigation.  The  tec¬ 
tonics  processes,  the  eustatic  changes,  the  disastrous  manifestations 
as  result  of  a  seismicity,  gravity,  sediment  accumulation,  erosion, 
abrasion  are  of  a  great  importance  for  the  recent  characteristics  of 
the  studied  territory.  The  influence  of  the  anthropogenic  activity  also 
is  taken  in  account. 

The  Varna  Bay  has  a  great  importance  for  the  politic, 
economical  and  cultural  development  of  the  country.  The  geological 
study  of  the  territory  could  be  used  in  the  next  geoenvironmental 
works. 


30  VISCOSITY  VARIATIONS  AND  POST-GLACIAL  REBOUND 
E.Boretti  (1),  C.Giunchi  (1,2)  and  R.Sabadini  (1) 

(1)  Dip.  di  Scienze  della  Terra,  Sezione  Geoflsica,  20129  Milano,  Italy,  (2)  ENS 
Lyon,  69007  Lyon,  France. 

Post-glacial  rebound  effects  on  horizontal  and  vertical  deformation  rates  are 
commonly  studied  under  the  assumption  of  a  spherical  simmetry.  It  has  been 
established  as  well  that  lateral  variations  of  the  properties  of  the  lithosphere 
and  mantle  can  produce  detectable  effects  on  the  deformation,  especially  in  the 
proximity  of  the  border  of  the  glacial  load.  Previous  studies  usually  approach 
this  problem  combining  radial  and  longitudinal  variations;  in  this  work  we  show 
some  results  of  a  fully  3D  finite  element  model  with  a  flat  geometry.  We  study 
simple  geometric  configurations  in  order  to  establish  how  the  response  to  the 
glacial  rebound  is  affected  by  the  presence  of  sharp  variations  of  the  thickness 
of  the  lithosphere.  In  a  regional  scale,  like  the  Fennoscandian  shield  region,  our 
results  can  be  useful  to  estimate  the  second-order  effects  of  the  3D  variations' 
in  relation  to  the  results  of  lateral  uniform  models. 
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DETERMINATIONS  OF  MANTLE  VISCOSITY  AND  ICE  HIS¬ 
TORY  MODEL  PARAMETERS  FROM  PROJECT  BIFROST  GPS 
DATA 

J  L  Davis  (1),  J  M  Johansson  (2),  J  X  Mitrovica  (3),  G  Milne  (3)  and  H-G 
Scherneck  (2) 

(1)  Harvard-Smithsonian  Center  for  Astrophysics,.  60  Garden  Street,  Cam¬ 
bridge,  Massachusetts  02138,  USA,  (2)  Chalmers  University  of  Technology, 
Onsala  Space  Observatory,  S-439  92  Onsala,  (3)  Department  of  Physics,  Uni¬ 
versity  of  Toronto,  60  St,  George  St.,  Toronto,  Ontario,  Canada  MSS  1A7. 
jdaviaecfa.harvard.edu/Fax:  617-49-5-7345 

Project  BIFROST  (Baseline  Inferences  for  Fennoscandian  Rebound  Observa¬ 
tions,  Sea-Level,  and  Tectonics)  has  been  acquiring  Global  Positioning  System 
'(GPS)  data  since  August,  1993.  The  formal  uncertainties  in  determinations  of 
crustal  deformation  rates  are  approximately  1-2  mm/yr  for  the  vertical  compo¬ 
nent  of  velocity  and  about  a  factor  of  3  smaller  for  the  horizontal  components. 
These  data  give  us  an  unprecedented  picture,  independent  from  sea-level  data, 
of  the  present-day  three-dimensional  regional  crustal  motions  associated  with 
glacial  isostatic  adjustment.  Preliminary  inversions  of  vertical  rates  for  the 
mantle  viscosity  profile  indicate  a  significantly  weak  upper-mantle  viscosity, 
but  the  post-fit  residuals  are  systematic  and  are  probably  our  first  indication 
of  ice  model  errors.  We  will  describe  the  BIFROST  GPS  network  and  present 
the  determinations  of  crustal  velocity.  We  will  describe  our  inversions,  and  dis¬ 
cuss  the  infiuence  of  ice  model  errors.  We  will  then  present  our  preliminary 
investigation  into  updated  ice/viscosity  models. 


MULTI-LAYER  ANALYTICAL  EARTH  MODELS  OF  SEA  LEVEL 
CHANGES  INDUCED  BY  PRESENT-DAY  GLACIAL  INSTABIL¬ 
ITY  AND  POST-GLACIAL  REBOUND 

G.  Di  Donato  (1),  L.  L.  A.  Vermeersen  (2)  and  R.  Sabadini  (3) 

(1)  Dipartimento  di  Scienze  della  Terra,  Sezione  Geofisica,  Via  L.  Cicognara 
7, 1-20I29  Milano,  Italy,  (2)  Geodetic  Institute,  Stuttgart  University,  Geschw- 
Scholl-Strasse  24D,  D-70174  Stuttgart,  Germany,  (3)  Dipartimento  di  Scienze 
della  Terra,  Sezione  Geofisica,  Via  L.  Cicognara  7, 1-20129  Milano,  Italy. 

A  newly  developed  analytical  model  for  dealing  with  a  general  radially  strat¬ 
ified,  self-gravitating,  incompressible  viscoelastic  Maxwell  Earth  model  is  pre¬ 
sented  for  evaluating  the  global  changes  in  sea  level  due  to  Pleistocene  deglacia¬ 
tion  and  present-day  instabilities  in  Antarctica  and  Greenland.  We  compare  sea 
level  predictions  obtained  by  means  of  a  variety  of  models  carrying  a  different 
number  of  layers  in  the  lithosphere  and  mantle.  We  show  the  impact  of  den¬ 
sity  and  viscosity  stratification  on  sea-level  changes  induced  by  Pleistocene 
deglaciation  both  in  the  near  and  far  field  of  deglaciated  areas.  The  models 
on  present-day  instabilities  in  Antarctica  and  Greenland  are  based  on  elasti¬ 
cally  stratified  earth  models.  The  perturbation  in  the  geoid  and  the  dynamic 
topography  due  to  meltwater  redistribution  ate  also  considered  separately  from 
sea-level  changes,  in  order  to  obtain  a  deeper  insight  into  the  physics  of  the 
process. 


THE  POST-GLACIAL  SHORELINE  DISPLACEMENT  ON 
SVALBARD  INDICATES  A  HIGH  VISCOSITY  MANTLE. 

W.  Fjeldskaar, 

RF-Rogaland  Research,  Stavanger,  Norway,  wf@rf.no 

The  deglaciation  of  the  last  ice  age  on  Svalbard  is  relatively  well 
established  by  observations  of  radiocarbon-dated  marginal  moraines. 
Post-glacial  shoreline  displacement  curves  are  constructed  for  various 
locations  over  the  area;  of  which  1 1  are  used  here.  The  theoretical  sea 
level  changes  are  calculated  with  an  earth  model  with  layered 
viscosity,  overlain  by  an  elastic  lithosphere  of  constant  thickness.  The 
modelling  is  done  with  two  different  mantle  rheology  models,  1)  a  low 
viscosity  asthenosphere  and  2)  a  uniform  mantle  viscosity.  The  first 
model  has  the  same  rheology  that  gave  the  best  fit  with  the 
observations  in  Fennoscandia,  a  75  km  asthenosphere  of  viscosity  1.3 
X  10'^  Pa  s  overlying  a  mantle  of  viscosity  lO^'  Pa  s.  The  second 
model  has  a  uniform  mantle  of  viscosity  lO^*  Pa  s.  The  low  viscosity 
asthenosphere  model  will,  of  course,  give  a  faster  post-glacial  uplift 
than  the  uniform  model.  The  observed  sea  level  changes  show  that 
there  has  been  a  slow  uplift  in  the  area,  indicating  a  high  mantle 
viscosity.  In  contrast  to  Fennoscandia,  the  uniform  model  gives  the 
best  fit  to  the  sea  level  data. 


THE  I.SO.STATIC  MODEL  A.ND  DEEP  STULCTURE  <)E  ANTARCTICA 
OruiAinsky  A.  N.*,  Korynkiii  li.  D  **,  Srroev  F.  A.** 

*O.Ju.Schmidt  Joint  Insiiiiuic  orPhysics  of  the  Earth.  Russian  Academy  of  Science, 
Moscow,  Russia; 

•*  P.K.Shiernbcrg  Siuic  Astronomical  Jnsiilutc.  Moscow  State  University,  Moscow, 
Rumsta. 

The  nvo  isostaiic  models  of  Aiit«u-ctica.  which  differ  by  the  mechanism  of 
compensation  oficc  load,  are  represented. 

The  first  model  assumes  fiill  local  compensation  of  total  load  by  Airj'  scheme.  The 
level  of  compensation  i.s  the  Moho  surface, 

Tlie  second  one  based  on  the  general  ideas  about  evolution  of  the  ancient  platform  In 
the  situation  of  the  beginnings  and  development  of  glaciation.  In  this  case  the  pan  of 
load,  connected  witli  the  relief  of  tlic  glacier  bed,  is  compensated  locally,  and  the  ice 
load  is  compaisated  regionally. 

1‘or  the  constructing  of  both  models  sci.smtc  data  (DSS  profiles)  for  Antarctica  was 
used. 

'ITiO  methodical  base  of  the  work  is  spectral  statistical  analysis. 

■Jlie  heiglus  of  the  glacier  bed  and  the  fiLirlkcc  of  the  glacier  data  was  collected.  The 
corresponding  maps  in  figures  was  produced.  On  the  base  of  the  isostatic  modelling 
the  estimation  of  the  Moho  depth  was  made.  The  difference  between  the  Molio 
deptiis,  obtained  in  this  work,  and  early  published  ones  are  about  5  •  7  km.  The  map 
of  isosiatic  gravity  anomalies  was  constracted. 

The  global  component  of  the  anomalous  gravity  field,  which  caused  by  the  density 
Inhomogcnlcties  in  the  mantle  on  the  cfiective  depths  900  km  was  obtained.  The 
maps  of  tile  global  and  local  components  of  the  anomalous  gravity  fields  was 
consbucted, 


“  INSTABILITY  OF  COMPRESSIBLE  VISCOELASTIC  MODELS 

L.  Hanyk  (1),  C.  Matyska  (1)  and  D.A.  Yuen  (2) 

(1)  Department  of  Geophysics,  Charles  University,  Czech  Republic, 

(2)  Department  of  Geology,  University  of  Minnesota,  U.S.A. 
Ladislav.Hanyk'^mff.cuni.cz/Fax:  4-420-2-21912555 

It  is  usually  assumed  that  the  Maxwell  viscoelastic  response  of  Earth  models 
to  surface  loads  with  the  Heaviside  time  dependence  reaches  an  isostatic  equi¬ 
librium  after  a  sufficiently  long  time.  It  was  analytically  shown  that  it  is  valid 
for  a  homogeneous  incompressible  sphere.  It  seems  to  be  not  commonly  known 
that  it  can  be  analytically  shown  that  it  is  not  valid  for  a  homogeneous  com¬ 
pressible  sphere.  VVe  present  the  full  spectrum  of  such  a  model,  computed  both 
from  the  initial-value  approach  and  from  the  analytical  solutions;  correspond¬ 
ing  unstable  response  is  rising  at  the  time  scale  of  0(10^ yr).  This  feature  of 
instability  is  kept  by  any  compressible  spherical  layer  with  constant  parameter- 
s,  and  also  by  models  built  up  from  such  layers;  thus,  the  isostatic  equilibrium 
state  cannot  be  reached  by  a  viscoelastic  response  for  layered  compressible 
models.  The  compressible  fluid  in  the  isostatic  equilibrium  can  be  stable  if 
density  distribution  satisfies  the  Adams- VVilHamson  equation.  The  response  of 
the  compressible  sphere  with  such  density  distribution  is  numerically  shown  to 
be  perfectly  stable.  Conclusion:  viscoelastic  responses  of  compressible  models 
to  surface  loads  are  stable  only  when  the  density  models  themselves  are  stable. 
Simplified  models  with  few  homogeneous  layers  are  inadequate  in  viscoelastic 
modelling  with  finite  bulk  modulus. 
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Global-scale  models  of  isostatic  response  to  ice-sheet  retreat  fail  to  account  for  the 
relative  sea-level  curve  observed  in  the  northern  Gulf  of  Maine.  Radiocarbon-dated  in 
situ  sea-level  indicators  record  a  more  complex  and  geologically  interesting  local 
response.  Deglacial  highstand  occurred  I3.S  ka  at  70  m  near  the  present  Maine  coast, 
relative  lowsiand  at  10.8  ka  near  -55  m,  rapid  rise  to  a  stillstand  near  -20  m  from  10-8 
ka.  followed  by  rapid  rise,  slowing  toward  the  present.  The  1 1-8  ka  record  has  been 
interpreted  as  passage  of  a  small  lateral-scale  marginal  bulge  with  amplitude  up  to  25 
m.  Similar  responses  are  observed  in  sea-level  records  of  the  Scotian  Shelf  and  St. 
Lawrence  Estuary,  and  in  lake-tilt  records  in  central  Maine,  interpreted  as  progressive 
passage  to  the  north  and  decay  of  a  marginal  bulge.  Published  numerical  models  fail 
to  account  for  this  short-term  and  small-scale  response.  These  models  routinely 
assume  clastic  lithosphere  deformation  and  viscous  mantle  deformation,  that  move  the 
forebulge  farther  south.  We  improved  the  fit  by  assuming  an  elastic-viscoplastic 
lithosphere  on  a  viscous  mantle.  We  fitted  a  numerical  solution  to  an  analytical 
solution  for  steady-state  deformation  beyond  an  ice  sheet  treated  as  a  slab  of  constant 
thickness.  Then  we  obtained  a  numerical  solution  for  the  actual  distributed  load  of  the 
Laurentide  Ice  Sheet  in  the  Gulf  of  Maine  at  the  last  glacial  maximum,  as  determined 
from  geologic  data.  Finally,  we  obtained  a  numerical  time-dependent  solution  for 
changing  distributed  ice  and  water  loads  during  and  after  deglaciation.  Material 
constants  for  the  lithosphere  and  mantle  were  adjusted  to  give  the  best  theoretical  fit  to 
the  field  data. 
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The  effect  on  present  observable  parameters  of  a  Tibetan  Plateau  glaciation 
corresponding  to  the  Late  Pleistocene  glacial  maximum  at  about  21,000  yr 
B.P.  has  been  investigated.  Different  ice  models  have  been  published  for  the 
region  and  both  minimalistic  and  maximalistic  models  are  considered.  These 
bounds  permit  the  prediction  of  implications  arising  from  the  disintegration  of 
an  ice  sheet  on  present  uplift  rates  and  gravity  anomalies.  The  large  ice  sheet 
models  can  contribute  up  to  7  mra/yr  of  present  vertical  uplift  and  2  mm/yr  of 
horizontal  extension,  with  the  former  value  able  to  explain  more  than  50  percent 
of  the  observed  uplift  in  central  Tibet.  The  peak  free-air  gravity  anomaly  arising 
from  the  deglaciation  would  be  around  -5.4  mGal.  In  contrast,  the  smaller  ice 
sheet  models  do  not  contribute  significantly  to  the  signals  of  present  uplift  and 
gravity  anomalies.  Modern  geodetic  measurements  therefore  have  the  potential 
to  constrmn  the  Late  Pleistocene  glaciation  of  the  Tibetan  Plateau.  Assuming 
a  large  ice  sheet  over  the  Tibetan  Plateau  the  disintegration  can  contribute  up 
to  6  m  of  eustatic  sea-level  rise. 
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Rebound  models  are  usually  based  on  geological  indicators  of  sea  level  chanp. 
The  disadvantage  is  that  the  observations  ate  of  relatively  low  accuracy  and  in¬ 
homogeneous  in  nature.  Advantage  of  mareogtaph  records  is  that  the  estimates 
of  present  sea  level  change  are  of  a  relatively  high  precision  and  homogenous. 
Their  drawback  is  that  the  record  is  short  and  that  other  signals  may  dominate 
the  record.  In  the  case  of  Scandinavia  the  mareograph  and  lake  level  records 
are  potentially  important  for  several  reasons,  including  the  good  coherence  of 
long-period  signals  in  the  sea  levels  of  the  Baltic  Sea.  A  comparison  of  a  recent 
analysis  of  the  mareograph  and  lake  data  with  rebound  models  constrained  by 
geological  data  confirms  that  the  two  data  types  yield  consistent  information 
on  mantle  rheology  and  ice-model  parameters.  It  also  leads  to  an  estimate  of 
present-day  eustatic  sea-level  change. 
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Observations  of  the  Northern  and  Southern  Patagonian  icefields  m  the  southern¬ 
most  Andean  Cordillera  indicate  that  between  140  -  380  km’  of  continental  ice 
has  been  lost  by  mass  wasting  during  the  years  1944  -  1985.  A  number  of  less- 
quantitative  observations  strongly  suggest  fiiat  such  a  pattern  of  deterioration  be¬ 
gan  between  AD  1850  and  1900.  Glacial  moraine  deposits  suggest  3  additional 
episodes  of  regional  glacial  advancement  during  the  mid  to  late-Holocene.  We 
construct  a  late-Pleistocene  and  Holocene  glacial  load  history  and  demonstrate  the 
sensitivity  of  any  geodetic  measurement  of  present-day  crustal  uplift  to  the  Little 
Ice  Age  and  its  timing  and  total  mass  change.  If  the  viscosity  of  the  mantle  is 
one  order  of  magnirnde  smaller  than  that  characterizing  Fennoscandia,  then  the 
uplift  adjacent  to  the  Southern  Patagonian  icefield  is  predicted  to  be  on  the  order 
of  1  -  1.5  cm  /  yr.  Geologically  recent  (0  -  12  Ma)  northward  migration  of  the 
Chile  Triple  Junction,  and  the  slab  window  left  in  the  wake  of  that  migration, 
might  be  cause  for  such  an  a  priori  lower  estimate  of  mantle  viscosity.  Neoglaci¬ 
ation  of  Patagonia  during  Europe’s  “Dark  Ages”  (circa  AD  400  -  1000)  might 
also  contribute  an  additional  10-30  %  to  the  predicted  uplift  signal.  The  obser¬ 
vations  of  Masuma  Aniya  and  colleagues  pertaining  to  the  20th  Century  rate  of 
glacial  demise  are  cmcial  to  the  modei.  These  rates,  extrapolated  back  into  the 
mid  to  late  19lh  Century,  are  the  primary  source  for  the  prediction  of  rapid  cra- 
stal  deformation  at  the  present-day. 
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Southwestern  British  Columbia  and  northwestern  Washington  State  are 
tectonically  complex  regions  that  include  the  northern  portions  of  the  Cascadia 
subduction  zone,  which  features  subduction  of  relatively  young  (=6  Ma)  oceanic 
crust,  a  low  heat  flow  forearc  and  high  heat  flow  volcanic  arc.  Prior  postglacial 
rebound  models  assume  that  a  rheological  structure  (lithospheric  thickness,  mantle 
viscosity  profile)  suitable  for  explaining  relative  sea  level  variations  observed  on 
the  stable  Archean  craton  of  eastern  North  America  is  also  appropriate  to 
Cascadia.  Available  relative  sea  level  observations  from  this  area,  however, 
exhibit  extremely  rapid  uplift,  with  a  response  time  perhaps  of  the  order  of  500 
years,  implying  a  mantle  viscosity  substantially  lower  than  the  nominal  value  of 
10’‘  Pa-s  frequently  inferred  for  the  upper  mantle  of  eastern  North  America.  A 
first-order  refinement  of  a  global  model  previously  applied  to  this  area  reveals  the 
need  for  an  improved  representation  of  the  ice  sheet  in  this  area  and  a  mantle 
viscosity  of  lO”  Pa-s  or  smaller.  More  detailed  reconstructions,  when  applied  to 
observed  tilting  of  features  related  to  proglacial  lakes  in  the  Puget  Sound  area, 
indicates  substantial  tradeoffs  between  mantle  viscosity  and  lithospheric 
thickness,  although  lithospheric  thicknesses  of  only  a  few  lO’s  of  km  and  mantle 
viscosities  <  10“  Pa  s  seem  to  be  a  robust  outcome  of  this  snidy.  Incorporation 
of  lateral  Earth  structure  in  future  modelling  efforts  would  help  refine  these 
results. 
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We  investigate  the  effect  on  present-day  observables  of  glacial  isostatic  adjust¬ 
ment.  We  as.sume  that  the  asthenospheric  viscosity  is  varying  in  the  iateral 
direction,  thus,  we  model  a  simplified  scenario  of  a  continental  margin  with 
viscosities  in  the  uppermost  mantie  becoming  stiller  towards  the  interior  of  the 
continent.  Our  results  indicate  that  a  variety  of  geodetic  signatures  reiated  to 
the  glacial  isostatic  adjustment  process  are  capabie  to  resolve  the  proposed  lat¬ 
eral  structure  within  the  observationai  uncertmnties.  In  particular,  relative  sea- 
level  changes,  present-day  velocities  and  gravity  anomalies  from  the  marginal 
area.s  of  the  formerly  glaciated  regions  have  the  potential  to  distinguish  between 
different  rheoiogies.  The  application  of  our  modeiing  to  the  deglaciation  of  the 
Barents  Sea  shows  for  the  first  time  that  a  realistic  space-time  history  of  the 
Late  Pleistocene  glacial  cycle  can  provide  information  on  the  lateral  structure 
of  the  uppermost  mantle. 


A  temporal  relationship  between  orogenesis,  large  scale  cmstal  fluid  migration, 
doloinitization,  and  MVT  mineralization  has  been  inferred  from  geochemistry,  pa- 
leomagnetism  and  isotopic  dating  in  several  erogenic  belts  and  adjacent  basins 
throughout  the  world.  The  relationship  is  tested  here  by  paleomagnetic  analysis  of 
carbonates  containing  MVT  mineralization  from  four  locations  (Villemagne, 
Treves,  Gatuzieres  and  Le  Bleymard)  in  the  Cevennes  region  of  southern  France. 
Tlie  area  has  a  comple.x  tectonic  history,  having  been  subjected  to  both  Hercynian 
and  Pyrenneen  deformation,  AF  and  thermal  demagnetization  isolated  a  northerly, 
steep  downward  remanent  remagnetization  that,  after  partial  untilting  for  north- 
south  Eocene  compression,  falls  close  to  the  expected  Eocene  direction  for  western 
Europe,  coeval  to  orogenesis  in  the  area.  Although  the  relationship  between  reinag- 
netization  and  mineralization  is  not  perfectly  deinonstrated.  these  data  suggest  that 
all  or  some  of  the  MVT  mineralization  in  this  region  is  of  Eocene  age  and  con¬ 
forms  to  the  general  model  for  cmstal  fluid  migration  controlled  by  orogenesis. 


C53 


RECENT  ADVANCES  IN  MODELLING  POSTGLACIAL  SEA- 
LEVEL  VARIATIONS 

G  A  Milne.  (Department  of  Physics,  University  of  Toronto,  60  Saint  George 
Street,  Toronto,  Ontario,  MSS  1A7,  Canada.) 

The  sea-level  equation  first  described  by  Farrell  and  Clark  [Geophys.  J.  astro. 
Soc,  1976]  governs  the  redistribution  of  surface  water  in  response  to  ice  mass 
fluctuations  on  a  viscoelastic  planet.  The  theory,  applied  to  the  melting  of 
the  Late  Pleistocene  ice  complexes,  successfully  predicts  a  number  of  features 
that  are  evident  in  the  global  sea-level  record.  Regardless  of  this  success, 
however,  a  number  of  recent  articles  have  addressed  two  assumptions  explicit 
in  the  original  sea-level  theory:  the  continent  function  defining  the  geographic 
boundary  of  the  ocean  load  was  assumed  to  be  time  independent  and  the 
influence  of  Earth  rotation  was  neglected.  These  studies  have  shown  that  the 
magnitude  of  the  previously  neglected  effects  is  large  enough  to  alter  inferences 
of  glacial  isostatic  adjustment  (GIA)  model  parameters.  In  this  presentation 
I  will  discuss  these  recent  improvements  to  the  sea-level  theory  and  touch 
upon  the  importance  of  these  mechanisms  when  applying  rebound  models  to 
constrain  mantle  viscosity  and  ice  sheet  parameters.  I  will  also  describe  a  very 
recent  finding  that  the  sea-level  equation  breaks  down  in  certain  geographic 
locations  during  the  deglaciation  period.  I  will  introduce  a  modified  sea-level 
equation  that  overcomes  this  problem  and  will  discuss  the  significance  of  the 
new  theory  with  regard  to  the  application  of  constraining  models  of  the  GIA 
process. 
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We  report  here  on  ongoing  efforts  to  constrain  the  radial  viscosity  profile  us¬ 
ing  inverse  procedures  applied  simultaneously  to  data  associated  with  glacial 
isostatic  adjustment  (GIA)  and  mantle  convection.  In  previous  work  [Forte 
Sc  Mitrovica,  Geophys.  Res.  Lett.,  1996;  Mitrovica  S:  Forte,  J.  Geophys.  Res., 
1997]  our  dataset  included  decay  times  associated  with  post-glacial  relative  sea 
level  (RSL)  variations  at  sites  in  previously  glaciated  regions  (Laurentia  and 
Fennoscandia)  and  long-wavelength  free-air  gravity  anomalies.  We  found  that 
both  these  data  sets  may  be  reconciled  using  a  single  profile  of  viscosity  char¬ 
acterized  by  a  significant  increase  (~  1  -  2  orders  of  magnitude),  with  depth, 
in  the  mantle.  In  more  recent  work  we  have  extended  these  analyses  to  include 
an  improved  and  much  larger  data  base  of  GIA  observables,  as  well  as  seismic 
and  geodetic  constraints  on  the  topography  at  the  CMB  and  670  km  depth.  We 
will  report  on  whether  lateral  heterogeneities  in  rheology  need  to  be  invoked 
to  reconcile  the  totality  of  the  GIA  data  set.  Furthermore,  we  will  summarize 
features  common  to  all  viscosity  profiles  which  simultaneously  satisfy  the  GIA 
and  convection  observables.  We  have  found,  for  example,  that  while  a  large 
increase  of  viscosity,  with  depth,  is  required  to  fit  the  data,  the  form  of  this 
increase  is  strongly  constrained. 
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The  waxing  and  vanishing  of  land  ice  sheets  are  driven  by  climate.  It 
generates  and  drives  a  number  of  gedynamic  processes.  The  wafer 
masses  stored  in  the  ice  are  taken  from  die  sea,  by  that  driving  glacial 
eustatic  sea  level  changes.  The  lowering  and  subsequent  rise  in  sea 
level  affects  the  earth  rate  of  rotation;  a  glacial  acceleration  followed 
by  a  postglacial  deceleration.  The  rotational  changes  drive  variations 
in  ocean  circulation  affecting  distribution  of  heat  and  water  masses. 
The  glacial  loading  deforms  the  geoid  relief  not  only  in  the  ice  proxi¬ 
mity  but  also  in  the  far  field.  Global  loading  models  are  often  discus¬ 
sed.  The  Fennoscandian  glacial  deformation  and  rebound  amounts  to 
830  m  with  a  simingly  total  compensation  by  lateral  mass  movements 
in  the  asthenosphere  (leaving  little  or  no  room  for  deeper  loading 
adjustments).  The  deglaciation  period  with  rates  of  uplift  in  the  order 
of  some  10  cm  per  year  is  in  Sweden  associated  with  a  very  high 
seismic  activity  both  in  seismic  recurrence  and  in  magnitudes  of 
events.  By  about  6000-5000  years  BP  the  glacial  eustatic  sea  level 
seems  to  have  been  restored  and  the  general  deceleration  finished. 
After  -5000  BP,  the  redistribution  of  energy  and  water  to  dominates. 
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A  classical  problem  of  geodynamics  is  the  inversion  the  glacial- 
isostatic  adjustment  of  Fennoscandia  in  terms  of  the  viscoelastic  strati¬ 
fication  in  the  earth’s  mantle  below  it.  In  our  study,  we  use  an  n-layer, 
incompressible  Maxwell-viscoelastic  half-space  (Wolf,  1985)  as  the  earth 
model  and  a  time-dependent  distribution  of  discs  as  the  load  model.  The 
latter  is  tuned  to  simulate  closely  the  deglaciation  history  in  southern 
Finland  and  central  Sweden.  The  observational  data  consist  of  the  post¬ 
glacial  land  emergence  in  Angermanland  (Sweden)  and  Helsinki  (Fin¬ 
land)  and  the  present  rate  of  land  emergence  in  Vaasa  and  Helsinki 
(both  Finland).  The  joint  inversion  of  the  data  places  improved  bounds 
on  the  viscoelastic  stratification  of  the  earth’s  mantle  in  this  region. 
The  best-fitting  earth  model  has  (1)  an  elastic  lithosphere  with  65  km 
in  thickness,  (2)  a  100  km-thick  viscoelastic  asthenosphere  with  a  vis¬ 
cosity  of  1.9  X  10'®  Pa  s,  and  (3)  a  viscoelastic  upper  mantle  with  a 
viscosity  of  1.2  x  10"  Pa  s.  A  further  constraint  is  provided  by  mea¬ 
surements  of  the  rale  of  relative  secular  gravity  change  along  the  profiles 
Vaasa-Aanekoski  and  Kemio-Virolahti  (both  Finland),  which  have  re¬ 
turned  ~-0.52  ;iGal  a"'  and  ~-0.42  ^Gal  a"',  respectively.  Using  the 
best  fitting  earth  model,  the  predictions  deviate  from  these  values  by 
~6  per  cent  and  ~17  per  cent  in  magnitude,  respectively. 


MODELLING  OF  LAND  EMERGENCE  AND  SECULAR 
GRAVITY  CHANGE  IN  FENNOSCANDIA 

Malte  Thoma  (1),  Detlef  WoH  (2) 

University  of  Munster,  thoma<9jodie.uni-muenster.de,  (2)  Gco- 
ForschungsZentrum  Potsdam,  dascaQ^-potsdam.de 

A  classical  problem  of  geodynamics  is  the  inversion  the  glacial- 
isostatic  adjustment  of  Fennoscandia  in  tenns  of  the  viscoelastic,  strati¬ 
fication  in  the  earth’s  mantle  below  it.  In  our  study,  we  ust:  an  n-layer, 
lncompre.ssible  Maxwell-viscoelastic  half-space  (Wolf,  1985)  as  the  earth 
model  and  a  time-dependent  distribution  of  discs  as  the  load  model.  The 
latter  is  tuned  to  simulate  closely  the  deglaciation  history  in  southern 
Finland  and  central  Sweden.  The  observational  data  consist  of  the  post¬ 
glacial  land  emergence  in  Angermanland  (Sweden)  and  Helsinki  (Fin- 
hand)  and  the  present  rate  of  land  emergence  in  Vaasa  and  Helsinki 
(both  Finhtndl.  The  Joint  inversion  of  the  data  places  improved  bounds 
on  the  viscoelastic  stratification  of  the  earth's  mantle  in  this  region. 
The  best-fitting  earth  model  has  (1)  an  elastic  lithosphere  with  65  km 
in  thickness,  (2)  a  100  kin-thlck  viscoelastic  asthenosphere  with  a  vis¬ 
cosity  of  1.9  X  10’®  Pa  s,  and  (3)  a  viscoelastic  upper  mantle  with  a 
viscosity  of  1.2  x  10*'  Pa  s.  A  farther  constraint  is  provided  by  mea¬ 
surements  of  the  rate  of  relative  secular  gravity  change  along  the  proflle.s 
Vaasa-Aanekoski  and  Kemio-Virolahti  (both  Finland),  which  have  re¬ 
turned  ~-0.52  ^Gal  a"'  and  ~-0.42  /zGal  a"',  respectively.  Using  the 
best  fitting  earth  model,  the  predictions  deviate  from  the.se  values  by 
~6  per  cent  and  ~17  per  cent  iu  magnitude,  respectively. 


JOINT  MANTLE  VISCOSITY  INVERSIONS  OF  POLAR  WAN¬ 
DER  AND  GEOID  CHANGES  INDUCED  BY  PLEISTOCENE 
AND  CONTEMPORARY  ICE  MASS  VARIATIONS 

L.  L.  A.  Vermeersen  (1),  R.  Sabadini  (2)  and  S.  Borgo  (3) 

(1)  Geodetic  Institute,  Stuttgart  University,  Geschw-Scholl-Strasse  24D,  D- 
70174  Stuttgart,  Germany,  (2)  Dipartimento  di  Scienze  della  Terra,  Sezione 
Geofisica,  Via  L.  Cicognara  7, 1-20129  Milano,  Italy,  (3)  Dipartimento  di  Fisica, 
Settore  Geofisica,  Universita  di  Bologna,  Via  Berti  Pichat  8,  1-40127  Bologna, 
Italy. 

Post-glacial  rebound  due  to  Pleistocene  Ice  Age  cycles  and  contemporary 
changes  in  the  distribution  of  ice  and  water  over  the  Earth’s  surface  are,  at 
least  partly,  responsible  for  the  secular  shift  of  the  Earth’s  rotation  axis  and 
changes  in  the  low  degree  zonal  harmonics  of  the  geoid.  The  error  bounds  of 
the  measurements  of  secular  polar  wander  and  on  zonal  harmonics  2  -  5  of 
the  present-day  geoidal  variations  have  become  small  enough  so  that  they  are 
useful  in  joint  inversions  for  the  radial  mantle  viscosity  profile. 

We  show  results  from  joint  inversions  for  the  mean  upper  and  lower  mantle 
viscosities  for  a  set  of  Pleistocene  and  Holocene  ice  mass  forcings,  and  discuss 
the  many  uncertainties  and  its  impact  on  the  inversion  results  that  exist  in  the 
assumptions  on  the  loads. 
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GRAVITATIONAL  STABILITY  OF  VISCOELASTIC  RELAX¬ 
ATION  MODELS 

L.  L.  A.  Vermeersen  (1)  and  J.  X.  Mitrovica  (2) 

(1)  Geodetic  Institute,  Stuttgart  University,  Geschw-Scholl-Strasse  24D,  D- 
70174  Stuttgart,  Germany,  (2)  Department  of  Physics,  University  of  Toronto, 
60  St.  George  Street,  Toronto,  Ont.  MoS  1A7,  Canada. 

Viscoelastic  relaxation  models  as  used  in  post-glacial  rebound  studies  can  show 
various  kinds  of  inherent  instabilities.  Examples  include  instabilities  due  to 
inversions  in  the  (initial)  radial  density  profile,  instabilities  occurring  when  the 
elastic  Lame  parameters  are  too  small  to  counteract  the  destabilising  effects  of 
self-gravitation,  and  instabilities  due  to  density  perturbations  in  Earth  models 
which  have  a  marginally  stable  radial  density  profile. 

We  present  an  overview  of  these  various  categories  of  instabilities,  and  their  po¬ 
tential  importance  for  elastic,  viscoelastic  incompressible  and  viscoelastic  com¬ 
pressible  self-gravitating  spherical  Earth  models.  Special  attention  is  devoted 
to  the  influence  of  discrete  layering  on  the  occurrence,  strengths  and  time  scales 
of  unstable  relaxation  modes  in  models  with  a  compressible  Maxwell  rheology. 


ANTARCTIC  ELEVATION  CHANGE  1992-1996:  IMPLICATIONS 
FOR  MASS  BALANCE 

D.  J.  Wingham  (1),  A.  D.  Ridout  (1),  R.  Scharoo  (2),  R.  A.  Arthern  (1)  and 
C.  K.  Shum  (3) 

(1)  Department  of  Space  and  Climate  Physics,  University  College  London, 

(2)  DEOS,  Technical  University  of  Delft,  (3)  Center  for  Space  Research, 
University  of  Texas  at  Austin. 

The  mass  balance  of  the  Antarctic  Ice  Sheet  is  uncertain  to  -t-/-  400  Gt/yr  and 
is  the  largest  uncertainty  in  determining  the  present  observed  rise  of  mean  sea 
level.  Although  sparse  glaciologlcal  observations  of  accumulation  and  outflow 
indicate  that  the  balance  may  be  positive  by  as  much  as  400  Gt/yr,  an  increas¬ 
ing  Ice  Sheet  mass  makes  difficult  closing  the  present  sea  level  rise  budget.  In 
this  paper  we  report  on  the  elevation  changes  observed  with  the  ERS  altimeters 
of  60%  of  the  interior  of  the  Antarctic  Ice  Sheet.  The  observed  change  is  gen¬ 
tly  negative,  equivalent  to  -67  37  Gt  yr,  with  significant  changes  occuring 

only  in  West  Antarctica.  The  relationship  between  elevation  change  and  mass 
change  is  subtle,  because  the  elevation  is  differently  sensitive  to  short  and  long 
term  changes  in  accumulation  rate  as  a  result  of  the  densificatlon  in  the  near 
surface.  We  present  evidence  that  much  of  the  observed  elevation  change  is  due 
to  short-term,  short-scale  accumulation  fluctuations,  and  in  consequence  the 
sheet  is  close  to  balance.  We  conclude  it  is  very  unlikely  that  the  Antarctic  Ice 
Sheet  has  been  a  substantial  source  of  ocean  mass  this  century. 


ABSOLUTE  GRAVITY  AND  GPS  MEASUREMENTS  IN 
GREENLAND 

J.  Wahr  (1),  T.  van  Dam  (2),  K.  Larson  (3),  D.  Robertson  (4)  and  0.  Fran¬ 
cis  (4) 

(1)  Dept,  of  Physics/CIRES,  Campus  Box  390,  Universtiy  of  Colorado,  Boul¬ 
der,  CO  80309,  (2)  NOAA/CIRES,  Campus  Box  216,  University  of  Colorado, 
Boulder,  CO  80309,  (3)  Dept,  of  Aerospace  Engineering  Sciences,  University  of 
Colorado,  Campus  Box  429,  Boulder,  CO,  80309,  (4)  NOAA/CIRES,  Campus 
Box  216,  University  of  Colorado,  Boulder,  CO  80309. 

Changes  in  the  distribution  and  volume  of  ice  in  Greenland  causes  vertical 
crustal  motion  of  up  to  several  mm/yr  or  more  around  the  edges  of  the  ice 
sheet.  The  viscoelastic  response  of  the  earth  to  past  changes  in  ice  loading 
could  cause  vertical  motion  rates  that  are  of  the  same  order.  These  viscoelastic 
effects  must  be  removed  before  the  observations  can  be  used  to  help  constrain 
the  mass  balance  of  the  ice  caps.  This  can  be  done  by  combining  vertical  mo¬ 
tion  measurements  with  simultaneous  observations  of  gravity.  We  have  begun 
a  multi-year,  NASA/NOAA-funded  program  to  make  simultaneous  measure¬ 
ments  of  absolute  gravity  and  crustal  motion  (using  continuously-operating 
GPS  receivers)  at  bedrock  sites  around  the  edges  of  the  Greenland  Ice  Sheet. 
We  currently  have  2.5  years  of  GPS  measurements  and  3  occupations  with  ab¬ 
solute  gravity  from  the  west  coast.  In  this  talk,  we  will  describe  the  project,  the 
theoretical  motivations,  and  speculate  on  the  interpretation  of  the  preliminary 
data. 


SE7  Variations  in  the  Earth’s  rotation:  implications 
for  the  dynamics  and  structure  of  the  mantle  and 
for  global  change  processes 

Convener:  Sabadini,  R. 

Co-Convener:  O’Connell,  R.J. 


EFFECTS  OF  SUBDUCTIONS  AND  TRENDS  IN  SEISMICALLY- 
INDUCED  ROTATIONAL  VARIATIONS 
L.Alfonsi  (1),  G.Spada  (1)  and  E.Boschi  (1) 

(1)  Istituto  Nazionale  di  Geofisica,  00143  Rome,  Italy. 

Seismically-induced  rotational  changes  show  statistically  significant  trends.  The 
rotation  axis  is  moved  preferentially  towards  a  well-defined  direction  (~  140° 
E)  and  the  Earth’s  oblateness  is  systematically  decreased.  Our  purpose  is  to 
employ  the  static  dislocation  theory  to  ascertain  the  origin  of  these  two  re¬ 
markable  trends.  We  find  that  these  tendencies  are  operating  even  on  a  yearly 
time-scale,  and  we  explain  their  nature  by  means  of  simple  geometrical  and 
physical  arguments.  The  trend  of  the  pole  towards  140°  E  is  essentially  due 
to  the  seismicity  which  characterizes  the  Western  Pacific  subduction  zones.  We 
also  address  the  potential  effects  of  aseismic  mass  rearrangement  at  subduction 
zones  on  the  secular  drift  of  the  pole.  Out  findings,  based  on  a  simple  model  of 
steady-state  subduction,  show  that  in  the  two  last  decades  this  process  substan¬ 
tially  acts  to  counterbalance  the  polar  drift  due  to  global  seismic  activity.  We 
verify  that  this  balance  between  earthquake-  and  subduction-induced  rotational 
signatures  also  characterizes  the  time-variations  of  the  dynamic  oblateness  of 
the  Earth.  From  these  results,  which  may  potentially  have  some  impact  on  the 
interpretation  of  long-term  polar  motion,  we  conclude  that  the  pole  of  rotation 
cannot  be  significantly  perturbed  by  tectonic  motions  on  a  decade  time-scale. 
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"Earth  Orientation  Parameters  measured  by  Space  Geodesy  Techniques" 

R.  Devoti,  M.  Fermi,  R.  Lanotte,  V.  Luceri,  R.  Pacione,  P.  Rutigliano,  C.  Sciarretia 
(Telespazio  SpA,  Centro  di  Geodesia  Spaziale  "G.  Colombo",  Matera,  Italy) 

F.  Vespe  (Agenzia  Spaziale  Italiana  -  Centro  di  Geodesia  Spaziale  "G.  Colombo", 
Matera,  Italy) 

The  Earth's  rotation  study  has  involved  the  scientific  community  since  at  least  a  couple 
of  centuries.  This  is  certainly  a  consequence  of  the  complexity  of  the  Earth  system 
interactions  and  therefore  a  complete  discussion  involves  an  interdisciplinary  effort 
between  different  sections  of  Earth  and  planetary  sciences.  In  particular  the 
geophysical  community  is  demanding  more  and  more  accurate  measurements  of 
geodetic  parameters  in  order  to  correctly  interpret  them.  The  space  geodetic  techniques 
are  currently  offering  a  huge  amount  of  products  diffused  by  several  international 
services  (e.g.  lERS  and  IGS)  with  different  levels  of  precision  and  accuracies.  We  will 
compare  different  EOP  time  series  estimated  with  Satellite  Laser  Ranging  (SLR),  Very 
Long  Baseline  Interferometry  (VLBI)  and  Global  Positioning  System  (GPS)  and 
combine  their  results  taking  care  of  reference  frame  biases.  The  discussion  will  be 
focused  on  the  sensitivity  of  the  different  space  geodetic  techniques  to  the  EOP, 
separating  differential  systematic  errors  from  random  errors  and  setting  the  boundaries 
for  the  interpretation  of  the  visible  geophysical  processes. 


MULTIPLE  EPISODES  OF  RAPID  TRUE  POLAR  WANDER  IN 
VENDIAN-CAMBRIAN  TIME 

D.  A.  Evans 

Div.  of  Geol.  and  Plan.  Sci’s.  170-25  Caltech,  Pasadena  CA  91125  USA. 
devansCgps.  caltech.edu/Fax:  1-626-568-0935 

Although  paleomagnetic  apparent  polar  wander  (APW)  paths  should  contain 
components  of  between-plate  motions  as  well  as  true  polar  wander  (TPW),  the 
latter  fraction  is  usually  assumed  to  be  zero,  except  for  specifically  proposed 
intervals  of  rapid  TPW.  For  pre-Mesozoic  time,  these  hypotheses  are  difficult 
to  test  quantitatively  because  the  pre-Mesozic  geological  record  lacks  represen¬ 
tatives  of  the  mantle  reference  frame.  Despite  this  problem,  several  features 
of  the  Neoproterzoic-Paleozoic  geological  and  paleomagnetic  records  favor  the 
possibility  of  multiple  episodes  of  large  and  rapid  TPW.  One  geodynamic  pre¬ 
condition  for  polar  instability  is  near-equivalence  in  magnitude  of  the  planet's 
maximum  and  intermediate  moments  of  inertia.  A  nonhydrostatlc  figure  satis¬ 
fying  this  condition  is  a  prolate  spheroid,  which  if  stable  over  a  long  time  could 
generate  TPW  along  nearly  the  same  great-circle.  Vendian-Cambrian  APW 
paths  generally  follow  great-circles,  consistent  with  this  model.  TPW  as  fast 
as  90  degrees  in  five  million  years  is  geodynamically  possible:  thus  the  present 
paleomagnetic  database  (with  reliable  poles  typically  separated  by  10  Myr  or 
more)  is  incapable  of  resolving  the  exact  endpoints  of  possible  Vendian  TPW 
swings.  Nonetheless,  evidence  from  one  well  constrained  continent,  Laurentia. 
appears  to  support  at  least  two  round-trip  polar  excursions  at  rates  as  fast  as 
100  cm/yr.  TPW  is  an  attractive  hypothesis  for  such  rapid  motion. 


APPARENT  POLAR  WANDER  OF  THE  HOTSPOTS;  THE  VIEW 
FROM  THE  PACIFIC 

R.  G.  Gordon  (i).  K.  Petronotis.  G.  Acton  (2)  and  B.  Johnson  and  S. 
Vasas  (3) 
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AM  U.,  College  Station,  TX  77845  US.A.  (3)  Dept.  Geol.  Sci.,  Northwestern 
U..  Evanston  IL  60208  USA. 

Paleomagnetic  poles  determined  from  the  skewness  of  Pacific  marine  magnetic 
anomalies  have  compact  confidence  regions  and  precisely  known  ages.  Our  re¬ 
sults  include  estimates  of  the  skewness  of  2.200  crossings  of  23  distinct  magnetic 
anomalies  over  seafloor  ranging  in  age  from  20  Ma  (chron  6)  to  81  Ma  (chron 
33r).  The  resulting  path  of  apparent  polar  wander  (APW)  is  based  on  many 
more  data  than  the  widely  used  path  based  mainly  on  seamount  poles,  paleo- 
latitude  data,  and  equatorial  sediment  facies.  The  new  .APW  path  differs  from 
the  old  path  in  several  important  ways;  (1)  The  path  from  skewness  data  is 
offset  to  the  east  from  most  of  the  old  path.  (2)  The  implied  amount  of  north¬ 
ward  motion  of  the  Pacific  plate  since  7.5-81  .Via  is  substantially  less  from  the 
skewness  data  than  from  the  .seamount  poles.  (3)  Seamount  poles  and  equattn 
rial  sediment  facies  indicate  no  shift  of  Pacific  hotspots  relative  to  the  spin  axis 
since  40  Ma.  which  is  inconsistent  with  the  well-documented  significant  shift  of 
Atlantic  and  Indian  hotspots.  In  contrast,  the  skewness  data  indicate  a  large 
and  significant  shift  since  20  Ma.  (4)  The  pole  for  81  Ma  from  skewnes.s  data  lies 
30  degrees  from  a  pole  for  88  Ma  determined  from  seamount  magnetism;  this 
large  distance  between  poles  so  close  in  age  may  indicate  an  episode  of  rapid 
true  polar  wander  from  88  Ma  to  81  Ma.  which  may  coincide  with  the  end  of 
the  Cretaceous  Normal  Polarity  Superchron.  (5)  Comparison  of  the  .APW  of 
Pacific  hotspots  with  that  of  Atlantic  hotspots  indicates  some  similarities  and 
some  differences;  the  latter  may  indicate  motion  between  hotspots,  errors  in 
the  reconstructions,  or  immodeled  errors  in  the  paleomagnetic  poles. 


MOVEMENT  OF  EARTH’S  INSTANT  POLE  OF  ROTATION 
Georges  V.  KIRIAN 
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It  is  considered,  that  the  movement  of  a  pole  received  from  astronomical  supervi 
sion  over  change  of  breadth,  belongs  only  to  Earth’s  an  instant  pole  of  rotation 
(Chandler ’s  motion).  The  researches,  carried  out(sp€nt)  by  us,  of  a  trajectory 
of  movement  of  a  pole  have  shown,  that  it  not  so.  That  is  accepted  for  a 
trajectory  of  movement  of  an  instant  pole  of  rota  tlon  of  the  Earth,  actually, 
represents  set  of  movements  of  an  axis  of  the  world  (a  polar  ax  is  of  inertia  of  the 
Earth)  and  the  axis  of  Earth’s  instant  pole  of  rotation  (Chandler’s  motion).  We 
establish  the  physical  nature  of  Chandler’s  motion  and  mechanism  of  excitation 
and  maintenance  of  oscillatory  movement.  The  cause-effect  connections  of  the 
found  out  movement  of  a  polar  axis  of  inertia  of  the  Earth  (axis  of  the  World) 
and  Earth’s  instant  pole  of  rotation  with  the  material  World  surrounding  the 
Earth.  We  establish  the  connection  between  movement  of  Ear  th’s  instant  pole 
of  rotation  and  the  irregularity  of  rotation  of  the  Earth. 


VARUTIONS  OF  THE  EARTH’S  ROTATION  SPEED  AND  GEODY- 
NAMICAL  PROCESSES  IN  CENTRAL  AND  SOUTH  ASIA 

Yu.Kopnichev,  l.Sokolova 
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Pairs  of  large  earthquakes  (M~7.0)  are  observed  in  Central  and  South  Asia:  a  deep- 
focus  Hindiu  Kush  earthquake  followed  by  a  shallow  event  during  an  interval 
varying  froin  a  few  weeks  to  4,5  months.  Distances  between  epicenters  of  these 
events  are  within  a  range  of  300-1450  km.  Strong  shallow  earthqu^es  after  deep- 
focus  Hindu  Kush  events  have  occurcd  in  the  regions  of  Kopet  Dag,  Iran,  Turanian 
plate,  Hindu  Kush,  South  Tien  Shan  and  Himalaya.  A  prc^bility  of  occasional 
occurence  of  9  pairs  of  such  earthquakes  since  a  beginning  of  this  century  is 
insignificant.  We  have  established,  that  these  events  occur  only  during  episodes  of 
long-term  (few  years)  increase  of  the  Earth's  rotation  speed.  To  interpret  this  effect 
we  have  considered  temporal  variations  of  shear  wave  attenuation  field  structure  in 
the  earth's  crust  and  upper  mantle,  which  are  connected  with  an  active  fluids 
migration  within  large  d^  fault  zones.  For  this  purpose  an  unique  experimental 
matherial  has  been  analyzed  -  seismograms  of  local  e:^losions  at  a  small  quarry  in 
the  region  of  the  North  Tien  Shan,  ol^ined  in  1965-1995.  Using  co^  analysis,  we 
have  shown,  that  during  periods  of  increasing  the  Earth’s  rotation  sp^  and 
esp^ally  after  the  strongest  Hindu  Kush  earthquakes  the  fluid  field  comes  to 
"exited"  condition  in  the  earth's  crust  and  upper  mantle,  which  stipulates  a  sha^ 
acceleration  of  formation  pro^sses  of  large  shallow  earthquakes  sources  in  most 
prepared  areas.  The  data  chained  point  out  that  an  information  on  preparing  deep- 
tbeus  Hindu  Kush  earthquakes  is  passed  through  active  deep  fault  zones  due  to  a 
perfect  system  of  hydroc^amic  tics. 


GLACIAL  ISOSTATIC  ADJUSTMENT  AND  THE  EARTH’S  RO¬ 
TATION:  NEW  INSIGHTS  INTO  AN  OLD  PROBLEM 
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We  revisit  the  theory  and  predictions  of  glaciation-induced  variations  in  the  ro¬ 
tation  rate  of  the  Earth  and  true  polar  wander  (TPW).  The  two  most  common 
theoretical  formulations  associated  with  TPW  driven  by  the  surface  lozuding  of 
a  viscoelastic  Earth  [e.g.,  Sabadini  et  ai,  1982;  Wu  and  Peltier,  1984]  appear 
to  diverge,  and  the  differences  have  been  the  source  of  ongoing  debate.  We 
will  show,  using  a  generalized  theory,  that  the  two  formalisms  yield  essentially 
equivalent  predictions.  We  will  then  present  two  sets  of  forward  predictions.  The 
first  set  illustrates  the  sensitivity  of  TPW  predictions  to  variations  in  mantle 
viscosity  as  well  as  assumptions  regarding  incompressibility  and  the  treatment 
of  the  density  discontinuity  at  670  km  depth  (phase  or  chemical  boundary?). 
The  second  set  explores  the  feedback  between  rotation  variations  and  a  suite 
of  widely  discussed  glaciation-induced  observables.  In  particular,  we  explore  to 
what  extent  past  predictions  of  these  observables,  which  assume  a  non-rotating 
planet,  are  modified  by  the  action  of  a  perturbing  rotational  potential. 
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EARTH  ROTATION  AND  GLOBAL  CHANGES 
Nils-Axel  Momer 

Paleogeophysics  &  Geodynamics,  Sweden,  momer  @  pog.su.se 

The  glacial  eustatic  rise  in  sea  level  after  the  20  ka  glaciation 
maximum  led  to  an  increase  of  the  eqiatorial  radius  and  hence  caused 
a  general  deceleration  The  sea  level  rise  can  be  approximated  by  two 
superposed  exponential  curves  with  a  transitional  period  some  13-10 
Ka  radiocarbon  years  BP.  This  period  is  known  for  high-amplitude 
climatic  changes  and  regionally  irregular  changes  in  sea  level.  We 
interprete  this  as  a  breaking  down  in  the  continues  deceleration 
compensated  by  rapid  redistributions  of  ocean  water  masses  and 
related  interchanges  of  angular  momentum  between  the  hydrosphere 
and  the  solid  Earth.  At  about  6000  BP  the  glacial  eustatic  rise  in  sea 
level  finished  and  a  quite  new  situation  began  that  is  characterized  by 
the  interchange  of  angular  momentum  between  the  solid  Earth  and  the 
hydrosphere  (i.e.  the  main  ocean  circulations  system).  Because  of  the 
oceans  high  heat  storing  capacity,  this  redistribution  of  water  masses 
(e.g.  pulses  in  the  Gulf  Stream  transport)  generates  climatic  changes 
on  a  decadal-to-century  basis  (some  sort  of  Super-ENSO  events)  that 
are  of  regional  dimentior\s.  This  is  testable  by  the  available  instru¬ 
mental  records  of  the  last  300  years. 


LONG  TERM  STABILITY  OF  EARTH^S  ROTATION  AXIS 

Y.  Ricard  (1),  M.  Richards  (2),  C.  Lithgow  (3),  R.  Sabadini  (4)  and  G. 
Spada  (5) 

(1)  Ecole  Normale  Superieure  de  Lyon.  F-69007  Lyon,  (2)  University  of  Berke¬ 
ley,  USA,  (3)  University  of  Michigan,  USA,  (4)  University  of  Milano,  Italy, 
(5)  ING  Roma.  Italy. 

Paleomagnetic  data  show  that  Earth’s  rotation  axis  is  remarkably  stable,  with 
less  than  1000  km  of  net  notion  between  the  paleomagnetic  and  hotspot  refer¬ 
ence  frames,  or  "true  polar  wander” ,  (TPVV)  during  the  past  100  million  years. 
This  stability  is  surprising  since  Earth’s  inertia  tensor  is  controlled  by  internal 
mass  rearrangements  on  the  same  timescale  resulting  from  mantle  convection. 
Here  we  show  that  Earth’s  long-term  rotational  stability  can  be  explained  by 
the  slow  rate  of  change  in  the  large-scale  pattern  of  plate  tectonic  motions  dur¬ 
ing  Cenozoic  and  late-Mesozoic  time,  provided  that  subducted  lithosphere  is 
a  major  component  of  mantle  density  heterogeneity  generated  by  convection. 
This  explanation  suggests  that  it  is  unnecessary  to  invoke  other  causes,  such 
as  sluggish  readjustment  of  the  rotational  bulge,  to  explain  the  observed  low 
rate  of  TPW.  However,  in  other  periods  of  Earth  s  history,  the  difficulty  for 
the  equatorial  bulge  to  move  may  have  controlled  the  Earth’s  rotation  axis. 


TRUE  POLAR  WANDER  AS  A  MECHANISM  FOR  LONG  TERM 
SEA  LEVEL  VARIATIONS 
J.  E.  Mound  and  J.  X.  Mitrovica 

Department  of  Physics,  University  of  Toronto,  Toronto,  Canada,  MSS  1A7. 
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Long-term,  global  scale,  sea  level  variations  are  well  documented.  Analyses  of 
data  from  North  America  and  Europe  suggest  a  second-order  sea  level  cycle 
extending  from  at  least  the  Cretaceous  to  the  present  day.  The  origin  of  this  cy¬ 
cle,  as  well  as  its  amplitude  and  geographic  extent  (global  or  regional?)  remain 
controversial.  It  has  been  suggested  [for  example,  by  Momer,  1981]  that  long 
term  sea  level  variations  may  be  linked  to  changes  in  the  Earth’s  rotation.  This 
possibility  is  supported  by  the  recent  study  of  Sabadini,  Doglioni,  and  Yuen 
[Nature^  1990],  who  showed  that  relatively  rapid  episodes  of  true  polar  wander 
(•^  1*/Ma)  may  be  an  important  controlling  mechanism  for  third-order  sea 
level  cycles.  We  have  extended  the  analysis  of  Sabadini  et  al.  [1990]  to  consider 
sea  level  variations  driven  by  much  longer  term  true  polar  wander.  Our  calcula¬ 
tions  are  gravitationally  self-consistent  and  incorporate  both  the  paleomagnetic 
record  of  true  polar  wander  over  the  last  130  Ma  as  well  as  continental  move¬ 
ments  over  this  time.  We  conclude  that  long  term  sea  level  variations  over  the 
last  130  Ma  are  a  combination  of  both  global  (that  is  eustatic)  and  ‘quadrential’ 
(true  polar  wander  induced)  signals. 


THE  LONG-TERM  ROTATION  DYNAMICS  OF  THE  EARTH 
R.  Sabadini  (1),  L.  L.  A.  Vermeersen  (2)  and  R.  Malservisi  (3) 

(1)  Dipartimento  di  Scienze  della  Terra,  Sezione  Geofisica,  Via  L.  Cicognara 
7, 1-20129  Milano,  Italy,  (2)  Geodetip  Institute,  Stuttgart  University,  Geschw- 
Scholl-Strasse  24D,  D-70174  Stuttgart,  Germany,  (3)  Dipartimento  di  Scienze 
della  Terra,  Sezione  Geofisica,  Via  L.  Cicognara  7, 1-20129  Milano,  Italy. 

The  redistribution  of  mass  at  the  surface  or  within  the  mantle  is  responsible 
for  the  readjustment  of  the  Earth  with  respect  to  its  axis  of  rotation,  called 
true  polar  wander  (TPW),  on  a  wide  range  of  time-scales:  from  10®  yr  due  to 
post-glacial  rebound,  to  10^^  10®  yr  due  to  mantle  convection.  TPW  can  be  de¬ 
duced  from  paleomagnetic  data,  assuming  that  the  average  paleomagnetic  axis 
coincides  with  the  paleorotation  one.  When  the  long  term  rotational  dynamics 
of  the  Barth  is  considered,  changes  in  the  moments  of  inertia  due  to  mantle  and 
surface  loads  and  to  the  centrifugal  deformation  must  be  taken  into  account. 
These  two  contributions  are  sensitive  to  the  density  and  viscosity  stratification 
of  the  mantle,  which  implies  that  comparisons  between  dynamic  model  results 
and  TPW  data  can  be  used  to  constrain  the  viscosity  structure  of  the  mantle. 
The  slow,  but  resolvable  rate  of  TPW  since  the  early  Tertiary  of  0.1®  —  0.2®  per 
million  years,  has  thus  profound  implication  for  the  long-term  rotational  dy¬ 
namics  of  the  Earth  and  for  the  viscosity  stratification  of  the  mantle.  We  show 
the  sensitivity  of  TPW  paths,  due  to  subduction  zone  reorganization  and  due 
to  the  continuous  occurrence  of  ice  ages,  on  density  and  viscosity  stratification, 
for  time  scales  characteristic  for  the  readjustment  of  the  equatorial  bulge. 


TRUE  POLAR  WANDER  AND  HOT-SPOT  MOTION  DURING 
THE  CENOZOIC  FROM  MANTLE  FLOW  MODELS 
R.  J.  O’Connell  (1)  and  B.  Steinberger  (2) 
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The  Earth’s  rotation  axis  is  determined  by  the  nonhydrostatic  moments  of 
inertia,  which  depend  on  the  density  distribution  in  the  Earth;  the  density 
field,  which  evolves  as  convection  and  other  dynamic  processes  in  the  mantle 
occur.  Current  models  of  the  density  distribution  in  the  mantle,  inferred  from 
seismic  tomography,  have  successfully  accounted  for  the  geoid.  We  use  flow 
models  driven  by  such  internal  density  heterogeneities  and  by  lithospheric  plate 
motions  to  study  the  evolution  of  the  density  and  flow  fields  in  the  mantle  over 
the  recent  geological  past.  The  models  predict  the  evolution  of  the  moments  of 
inertia,  and  hence  the  rotation  axis.  They  also  predict  the  motion  of  hot-spots 
and  thus  relate  the  rotational,  inertial,  plate  tectonic  and  hot-spot  reference 
frames. 

The  models  predict  true  polar  wander  that  is  in  good  agreement  with  paleo¬ 
magnetic  results  for  the  past  60  My.  The  predicted  current  rate  of  polar  motion 
from  the  models  is  about  30%  of  the  observed  rate  and  hence  should  be  taken 
into  account  in  models  of  polar  motion  based  on  post-glacial  rebound.  The  cur¬ 
rent  polar  motion  appears  to  be  driven  primarily  by  the  evolution  of  subduction 
in  the  SW  Pacific. 


MAGNETIC  FIELD  OF  THE  EARTH  AS  A  RESULT  OF  VARIATION  OF  ITS 
ROTATIONAL  REGIME 


K.F.Tyapkin,  Ukrainian  State  Mining  University,  Chair  of  Geophysics,  19  K.  Marx 
ave.,  320027  Dniepropetrovsk,  Ukraine,  Tel:-^380562  472380,  Fax;+380562  470835 


Now  is  generally  accepted  the  conception  of  generation  of  geomagnetic  field  in  the 
form  of  hydromagnetic  dynamo,  based  upon  the  ideas  about  some  hypothetical 
convection  of  substrance  in  the  Earth’s  quasi-liquid  nucleus.  In  the  proposed  model, 
as  a  source  of  energy  to  support  the  geomagnetic  field,  are  taken  the  forces  of 
interaction  of  the  rotating  Earth  with  the  Galaxy’s  magnetic  field. 

The  Earth  as  a  magnet  moving  in  a  variable  Galaxy’s  magnetic  field  has  to  suffer  a 
certain  moment  of  rotation.  Along  with  It,  in  accodance  with  the  laws  of  mecanics, 
its  moment  of  momentum  has  to  be  constant.  To  satisfy  these  two  requirements 
simultaneously  is  possible  only  provided  that  some  turn-over  of  the  internal  nucleus 
in  relation  to  the  external  one  and  the  mantle  takes  place.  It  is  evidenced  by  the 
displacements  of  the  rotation’s  poles  over  the  Earths  surface.  The  movements  of  the 
focings  of  the  double  electrical  layer  appearing  on  the  boundary  of  the  inner  and 
exterior  nuclei  generate  the  modem  geomagnetic  field.  The  initial  stage  of  appearing 
of  geomagnetic  field  in  time  is  connected  with  the  formation  of  the  nucleus  in  the 
Earth  that  is  capable  to  turn-over  and  as  an  initial  magnetic  moment  of  the  iron- 
nickel  nucleus  could  be  taken  the  one  caused  by  induction  of  the  Galaxy's  magnetic 
field.  The  proposed  model  gives  the  solution  for  one  of  the  fundamental  problems  in 
the  earth  sciences.  Its  distinctive  peculiarity  is  the  above  common  mechanism  of 
generating  the  geomagnetic  field  and  deformation  of  the  upper  part  of  the  Earth. 
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POLAR  WANDER,  SEA-LEVEL  VARIATIONS  AND  ICE  AGE 
CYCLES 

L.  L.  A.  Vermeersen 

Geodetic  Institute,  Stuttgart  University,  Geschw-Scholl-Strasse  24D,  D-70174 
Stuttgart,  Germany. 

There  exist  close  connections  between  changes  in  the  Earth’s  rotation  axis  with 
respect  to  a  deep  mantle  reference  frame  (True  Polar  Wander),  variations  in 
sea-level,  the  rise  and  decline  of  geological  Ice  Ages,  and  global  change  on 
geological  time  scales.  The  modeling  of  these  interrelationships  has  received 
renewed  attention  in  the  last  few  years,  after  initial  attempts  to  relate  these 
phenomena  in  the  ’80s  by  means  of  solid  earth  relaxation  models  had  shown 
its  feasibility. 

An  overview  is  given  of  the  models,  and  several  aspects  of  the  various  interrela¬ 
tionships  are  discussed.  It  is  shown  that  the  viscosity  profile  of  the  solid  earth 
has  an  important  influence  on  these  interactions. 


CONTRIBUTIONS  TO  PRESENT-DAY  POLAR  MOTION,  Jj 
AND  UTl  CHANGES 
C.  F.  Yoder  and  C.  F.  Yoder 
Jet  Propulsion  Lab,  Pasadena  CA  91109. 
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The  present-day  secular  polar  motion  is  about  4mas/yr  toward  northern 
Canada  obtained  from  100  years  of  astrometric  data.  Recent  estimates  of  sec¬ 
ular  change  in  Earth’s  oblateness  find  dJifdt  =  -2.7  ±  0.4  x  lO”*  from 
laser  tracking  of  artificial  satellites  over  the  past  2  decades.  The  quadratic 
change  with  time  of  Earth  rotation  is  31.7  ±  0.5  sec(T/Cy)^  and  is  obtained 
from  3  millennia  of  ancient  lunar  and  solar  eclipse  data.  The  tidal  contribution 
from  laser  tracking  of  moon  and  artififial  satellites  is  well  determined  and  the 
inferred  nontidal  contribution  is  -10  ±  l(r/Cy)*  sec.  If  interpreted  in  terms  of 
changing  rebound,  the  corresponding  rate  is  dj-i/dt  =  -3.2±0.3  x 
This  20  Cy  average  should  be  larger  than  present-day  rebound  by  a  factor  of 
(l-l-6.7Cy/r)  where  r  40Cy  is  the  rebound  time  scale.  The  fact  that  these 
2  different  estimates  of  oblateness  change  agree  suggests  that  other  sources  ei¬ 
ther  fortuitously  cancel  or  are  small.  Until  recently,  post  glacial  rebound  seemed 
to  be  the  primary  source  for  all  three  signatures.  Contributions  from  ongoing 
melting  of  ice  sheets,  plate  motion  and  by  inference  mantle  convection  were 
all  estimated  to  be  a  factor  of  5  or  more  smaller  than  the  rebound  signature. 
However,  recent  modeling  of  advected  density  anomalies  suggest  that  mantle 
convection  accounts  for  1/3  of  the  present-day  drift  and  is  consistent  with  20 
My  average  from  the  paleomagnetic  record.  Constraints  on  mantle  viscosity 
profiles  imposed  by  dJi/dt  and  secular  PM  are  weak  partly  because  of  this 
contribution  and  partly  because  of  rebound  PM  sensitivity  to  isostatic  support 
by  the  crust.  1  will  discuss  rebound  models  for  polar  motion,  UTl  and  dJj/dt 
and  compare  with  model  estimates  of  additional  contributions  and  the  observed 
signature.  I  will  also  discuss  different  mechanisms  for  long  term  drift. 
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THE  RELATIONSHIP  BETWEEN  SOLAR  WIND  ENERGY  AND 
27-DAY  NON-TIDAL  VARIATIONS  IN  THE  LENGTH  OF  DAY 

I.  G.  Zakharov  (1)  and  O.  F.  Tyrnov  (1) 
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It  is  shown  that  solar  rotation  period-mean  values  of  solar  wind  energy  are 
closely  related  to  an  amplitude  of  27-day  non-tidal  variations  in  the  length  of 
day:  coefficients  of  correlation  can  reach  values  of  r  0.8  at  a  time  lag  of 
15  to  20  days  average.  However,  the  mechanism  of  effects  may  be  only  of  a 
kind  of  trigger  since  a  solar  wind  torque  and  energy  flux  are  1  to  2  orders  of 
magnitude  smaller  than  necessary.  Such  a  mechanism  may  be  an  increase  in 
an  atmospheric  number  density  of  CO2  in  the  auroral  oval  due  to  a  change  in 
the  atmospheric  circulation  from  the  meridianal  type  to  the  zonal  one  under 
enhanced  particle  precipitation  heating  [Bucha  V.  Ann.  Geohphys  (1988),  6,  p. 
513].  The  authors  have  been  supported  by  Science  and  Technology  Center  in 
Ukraine  Grant  471. 


NEW  SEIS>nC  DATA  ALONG  THE  LATIUM-CAMPAMA  OFFSHORE 
(EASTERN  TYRRHENIAN  MARGIN) 

Aiello  G.,  de  Alteriis  G.,  Marsella  E.  &  Sacchi  M. 

Istituto  di  Ricerca  "Geomare  Sud",  CNR,  Napoli,  Italy 
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Unlike  the  western  Tyrrhenian  margin,  where  relatively  simple  lithospheric 
stretching  and  mainly  E-W,  ESE-WNW  extension  had  occurred  since  post- 
Tortonian  times,  the  eastern  Tyrrhenian  margin  (ETM)  experienced  a  rather 
complex  deformational  history  since  it  was  located  on  the  back  side  of  the  migrating 
Apenninic  accretionary  wedge.  Unpublished  multichannel  and  single-channel 
seismics,  coupled  to  well  data,  reveal  unexpected  tectonic  and  sedimentary  features 
along  the  Latium-Campania  offshore  in  correspondence  to  the  Terracina-Gacta, 
Napoli  and  Salerno  basins.  In  these  basins  the  Meso-Cenozoic  tectonic  units  of  the 
acoustic  basement  are  downlhrown  by  listric  normal  faults  and  generate  N-S  to 
ENE-WSW  trending  half-grabens.  Plio-Pleistocene  sedimentary  fill  in  the  basins, 
exceeds,  at  places,  some  3000  m  and  is  made  up  of  clastic  marine,  coastal  and 
deltaic  sediments  intercalated  with  lavas  and  pyroclastic  deposits  related  to 
widespread  volcanism.  In  the  Napoli  and  Salerno  basins  bathymetry  and  high 
resolution  seismics  shows  the  occurrence  of  partly  fault-controlled  canyons  (i.e. 
Dohm  and  Magnaghi  canyons)  which  engrave  the  continental  shelf  up  to  near  the 
shore  and  join,  seaward,  the  Capri-Salemo  E-W  canyon.  Wedging  geometries, 
tectonic  unconformities  and  occurrence  of  hummocky  reflectors  and  chaotic  facies 
at  various  stratigraphic  levels  are  hints  of  synsedimentary  tectonics  and  strong  uplift 
of  the  mainland  during  Pleistocene. 
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The  Early  Layer  Parallel  Shortening  (LPS) 
as  Revealed  by  Magnetic  Fabric. 

C.  AIIROIIRO  (Department  of  Earth  Sciences.  URA  1759.  University  de  Cergy 
Pontoise.  8  Av.  du  Parc.  950 1 1  Cergy  Cedex  France  email  aubourg@u-cergy.fr 

The  purpose  of  this  talk  is  to  present  a  quick  mean  to  describe  the  early 
stage  of  the  LPS  in  apparently  undeformed  sedimentaiy  rocks. 

Magnetic  frbric  determination  is  frst  (less  than  5  mn/sample),  accurate 
(anisotropy  of  0.1%)  and  volumetric  (10  cc).  In  addition,  magnetic  fiibric  can 
measured  on  a  wide  variety  of  rock  types.There  are  typically  two  suitable  materials 
to  reveal  the  LPS  in  the  early  stage  of  its  development. 

1)  Marls  exhibit  a  magnetic  lineation  within  the  bedding  at  a  rieht  angle  of  the 
LPS  direction.  This  magnetic  lineation  is  quite  hard  and  resists  generally  to  fiuther 
deformation.  It  behaves  therefore  as  passive  marker. 

2)  Sandstones  give  the  most  spectacular  results  because  they  show  a  developement^ 
of  magnetic  foliation  perpendicular  to  the  bedding.  This  magnetic  foliation  has’ 
generally  no  expression  on  the  field,  neither  in  thin  section.  We  will  present  a 
positive  fold  test  which  clearly  show  a  pre-tilting  acquisition  of  the  magnetic  febric 

These  results  indicate  that  an  Internal  deformation  accompanied  the  LPS. 
This  has  important  consequences  for  modelling  the  deformation  of  a  sedimentary 
cover.  We  will  present  a  model  of  the  development  of  the  LPS  which  suggests  a 
forward  propaeatlon  of  the  internal  deformation.  An  example  from  a  record  of  an 
early  LPS  in  the  Akseki  Arc  (Taurus,  Turkey)  will  support  our  view. 


TECTONIC  MODELLING  OF  THE  LATE  CENOZOIC  THICK-SKINNED 
CRUSTAL  DEFORMATION  IN  CENTRAL  ASIA 
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Topographic  and  gravity  data  show  that  large-scale  topographic  undulations  in  Central 
Asia  occur  at  surprisin^y  constant  wavelength.  Three  dominant  wavelengths  (5-10  km, 
50-60  km  and  350  km)  superimposed  on  each  other  can  be  distinguished  The  long- 
wavelength  folding  north  of  the  Himalayan  collision  belt  is  similar  to  folding  of  oceanic 
lithosphere  in  the  Indian  Ocean  south  of  the  Himalayas.  This  symmetiy  suggests  a 
common  origin,  namely  regionally  high  compressional  intraplate  stress  induced  by  the 
collision  of  the  Indo-Australian  with  the  Eurasian  plate.  We  present  results  of  two- 
dimensional  finite  element  models  of  the  mechanical  response  of  continental  lithosphere 
with  a  complex  multi-layered  rheology  and  subjected  to  compressive  loading.  The 
observed  first-order  undulations  are  reproduced  only  by  plate  models  with  a  thetmal  age 
of  less  than  100  Ma.  This  is  in  agreement  with  geological  data  suggesting  Cenozoic 
thermal  rejuvenation  of  Central  Asia.  The  second  order  undulations  most  likely  refiect 
the  folding  of  the  crust  which  is  decoupled  from  the  underlying  subcrustal  lithosphere. 
Third  order  undulations  are  caused  probably  by  folding  of  the  mechanically  strong 
upper  crust.  The  thermally  rejuvenated  lithosphere  of  Central  Asia  is  mechanically 
wi^er  than  the  surrounding  areas,  because  of  the  strong  influence  of  the  increased 
tempeiamre  on  the  yield  strength.  Our  models  suggest  that  this  thermal  weakening  may 
explain  why  the  Cenozoic  cmstal  deformation  occurs  only  in  Central  Asia. 


Cenozoic  structural  evolution  of  the  Pannonian  basin: 

PALEOSTRESS  DATA  AND  FINITE  ELEMENT  STRESS  MODELS 

Gabor  Bada^.  Sierd  Cloetingh^,  L4szl6  Fodor'  and  Frank  Horvath’ 
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Using  all  available  paleostress  data,  seven  main  structural  events  are  separated  in  the 
Pannonian  basin  and  surrounding  Alpine  belts  that  are  delicately  reflected  in  the 
evolution  of  the  paleostress  fields.  The  combined  analysis  of  stress  indicators  and 
the  results  of  finite  element  stress  modelling  have  shown  that  the  state  of  stress  in 
this  region  was  governed  by  distinct  tectonic  factors.  A  strong  correlation  exists 
between  the  observed  stress  pattern  and  the  boundary  conditions  effecting  the  area. 
Of  key  importance  is  the  relatively  continues  northward  drift  of  the  Adriatic 
microplate  with  respect  to  Europe.  As  a  result,  active  shortening  at  the  South  Alpine 
-  Dinaric  front  played  an  important  role  in  the  stress  evolution  throughout  Cenozoic 
times.  The  formation  and  evolution  of  the  Pannonian  basin  system  was  mainly 
controlled  by  two  additional  processes  during  Neogene  through  Quaternary  times. 
First,  subduction  of  the  European  plate  beneath  the  internal  (i.e.  ALCAPA  and 
TIsza-Dacia)  units  resulted  in  a  slab  pull  force  at  the  outer  Carpathian  front  which 
may  account  for  both  tension  (stress)  and  extension  (strain)  observed  in  the 
Pannonian  basin.  Second,  body  forces  arising  from  density  contrasts  induced  by  the 
overthickened  orogenic  crust  in  the  Eastern  Alps  and  the  presence  of  an 
asthenospheric  dome  beneath  the  basin  centre  could  have  also  significantly 
influenced  the  reconstructed  stress  pattern. 


FAULTING,  FRACTURING  AND  IN-SITU  STRESS  PREDICTION  IN 
HYDROCARBON  RESERVOIRS:  A  FINITE  ELEMENT  APPROACH 

Fred  Beekman  and  Jan-Diedetik  van  Wees 

Faculty  of  Earth  Sciences,  Vrije  Universiteit  Amsterdam,  Netherlands 
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The  finite  element  method  is  used  to  compute  in-situ  stresses  and  rock  deformation 
in  a  hydrocarbon  bearing  fault-propagation-fold  structure,  and  to  predict  reservoir 
fracturing  as  a  function  of  material  properties,  structural  position  and  tectonic  stress. 
Two-dimensional  plane-strain  end-member  models  show  that  the  presence  of  a  thick 
shale  layer  leads  to  a  mechanical  decoupling  of  the  structural  deformation  of  the 
shallower  sediments  from  the  underlying  sediments  and  basement.  All  models 
predict  rock  fracturing  to  initiate  at  the  surface  and  to  expand  with  depth  under 
increasing  horizontal  tectonic  compression.  The  stress  regime  for  the  formation  of 
new  fractures  changes  from  compressional  to  shear  with  depth.  If  pre-existing 
fractures  exist,  only  (sub)horizontal  fractures  are  predicted  to  open,  thus  defining  the 
principal  orientation  of  effective  reservoir  permeability.  In  models  which  do  not 
include  a  blind  thrust  fault  in  the  basement,  flexural  amplification  of  the  initial  fold 
structure  generates  additional  fracturing  in  the  crest  of  the  anticline.  The  folding- 
induced  fracturing  expands  laterally  along  the  stratigraphic  boundaries  under 
enhanced  tectonic  loading.  Models  incorporating  a  blind  thrust  fault  correctly  predict 
the  formation  of  secondary  syn-  and  anti-thetic  mesoscale  faults  in  the  basement  and 
sediments  of  the  hanging  wall.  The  faults  divide  the  structure  in  compartments  with 
different  levels  of  stress  and  rock  failure.  Some  faults  cut  reservoir  and  seal  layers, 
and  thus  may  affect  seal  integrity  and  influence  effective  reservoir  permeabihty. 


STRUCTURAL -FORMATIONAL  MODELLING  OF 
SEDIMENTARY  BASINS 


Lateral  diapiric  emplacement  of  Triassic  evaporites  at  the  southern 
auRGiN  OF  THE  Guadalquivir  Basin,  Spain 


S.K.Barykin,  l.A.Mushin,  VNllGeofizika,  Moscow,  Russia, 
mushin@sfigeo.msk.su 

The  methodology  of  the  structural-formational  interpretation  (SFI)  for 
the  earth  crust  and  upper  mantle  study  of  sedimentary  basins  is  based  on 
the  three  interaction  methodical  technologies:  structural-formational 
analysis,  seismic  modelling  and  geological  processes  modelling.  SFI 
operates  by  the  quantative  seisraogeological  earth  crust  models  and 
possesses  powerful  means  of  automatic  processing.  Spectral-time 
analysis  and  range  structural-formational  approach  in  investigations  of 
crust-mantle  and  sedimentary  formations  characterize  the  inner  structure 
and  genetic  interrelations  between  structural  -  deforraative  bodies  crust 
and  sedimentary  cover.  Modelling  on  base  SFI  includes:  logical 
hierarchic  dismemberment  earth  crust  of  the  sedimentary  basin  on  the 
seismoformational  and  tectonomagmatic  complexes,  seismoformations 
and  crust-mantle  heterogeneties;  tectonoformational  complexes  and 
depth  fault  zones  of  different  age  correlation;  paleotectonic  and 
paleogeographic  seismofacial  analysis;  geological  processes  modelling 
and  seismogeologic  model  of  lithosphere  sedimentary  basin  construction. 
SFI  successfully  use  for  interpretation  of  the  materials  regional  depth 
investigations  by  the  method  of  converted  waves  from  earthquakes  - 
deep  seismic  sounding  (MWCE-DSS)  and  CDP  in  complex  with  well¬ 
logging  data  in  different  oil-gas  -  and  ore-bearing  regions  in  Russia. 
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The  Guadalquivir  Basin  is  the  Neogene  foreland  basin  of  the  Central  and  Western 
Betic  thrust  belt  in  southern  Spain.  At  the  boundary  between  the  basin  and  the 
outcropping  thmst  nappes  of  Mesozoic  limestones  is  a  broad  belt  of  outcrops  of 
Triassic  evaporitic  sediments  with  scattered  younger  rocks  -  the  so-called 
'Olistostrome'  unit.  This  is  highly  deformed  and  its  mode  of  emplacement  has  been 
traditionally  attributed  to  olistostromal  debris  flow,  diapirism,  or  tectonic  melange. 
Studies  of  outcrop  data  in  conjunction  with  seismic  and  well  data,  integrated  using 
restorable  cross-sections  lead  us  to  propose  the  following  sequence  of  emplacement 
mechanisms:  a)  Loading  above  a  Triassic  evaporite  formation  by  north  vergent 
thrusting  of  thick  nappes  of  Mesozoic  sediments,  causes  northward  expulsion  of 
evaporitic  sediments;  b)  continued  thrust  loading  drives  the  diapiric  body  forwards 
ahead  of  the  thrust  belt,  into  the  floor  of  the  deepening  Miocene  foreland  basin;  c) 
when  the  diapiric  body  reaches  the  sea-floor  of  the  basin,  its  top  becomes  subject  to 
modification  by  sedimentaiy  processes  such  as  dissolution  of  evaporites  leaving  a 
cap  rock  and  debris  flow,  both  submarine  and  subaerial  but  rarely,  if  ever,  forming 
true  olistostrome;  and  d)  at  the  leading  edge  of  the  diapir,  northward  compression  of 
Miocene  basin  sediments  results  in  thin-skinned  thmsting  within  these  sediments, 
and  formation  of  duplex  structures  with  a  north-dipping  monoclinal  deformation 
front.  Results  from  analog  and  numerical  modelling  match  the  main  geological 
features  observed  in  the  study  area,  thus  supporting  the  plausibility  of  the  proposed 
lateral  diapiric  emplacement  of  the  chaotic  body. 
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THERMOCONVECTIVE  INSTABILITY  OF  THE  LITHOSPHERE 
AND  SEDIMENTARY  BASINS  FORMATION 

B.  I .  Birger 
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Moscow  123810, Russia,  birger@pgl2.iephys.msk.ru 

The  thermoconvecti ve  stability  of  the 

continental  lithosphere  is  analysed.  The 

lithosphere  is  modelled  as  a  horizontal  layer 
heated  from  below.  For  small  strains  the 
rheology  is  described  by  the  linear  integral 
law  which  reduces  to  the  Andrade  law  for 
transient  creep  in  the  case  of  constant  stress. 
The  upper  boundary  of  the  layer  is  considered 
as  an  isothermal  deformable  surface  loaded  by 
sediments  the  thickness  of  which  is  changed 
with  time.  Sedimentation  and  erosion  are 
described  by  the  diffusion  equation  where  the 
erosional  transport  coefficient  is  much  less 
than  the  deposit! onal  coefficient.  Solving  the 
stability  problem  we  find  the  dependence  of 
sediments  thickness  on  time  which  is  consistent 
with  the  observed  age-depth  relation  for 

sediments  from.the  Williston  Basin. 

-JT 


EROSIONAL  FORCING  ON  THE  BASIN  ENVOLUTION 

E.B.  Burovdl  A.  Poliakov(2),  S.  Cloetingh(3) 
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Most  basins  are  characterized  by  very  important  quantities  of  the 
sediments  (5  to  20  km).  Corresponding  volumes  of  the  material 
are  comparable  with  the  local  changes  in  the  volume  of  the  crust 
submitted  to  extension/subsidence.  It  is  logical  to  assume  that  the 
way  in  which  the  material  is  being  deposited  and  eroded  is  as  im¬ 
portant  as  the  way  in  which  it  is  being  deformed  tectonically.  Thus 
a  kind  of  feedback  should  exist  between  the  mechanical  evolution 
of  the  basin  and  surface  process.  We  conducted  numerical  simula¬ 
tions  of  simultaneous  extension,  erosion  and  subsidence.  Our 
results  show  that  the  surface  processes  can  significantly  change 
the  rate  and  style  of  extension  and  subsidence  of  the  basin  and 
evolution  of  its  shoulders.  For  example,  under  the  same  boundary 
and  Initial  conditions,  intensive  erosion/sedimentation  during  the 
rifting  "creates"  a  much  larger  basin,  with  almost  2  times  greater 
"apparent'  coefficient  of  extension.  This  can  obviously  change  ex¬ 
isting  interpretations  of  the  style  of  extension  and  estimates  of  the 
rate  of  the  post-rifting  subsidence  derived  from  the  conventional 
models.  The  other  obvious  result  Is  that  the  surface  processes 
greatly  influence  the  geometry  and  evolution  of  the  rift  shoulders, 
and  distribution  and  evolution  of  the  faults  . 


COMPARISON  AND  INTEGRATION  OF  GEOPHYSICAL 
AND  SEDIMENTOLOGICAL  DATA  FOR  BASIN  MODELING 
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Shallow  sedimentary  basins  developed  on  the  North  American  craton 
are  ideal  to  experiment  with  the  comparison  and  integration  of  earth- 
science  data.  Many  basins  have  been  explored  for  hydrocarbons  and 
multitudes  of  reliable  data  are  available.  A  comparison/integration 
technique  was  developed  for  a  quick  first  approach  to  obtain  basic 
information  on  the  formation  and  deveiopment  of  a  sedimentary  basin. 
The  technique  requires  the  gridding  and  standardization  of  spatial  data 
to  use  for  a  pairwise  comparison  of  each  dataset,  graphically 
represented  by  a  dendrogram,  and  a  stacking  of  datasets  to  compute 
an  integrated  resultant  map.  Results  of  the  integration  are;  (1)  a 
spatial  representation  of  the  areas  of  similarities  and  dissimilarities  and 
(2)  a  correlation  coefficient  giving  the  overall  similarity  expressed  as 
a  percent.  This  approach  has  been  used  to  determine  the  relationship 
between  variables  and  which  variable  or  combination  can  predict  other 
variable(s)  in  the  Cherokee  Basin  (Kansas,  USA). 


TECTONIC  AND  CLIMATIC  INFLUENCES  ON  LATE 
CENOZOIC  MOUNTAIN  BUILDING  AND  BASIN  FORMATION 
IN  EAST-CENTRAL  ASIA 
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The  Late  Cenozoic  in  the  Tian-Shan,  Altai,  Sayan  and  Baikal  regions  of  Central 
Asia  is  a  period  of  synchronous  active  mountain  range  and  sedimentary  basins 
formation.  Three  independent  factors  control  the  crustal  and  topographic  evolution: 
upper  mantle  processes,  far  field  stresses  and  climate  change.  The  simultaneous 
tectonic  intensification  over  a  wide  area  in  Central  Asia  in  Late  Pliocene  -  Early 
Pleistocene  suggests  a  plate-scale  phenomenon.  However,  this  seems  unrelated  to 
plate  boundary  forces,  since  no  significant  changes  are  evident  in  plate  boundary 
kinematics  and  convergence  rate  around  3  Ma.  An  alternative  cause  might  be 
located  in  the  Asian  plate  itself.  A  possible  candidate  is  the  delamination  of  Tibet 
which  can  generate  compressive  forces  north  of  the  Tibet  Plateau,  in  the  same  order 
of  magnitude  as  far-field  tectonic  forces.  The  apparent  increasing  of  mountain 
ranges  uplift  rate  in  the  Middle-Late  Pleistocene  is  even  a  more  global  event,  since 
this  has  been  observed  worldwide.  Global  climate  cooling  could  be  such  an  event. 
By  intensification  of  erosion,  it  accelerated  the  material  transfer  from  the  mountain 
ranges  to  the  sedimentary  basins  and  the  isostatic  compensation  will  cause 
additional  relative  uplift  of  the  mountain  ranges  and  subsidence  of  the  basins, 
triggering  the  system. 


Gravity  anomalies  used  in  3D-basin  analysis  of  the  Dutch  on-  and  offshore. 
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The  different  densities  of  the  sub-cropping  rock  units  within  a  basin  significantly 
affect  the  observed  Bouguer  anomaly.  This  study  aims  to  construct  a  3D  gravity 
model  of  the  Dutch  on-  and  offshore,  with  respect  to  subsurface  density  variations 
and  will  contribute  to  a  deeper  understanding  of  the  subsidence  history  of  this 
region.  The  problem  is  approached  by  digitising  key  horizons  (base  Tertiary,  base 
Cretaceous,  base  Permian,  lop  basement  and  Moho).  The  gravity  effect  of  the  basin 
model  is  then  derived  using  either  a  linear-  or  exponential  density  depth  function 
for  the  region  of  the  horizon  interval  map  and  subtracted  from  the  total  field.  The 
residual  field  is  derived  from  deeper  sources  including  Moho  topography  and 
anomalous  densities  in  the  sedimentary  succession.  Providing  constraints  on 
compaction  trends  in  the  Dutch  on-  and  offshore,  the  gravity  modelling  enhances 
evaluation  of  maximum  burial  depth,  quantification  of  erosion  magnitudes,  periods 
of  non-sedimentation  and  original  thickness  and  composition  of  eroded  rocks. 
Coupled  studies  using  various  data  sets,  like  seismic-  and  well  log  interpretation  as 
well  as  vitrinite  reflectance  and  fission  track  analysis  will  enable  the  construction  of 
detailed  4D  models  of  the  subsidence  history  of  the  Dutch  on-  and  offshore.  This 
technique  will  significantly  improve  the  knowledge  of  chronological  and  lateral 
constraints  for  basin  evolution. 


NORTHERN  FORE-CAUCASUS  MOLASSE  BASIN:  BURIAL  HISTORY 
AND  FLEXURAL  MODELLING 
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Fore-Caucasus  basin  was  originated  in  Triassic  time  as  a  rift  basin  and  later  has 
suffered  several  episodes  of  extension  and  compression.  We  focus  mainly  on  the  Late 
Cenozoic  collisional  history  of  the  basin  which  started  in  Oligocene  by  a  broad 
subsidence  caused  probably  by  deep  processes  in  upper  mantle.  From  Middle 
Miocene  the  Great  Caucasus  orogen  and  foredeep  basins  were  formed.  We  present  the 
results  of  flexural  and  gravity  modelling  for  different  parts  of  the  Caucasus  and  its 
foreland.  The  formation  of  molasse  basin  is  correlated  with  orogenesis  of  Great 
Caucasus  mountain  but  the  topographical  loading  itself  is  not  sufficient  to  induce 
observed  subsidence  and  does  not  explain  observed  in-plane  basin  configuration. 
The  deepest  areas  of  foreland  basin  are  on  the  tips  of  orogen  where  mountain  heights 
are  negligible  and  Central  Caucasus  area  adjacent  to  the  highest  mountain  is  uplifted 
now.  To  produce  good  fit  with  the  gravity  and  basin  architecture  we  put  additional 
controls  into  the  model:  subsurface  loading,  crustal  and  lithospheric  thickening, 
removal  of  lithospheric  roots  and  bending  momentum.  This  allows  us  to  obtain 
good  fit  in  the  Central  and  Eastern  Caucasus,  but  for  the  orogen  edges  the  fit  is  not 
good  enough  and  this  problem  required  further  development.  Found  EET  values  are 
near  50-60  km  for  eastern  and  10-20  km  for  western  parts. 
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In  the  Late  Carboniferous  (Pennsylvanian)  the  Variscian  foreland  of  Western 
Europe  was  formed  north  of  the  Variscian  deformation  front  and  extended 
800  km  parallel  to  the  Variscian  front.  A  newly  developed  high  resolution  time- 
scale  based  on  sedimentary  records  of  the  Late  Carboniferous  in  the  Ruhr 
Basin  makes  quantitative  basin  analysis  in  broad  areas  of  the  North  Sea  Basin 
possible.  The  results  suggest  different  dynamic  scenarios  simulated  by  finite 
element  investigations. 

Finite  element  studies  allow  to  combine  geological  and  geophysical  knowledge 
with  the  physical  behavior  of  the  lithosphere  to  study  the  development  of  fore¬ 
land  basins.  In  a  first  step  different  3-dimensional  models  are  compared  to  the 
evaluated  subsidence  of  the  Variscian  foreland.  The  second  step  takes  erosional 
and  sedimentary  processes  into  account  to  investigate  their  influence  on  the 
subsidence  and  the  tectonic  development  of  the  foreland.  The  boundary  con¬ 
ditions  of  the  FE-models  are  crucial  for  the  development  of  the  models  and 
for  the  results.  Therefore,  these  boundary  conditions  have  to  be  studied  very 
carefully  in  order  to  archive  results  only  depending  on  the  physical  properties 
of  the  rock  and  the  geological  structure. 


NUMERICAL  MODELING  OF  THE  EVOLUTION  OF  THE 
GUADALQUIVIR  FORELAND  BASIN  (SOUTH  SPAIN). 

D.  Garcfa-Castellanos.  M.  Fernandez  and  M.  Tome  (Institute  of  Earth 
Sciences  J.  Almera,  CSIC,  Sole  Sabaris  s/n,  08028  Barcelona,  Spain). 

2D  and  3D  numerical  modeling  has  been  applied  in  the  Betics-Guadalquivir 
region  to  relate  the  geometry  of  the  basin  sediments  with  the  emplacement 
of  the  Betic  thrust  sheets  and  with  the  mechanical  behavior  of  the  Iberian 
lithosphere.  The  numerical  models  include  non-instantaneous  loading 
(lateral  thrust  emplacement),  surface  processes  (erosion  and  sedimentation), 
and  the  mechanical  behavior  of  the  lithosphere  (thin  plate  and  rheological 
models).  The  results  show  that  a  thin  plate  elastic  model  can  fit  the 
basement  deflection  when  a  hidden  subcrustal  load,  in  addition  to 
topographic  and  paleobathymetric  loads,  is  considered.  On  the  basis  of 
geoid  and  gravity  observations,  we  interpret  the  hidden  load  as  the 
consequence  of  lithospheric  thickening  under  the  basin  and  the  Betics.  To 
explain  the  basin  infill  geometry,  it  is  necessary  to  apply  either  a 
multilayered  rheology  or  a  viscous  relaxation  after  the  load  emplacement  or 
a  combination  of  both  models.  Extensional  faults  observed  in  the  basement, 
which  occur  during  the  beginning  of  the  basin  formation,  are  explained  by 
using  a  flexural  model  with  multilayered  rheology. 


PRESENT-DAY  STRAIN  AT  THE  MID-NORWEGIAN  MARGIN 

M.  G6lke.  J.D.  van  Wees,  R.  van  der  Meer,  R.  Karpuz',  A.  Wilhelms',  F. 
Beekman,  S.  Cloetingh 
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iNorsk  Hydro  Research  Centre,  P.O.  Box  200, 5020  Bergen,  Norway 

Predictions  on  present-day  lithosphere  strength  across  the  Voring  Margin  are 
incoiporated  in  two  dimensional  finite  element  models.  The  modelling  aims  to 
analyse  deformation  patterns  and  to  describe  implications  of  lateral  lithosphere 
strength  variations  on  the  stress  field  within  the  Cretaceous-Cenozoic  sediments. 
The  modelling  results  indicate  localisation  of  horizontal  and  vertical  strain  at 
Moho  depth  beneath  the  Helland  Hansen  Arch.  Strain  localisation  at  depth  is 
accompanied  with  doming  of  the  surface.  Despite  the  mechanical  decoupling  of 
sedimentary  cover  and  upper  crust  from  sub-crustal  domains,  sub-crustal 
mechanical  properties  influence  the  surface  topography.  The  results  suggests  that 
for  an  estimated  lithosphere  strength  configuration,  surface  topography  differs  in 
magnitude  only  with  respect  to  changes  in  the  far-field  stress.  In  contrast, 
modifications  of  lithosphere  strength  results  in  an  altered  surface  geometry. 
Within  the  sediments  stresses  are  deflected  at  the  basin  margin.  At  the  location  of 
the  Helland  Hansen  Arch  stresses  concentrate  at  depths  of  about  4  km.  The 
predicted  high  stresses  at  this  depth  may  induce  overpressure,  which  would 
represent  a  likely  explanation  for  the  observed  poor  seismic  resolution. 


BOTHNIAN  SEA  -A  MESOPROTEROZOIC  EXTENSIONAL  BASIN 

Pekka  J.  Heikkinen  (1),  Annakaisa  Koija  (1)  and  Sven  Aaro  (2) 

(1)  Instit.  Seismology,  Univ.  Helsinki,  (2)  Geological  Survey  of  Sweden 
Pekka.Heikkinen@seismo.helsinki.fi/Fax:  +358-9-70844430 

The  Bothnian  Sea  is  located  on  the  Fennoscandian  Shield  between  Southern  Finland 
and  Central  Sweden.  The  Paleoproterozoic  Svecofennian  bedrock  is  covered  by 
Mesoproterozoic  Jotnian  sandstone  and  younger  Cambrian  and  Ordovician 
sediments.  The  Bothnian  Sea  sedimentary  basin  is  composed  of  several  inter¬ 
connected  basins  which  are  partly  exposed  on  land.  The  new  marine  gravity  data 
together  with  the  deep  reflection  and  refraction  data  of  the  BABEL-experiment  are 
used  as  data  for  our  interpretation  of  the  origin  of  the  sedimentary  basins. 

In  the  south  the  basin  is  a  thin-skin  basin  developed  on  top  of  listric  shear  zones  that 
can  be  traced  to  the  sea  bottom.  The  continuation  of  the  Satakunta  sandstone  graben 
is  seen  as  a  V-shaped,  high-angle  normal  fault  bounded  graben  flUed  with  granitic 
material.  The  normal  faults  which  are  at  cross  angles  with  the  listric  shear  zone  are 
interpreted  as  transfer  faults.  The  north-eastern  part  of  the  basin  comprises  of  a  3-4 
km  deep  sedimentary  basin  on  top  of  rapakivi  granite  laccolith.  The  sedimentary 
basin  as  well  as  the  underlying  granite  are  intruded  by  highly  reflective  dolerite  rills. 
The  lower  crust  underneath  is  highly  reflective  and  concave  upwards.  Listric 
reflectors  flatten  out  in  this  layer  as  well.  Underneath  a  new  flat  Moho  has  developed. 
The  sedimentary  basin  is  interpreted  as  a  thermal  subsidence  basin  that  resuhed  from 
cooling  of  the  extended  lithosphere  and  underlying  granite.  The  crustal  structure 
resembles  closely  Coward’s  model  for  heterogeneous  streching  of  the  lithosphere. 


THE  DEEP  STRUCTURE  OF  THE  DEAD  SEA 
A.  Ginzburg  and  Z.  Ben-Avraham 
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In  order  to  get  a  good  estimate  of  the  depth  to  basement  in  the  Dead  Sea  a 
seismic  refraction  experiment  involving  the  use  of  9  OBS  and  11  portable  seis¬ 
mic  l2ind  stations  was  conducted  along  a  north-south  profile  in  the  north  basin 
of  the  Dead  Sea.  The  velocities  obtained  from  the  seismograms  were:  2.0  km/s 
representing  the  Pleistocene  sediments  followed  by  a  4.2  km/s  layer  which  is 
present  at  some  OBS  location  and  represents  evaporites.  This  layer  is  in  turn 
followed  by  a  3.0  km/s  layer  which  represents  pre-PIiocene  sediments.  The  crys¬ 
talline  crust  is  represented  by  a  6.0  km/s  velocity  layer.  The  interpretation  of 
the  recorded  seismogarams  indicates  the  presence  of  two  large  Pliocene  salt  di- 
apirs  in  the  young  basin  fill.  The  basement  lies  at  a  relatively  shallow  depth  (5-6 
km)  under  the  north  basin.  Further  south  along  the  profile  a  major  fault  was 
detected.  This  major  faulting  with  a  downthrow  of  some  4-5  km  has  depressed 
the  crystalline  basement  and  the  overlying  Cretaceous  and  pre-Cretaceous  sed¬ 
iments  in  the  southern  basin  of  the  Dead  Sea.  The  faulting  was  followed  by  the 
deposition  of  over  8  km  of  Recent  and  Tertiary  sediments  resulting  in  a  14  km 
thick  sedimentary  sequence  in  the  south  basin  of  the  Dead  Sea.  Partial  Moho 
reflections  indicate  that  the  crust  is  27-30  km  thick.  The  seismic  data  and  the 
model  for  the  deep  structure  of  the  Dead  Sea  are  presented. 


3D  SEISMIC  REFRACTION  TOMOGRAPHY  OF  OCEAN  BOTTOM 
HYDROPHONE  DATA  RECORDED  OFFSHORE  VALPARAISO. 
CHILE 

A.  M.  Hojka  (GEOMAR,  Kiel),  C.  Zelt  (Rice  University,  Houston, 
Texas)  and  E.  R.  Flueh  (GEOMAR,  Kiel)  (ahojka@geomar.de) 

Offshore  Chile  (32“  •  33“  S),  the  Juan  Fernandez  aseismic  ridge 
subducts  into  the  Chile  Trench  at  a  rate  of  approximately  100  mm/y. 
The  Valparaiso  forearc  basin  lies  opposite  the  subducting  ridge  at  a 
midslope  depth,  one  of  only  a  few  significant  basins  along  the  central 
Chilean  margin.  The  study  region  is  also  a  site  of  large  historical 
earthquakes  and  enhanced  shallow  seismicity  relative  to  areas  north  and 
south  along  the  margin. 

To  investigate  the  influence  of  seamount  subduction  on  the  margin 
structure  and  its  relationship  to  the  local  seismicity  pattern,  seismic 
wide-angle  data  were  collected  during  the  cruise  of  RV  SONNE  103  in 
1995.  Both  in-line  (2D)  and  off-line  (3D)  data  were  acquired  with 
ocean  bottom  hydrophones  using  a  star-shaped  network  of  10 
intersecting  lines.  The  resulting  data  constrain  the  crustal  velocity 
structure  in  3D  over  a  85x85  km  region  to  *-20  km  depth,  including  the 
Valparaiso  Basin,  the  frontal  collision  zone,  the  continental  upper  crust, 
and  the  top  of  the  subducting  oceanic  plate. 

This  presentation  will  show  results  of  a  first  arrival  travcltime  inversion 
using  a  fiilly  3D  tomographic  method  incorporating  regularization. 
Hydrosweep  swathmapping  and  coincident  deep  and  high-resolution 
seismic  reflection  data  were  taken  into  account  to  develop  a  true  3D 
inversion  starting  model  and  constrain  the  results. 
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APPLICATION  OF  THE  GEOPHYSICAL  DATA  FOR  SEDIMENTARY 
BASIN  INVESTIGATION. 

L.I.Ioganson,  N.Ya.Kunin .  N.V.Miletenko 
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^iplication  of  the  geophysical  data  for  investigation  of  the  sedimentary  basins 
allows  to  determine  some  important  features  of  the  structure  and  development  of 
these  interesting  geologic  phenomenas.  Thus,  the  analysis  of  the  structure  and 
composition  of  the  consoli^ted  crust  of  the  sedimentary  basins  within  Euroasia 
shows  that  its  thickness  and  composition  are  greytly  varied  in  West,  Central  and 
East  parts  of  the  continent  and  depend  on  the  geotectonic  environment,  where 
sedimentary  basins  formed.  The  reduced  suboceanic  consolidated  crust  is 
characteristic  for  sedimentary  basins  located  in  the  West  and  East  Euroasia,  where 
destructive  processes  are  widespread.  On  the  contrary,  in  the  Central  part  of  the 
continent,  where  the  constructive  pocesses  of  the  increasing  of  the  Earth's  crust 
take  place,  the  thickness  of  the  consolidated  crust  within  sedimentaty  basins  is 
comparable  with  it  in  the  neighbouring  otogenic  and  platform  areas  Crust 
composition  in  these  basins  is  more  complicated:  there  are  seseral  layers  with  high 
and  low  velocities.  The  seismostratigraphic  analysis  of  the  sedimentaty  covers 
supplies  the  rich  additional  information  on  peculiarities  of  basin's  developent  The 
large  sedimentical  cycles  may  be  detected,  cormected  to  certain  tectonic  stages  of 
the  whole  geotectonic  region.  Besides,  some  subtle  peculiarities  of  the  sedimentaty 
covers  may  be  used  for  clariiicatian  of  the  sedimentaty  process 


THE  DEVONIAN  TO  PERMIAN  SUBSIDENCE  MECHANISMS 
OF  THE  EAST  EUROPEAN  BASINS 

A.  Ismail-Zadeh 
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The  mechanisms  of  basin  evolution  are  examined  to  explain  the  rapid  sub¬ 
sidence  of  the  basins  since  the  Devonian.  Models  of  these  mechanisms  are 
compared  with  seismic,  gravity,  heat  flow,  and  Devonian  magmatism  observa¬ 
tions  from  the  Timan-Pechora,  Dnieper-Donets,  Pre-Caspian,  Moscow  basins, 
and  Pre-Uralian  depression.  The  models  assume  that  the  development  of  the 
basins  has  been  affected  by  one  or  more  of  the  following  processes:  stretch¬ 
ing  of  the  lithosphere  and  thermal  decay,  mineralogical  phase  transition  in  the 
crust,  magmatism  and  eclogitization-induced  mantle  flow  in  the  uppermost 
mantle,  subduction  under  the  platform,  and  continental  collision.  While  some 
features  of  basin  evolution  are  in  good  agreement  with  one  of  the  mechanisms, 
no  speciflc  model  can  explain  all  features  of  the  platform  basins.  Non-uniform 
stretching  and  magniatism-eclogitization  mechanism  may  explain  the  Devonian 
subsidence  of  the  Dnieper-Donets,  Timan-Pechora,  and  Pre-Caspian  basins. 
The  thermal  decay  and  subduction-induced  mantle  flow  is  likely  to  be  respon¬ 
sible  for  the  Devonian  to  Permian  subsidence  of  the  Moscow  basin,  whereas 
the  continental  collision  greatly  affected  on  the  evolution  of  the  Pre-Uralian 
depression. 


IDENTinCATION  OF  SEDIMENT  DISPERSAL  PATHWAYS  USING  3D 
PALINSPASTIC  RECONSTRUCTION. 
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In  areas  of  structural  complexity,  the  current  location  of  sediment  migration 
pathways  and  the  extent  of  facies  belts  may  be  difficult  to  determine  as  their  current 
dip  and  structural  configuration  may  be  different  to  that  at  the  time  of  deposition. 
Three-dimensional  structural  modeling  allows  horizons  to  be  'reconstructed'  into 
their  pre-deformation  configuration  by  sequentially  removing  each  horizon  using  a 
combination  of  3D  kinematic  algorithms  and  decompaction.  The  kinematic 
algorithms  model  the  deformation  of  horizons  as  they  are  moved  over  fault  planes, 
maintaining  the  rock  volume  in  the  model  to  achieve  a  pre-deformation  morphology. 
Three-dimensional  decompaction  allows  the  effects  of  differential  sediment 
compaction  to  be  modelled  for  each  horizon. 

At  each  stage  of  reconstruction  a  palinspastic  topographic  map  of  the  surface  at  its 
time  of  deposition  is  generated  and  highiights  locations  where  basins  may  be 
underfilled,  or  where  a  regional  dip  is  present.  Sediment  dispersal  pathways  can  then 
be  mapped  onto  these  horizons  to  determine  the  main  sediment  transfer  fairways. 
This  is  achieved  using  a  geometrical  algorithm  to  create  down-dip  paths,  using  the 
maximum  angle  on  each  facet  of  the  model,  effectively  mapping  the  pattern  of 
sediment  flow  around  topographic  features  identifying  sediment  traps  and  fairways. 
This  technique  gives  far  greater  control  to  sedimentary  facies  modeiiing,  especially 
in  areas  where  data  is  obtained  from  isolated  well  information,  and  hence  greatly 
reduces  risk  where  the  reservoir  quaiity  is  controlied  by  facies  variations. 


BOyCK  MENDERES  MULTIPARTITE  GRABEN 
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In  the  southern  parts  of  central  western  Anatolia,  the  initial  E-W  striking  Buyiik 
Menderes  graben  formed  on  a.xial  culmination  of  an  antiform  uplift  by  the  late 
Middle  Miocene.  The  graben  superimposed  onto  the  older  Late  Oligocene  to  Early 
Miocene  NE-trending  faults,  early  Middle  Miocene  N-S  faults,  and  related 
sedimentary  infillings  and  lineaments.  During  the  late  Miocene  or  early  Pliocene 
times  the  western  part  of  the  initial  graben  underwent  differential  vertical 
movement  (down  in  the  east)  across  an  older  NE-trending  deep  fiaemre.  Within  the 
context  of  regional  half  graben  tectonics  commenced  by  the  late  Pliocene,  the 
reactivation  of  the  northern  boundary  6ult  gave  rise  to  a  medial  uplift  of  the 
basement  and  a  narrow  satellite  half  graben  to  the  north,  in  the  western  part  of  the 
graben.  In  both  the  initial  southern  basin  and  the  northern  satellite  basin  the 
basement  has  attained  a  southward  tilting.  To  the  east,  the  satellite  graben  and  the 
medial  uplift  were  gradually  replaced  by  the  steeply  southward  dipping  fault  sets  of 
the  initial  northern  boundary.  Probably,  this  was  accompanied  by  northward  tilting 
of  the  basement  in  the  initial  graben,  at  least  in  places.  During  the  Quaternary 
times,  the  general  and  progressive  southward  tilting  of  the  basement  to  the  north  of 
the  multipartite  Buyiik  Menderes  graben  has  led  to  the  reactivation  of  the  older 
low-angle  shear  planes  and  consequently  present-day  faulted  boundaries  of  the 
onlapping  graben  infilling.  According  to  gravity  data,  the  sedimentary  infilling  of 
the  multipartite  graben  has  a  thickness  in  the  range  of  2.5  km 


The  quantitative  estimation  of  geological  characteristics  of  sedementary  basics  by 
geothermal  parametres 

E.  Ja.  Khodyreva,  E-Mail:  Valentin.Togulev@ksu.ru 

The  quantitative  estimation  of  horizontal  temperanire  gradients  and  the  rate  of  their 
change  with  depth  in  the  upper  layeis  of  sedimentary  thickness  is  made  on  the  basic  of 
the  statistical  analysis  of  the  results  of  long-standing  boreholes,  located  within  the 
limits  of  Dnieper-Donetz  and  Pripyat  depressions.  It  has  been  established 
experimentally  and  theoretically  that  the  view  of  function  Ghot=f(H)  depends  on  the 
relationship  of  conductive  and  convective  components  of  heat  flow.  In  the  first 
approximation  exponential  dependancy  Ghor=f(H)  is  due  to  prevalent  influense  of 
conductive  component  of  heat  flow  and  the  logorithmic  dependency  -  convective 
component.  The  connection  of  the  geothermal  field  with  the  tectonic  regime  made  it 
possible  to  introduce  the  quantiutive  estimation  of  the  coefficient  of  nonstability  of 
geological  structures  and  to  show  its  natural  increase  from  the  regions  of  ancient 
consolidation  to  young  structures  of  increase  geothermal  activity. 


MODELLINO  OF  THE  BARENTS  SEA  NEOTECTONICS 

Korotaev  M.V.,  NUdshin  A.M.,  Ershov  A.V  (I)  Moscow  Slate  University.  Geological  faculty 

m  vk{gsbg.  geol .  msu.  su 

Barents  Sea  is  situated  to  the  north  from  the  East*  European  Crat(»  and  to  the  west  from  Novaya 
Zemlya.  Central  pert  of  the  basin  is  located  on  the  oceanic  crust,  originated  in  the  Late  Devonian  . 
Basin  filled  by  Paleceoic  and  Mesozoic  sediments  with  thickness  up  to  1 8  km,  the  age  of  sediments 
is  from  late  Devonian  till  Late  Cretaceous.  Sediments  of  Late  Cretaceous  and  Paleogene  are 
removed  by  erosion  on  the  most  part  ofthe  Barents  Sea  Region.  The  estimated  volume  of  the  eroded 
part  is  from  1 .5  bn  till  5*7  bn  The  analyses  of  neotectonic  movement  of  this  region  shows  uplift  of 
the  Novaya  Zemlya  on  1000  m  and  subsidence  ofthe  central  part  of  the  region  on  500  m.  On  the 
base  of  seismic  and  gravity  data  thickness  ofthe  earth  crust  in  the  region  is  vary  from  40  km  to  20- 
25  bn.  The  thickness  of  tte  upper  crust  decrease  from  IS  km  till  0  km.  So.  thickness  ofthe  lower 
crust  in  the  centra]  part  ofthe  ^in  is  I2-1S  km.  Wide  positive  anomalies  in  gravity  field  is  situated 
on  the  East  -  Barents  Sea  basin.  In  the  nnth-eastem  part  of  the  Novaya  Zemlya  the  manifestation  of 
the  Cenozoic  volcanism  (10  Ma)  are  found  (volcanic  pipes  with  basic  and  ultra-basic  lavas). 
Analysis  of  the  neotectonic  map  shows  that  maximal  uplifts  2(X>-I000  m  correspond  with  ^elds 
and  orogens  around  Barents  Sa  (Baltic  Shield  and  Novaya  Zemlya),  and  nwcimal  subsidence  (-350 
m  )  movement  are  in  marginal  graben  and  East-Barents  ^  depr^ion.  Proposed  time  of  the 
movement  is  Pliocene  •  (^ternary. 

3  profiles  across  East-  Barents  ^  basin  and  Novaya  Zemlya  were  modelled.  We  suggest  that 
neotectonic  movements  were  caused  by  intraplate  compression  accompanied  by  Novaya  Zemlya 
orogen  loading.  These  two  factors ,  superimpose  on  the  lithosphere  heterogenityes  and  induce 
flexural  bending  with  pattern  similar  to  the  neotectonic  movement.  For  the  homogenous  lithosphere 
the  force  inducing  elastic  buckling  is  too  high.  But  the  presence  of  the  pre-deformalional  syncline- 
like  lithosphere  structure  reduces  force  necessary  to  induce  vertica]  suMdcnce.  We  have  received 
results  of  the  modelling  close  to  natural  profiles  of  the  neotectonic  movements. 
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Problems  of  salt  dynamics  for  3D-backstrlpplng 
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-  GERMANY,  e-mail:  geochris@gfz-potsdam.de 

Salt  layers  often  play  an  important  role  in  subsidence  history  of  sedimentary 
basins  and  for  the  exploration  of  mineral  and  energy  resources.  Because  of 
its  specific  physical  parameters  and  unusual  behaviour  in  deformation 
processes,  it  causes  a  wide  variety  of  geological  structures.  Constrained 
backward  modelling  of  salt  containing  sedimentary  basins,  using  3D- 
modelling  programs  based  on  FE  methods,  helps  to  understand  salt 
movement  and  analyse  complex  processes  of  interaction  between  salt  and 
its  environment. 

In  our  study  we  use  a  3D  structural  model  of  the  Northeast  German  Basin  as 
a  starting  point  for  backward  modelling.  In  a  process  of  backstripping  we  try 
to  combine  calculation  of  pressure,  deformation  and  isostatio  balancing.  To 
simplify  this  model  we  assume  th^  salt  behaves  like  a  viscose  medium  with 
hydrostatic  balance  and  a  constant  volume  In  a  long  time  njn.  For  each  step 
in  backstripping  the  isostatic  balancing  of  all  layers  is  now  combined  with  a 
3D  smoothing  of  salt  structures,  driven  by  the  change  of  pressure,  due  to 
reconfiguration  of  its  cover  layers. 

URL:  http://www.gfz-potsdam.de/pb3/pb34/people/geochris.html 


MULTI-STAGE  TRANSTENSIONAL  EVENTS  AND 
SEDIMENTARY  RESPONSES  IN  THE  EASTERN  TYRRHENIAN 
MARGIN  (ITALY) 

A.  Milia*  and  M.M.  Torrents* 

*  DLpartimento  di  Scienza  della  Terra,  UniversitS  "Federico  II"  Napoli 
Torrente@unina.it 

The  Eastern  Tyrrhenian,  and  in  particular  the  Gulf  of  Naples,  features 
lithospheric  thinning  and  Quaternary  volcanism.  The  tectono- 
stratigraphic  analysis  of  the  peri-Tyrrhenian  Gulf  of  Naples  basin  was 
reconstructed  by  means  of  3500  km  of  seismic  reflection  data,  plus 
structural  data  of  the  basin  flank.  Transtensional  tectonics  produced 
marked  asymmetry  in  both  structural  styles  and  basin  architecture. 
Indeed,  we  recognize  three  stages  in  the  basin  evolution:  (1)  formation  of 
an  half-graben  basin  filled  by  a  Transgressive-Regressive  cycle  (Middle 
Pleistocene);  (2)  asymmetric  subsidence  producing  accommodation 
space  filled  by  a  wedge  of  Late  Quaternary  pyroclastic  deposits  (42-25 
ky  B.P);  (3)  complex  faulting  controlling  depositional  and  erosional 
processes  on  the  shelf  in  the  last  25  ky.  The  multi-stage  Gulf  of  Naples 
basin  evolution  is,  finally,  linked  to  the  activity  of  an  E-trending  left 
regional  shear  zone. 


Modelling  of  salt  dynamics  in  the  Northeast  German  Basin 

Christian  Klesner.  M.  Scheck  &  U.Bayer,  GeoForschungsZentrum  Potsdam 
-  GERMANY,  e-rtiail:  geochris@gfz-potsdam.de 

This  poster  outlines  the  Idea  how  we  try  to  handle  layers  of  salt  in 
sedimentary  basins  for  the  process  of  3D  backstripping  with  FE-programs.  It 
shows  the  problems  in  handling  salt  flow  for  backstripping  processes  as  well 
as  Its  influence  for  computation  of  paleo  topography. 

A  3D  structural  model  of  the  present  Northeast  German  Basin  is  taken  as  a 
starting  point  for  backward  modelling.  To  simplify  its  poorly  constrained 
deformation  kinematics  we  assume  that  salt  behaves  like  a  viscose  medium 
with  hydrostatic  balance.  A  Combination  of  pressure,  deformation  and 
isostatic  balancing  calculations  leads  to  results  which  takes  the  presence  of 
salt  Into  account. 

Comparing  results  based  on  different  approaches  of  salt  movement  as  well 
as  variation  in  the  underlying  crustal  structures  shows  the  influence  of  these 
parameters  for  further  calculation  and  therefore  for  the  evolution  of  this 
sedimentary  basin. 

URL:  http://www.gfz-potsdam.de/pb3/pb34/people/geoohris.html 


REGIONAL  GRAVITY  AND  AEROMAGNETIC  INVESTIGA¬ 
TION  OF  THE  TAKUTU  BASIN,  BRAZIL  AND  GUYANA 
J.  V.  Miranda  (1),  C.  J.  Ebinger  (1)  and  J.  D.  Fairhead  (1,2) 

(1)  School  of  Earth  Sciences,  University  of  Leeds  LS2  9JT,  Leeds-  UK,  (2)  Geo¬ 
physical  Exploration  Technology  -  GETECH,  c/o  School  of  Earth  Sciences. 

J. Hirandaeearth.l6ftds.ac.uk/Fax:  [44]  0113-2335259 
The  Takutu  basin  is  an  intracratonic  rift  valley  forming  an  elongated  structure 
oriented  NE-SW,  about  30  to  50  km  wide  and  300  km  long,  extending  across 
the  borders  between  Brazil  and  Guyana  and  developed  during  the  Mesozoic, 
probably  related  to  the  opening  of  the  equatorial  Atlantic.  The  depression  is  the 
site  of  low  magnetic  relief  and  negative  gravity  anomalies,  interpreted  as  being 
due  to  the  sedimentary  infilling.  We  have  undertaken  a  regional  gravity  survey 
over  the  Takutu  Basin,  with  the  objective  to  evaluate  the  tectonic  framework 
of  the  basin  and  surrounding  cratonic  region  and  to  gain  a  better  insight  of  the 
areal  extent  and  depth  to  basement.  The  only  existing  gravity  data  available, 
prior  to  this  work,  was  part  of  a  country-wide  acquisition  project  forming  a 
long  N-S  profile  in  Brazil  and  a  reconnaissance  survey  conducted  in  the  early 
1980’s  in  Guyana,  along  with  a  seismic  operation.  The  Bouguer  anomaly  map 
shows  the  regional  structural  trends  and  the  approximate  position  of  the  basin 
boundaries.  The  digital  aeromagnetic  dataset  used  was  in  the  form  of  a  1km 
data  grid  .  A  smaller  window  was  selected  ,  over  the  basin,  to  be  processed 
with  the  Euler  Deconvolution  Method.  The  method  enhanced  features  with  a 
NE-SW  trend  and  confirmed  the  location  of  known  geological  structures,  giving 
estimations  of  their  depths. 


FLEXURAL  MODEL  OF  THE  SILURIAN  BALTIC  BASIN  ON  THE 
WESTERN  MARGIN  OF  THE  EAST  EUROPEAN  CRATON 

J.  Lazauskiene  fll.  S.  Sliauna  (2),  P.  Poprawa  (3),  R.A.  Stephenson,  and  J-D.  van 
Wees  (4) 

(1)  Geological  Survey  of  Lithuania,  Lithuania,  (2)  Geological  Institute,  Lithuania, 
(3)  Polish  Geological  Institute,  Poland,  (4)  Vrije  Universiteit,  Netherlands 
saulius.sliaupa@lgt.lt/+  370  20  236  710 

The  sedimentary  record  of  the  Baltic  Basin  reveals  a  marked  increase  of  subsidence 
rate  beginning  in  the  Late  Ordovician,  accelerating  throughout  the  Silurian. 
Backstripping  analysis  indicates  that  tectonic  subsidence  rates  increase  towards  the 
SW  margin  of  the  basin,  adjacent  to  the  Caledonian  Deformation  Front  (CDF), 
where  they  reach  values  exceeding  100  m/My.  The  Silurian  succession  there  could 
be  thicker  than  3-4  km.  At  a  distance  of  600  km  from  the  CDF,  it  constitutes  some 
500  m  of  marginal  facies  carbonates.  Lithofacies  distribution  indicates  deepening  of 
the  basin  to  the  west.  Thus,  the  basin  has  the  general  characteristics  of  a  foreland 
basin  related  to  continental  convergence  processes  occurring  in  the  Caledonian 
Orogen.  However,  specific  features  of  the  basin  architecture,  including  variations  in 
its  width  and  facies  development,  are  not  obviously  explicable  by  a  model  of  simple 
foreland  flexure.  Here,  the  flexure  hypothesis  is  quantitatively  tested  using  a  3D 
modelling  technique  that  allows  a  complex  distribution  of  ioads  and  spatial 
variations  of  lithospheric  strength.  The  results  are  interpreted  in  terms  of  their 
implications  for  the  rheology  of  the  EEC  and  the  geometry  and  temporal  evolution 
of  Caledonian  foreland  loading  compared  to  independent  constraints  for  these. 


2D  AND  3D  MODELUNG  OF  THE  THERMAL 
EVOLUTION  OF  SEDIMENTARY  BASINS  AND  THEIR 
APPUCATIONS 


F.  Mongelli  and  F.  Palumbo 

Dipartimento  di  Geologia  e  Geofisica,  Unhreisiti  de^  Studi  di 
Bari,  Via  Orabona  4, 70125  Bari  -  ITALY 
FiliDDo.Palumbo@holvrood.ed.ac.uk.  Fax:  -(■39-80-5442625. 


The  study  of  the  thermal  effects  due  to  sedimentation  provides 
information  regarding  the  thermal  state  of  the  sediments  and  the 
heat  flux  coming  from  the  basement.  The  latter  is  relevant  in  terms 
of  geodynamical  interpretations.  In  this  work  we  present  a  thermal 
model  for  a  sudden  sedimentation  in  2D  and  3D;  diis  model  can  be 
extended  to  the  case  of  sedimentation  approximated  by  a  series  of 
episodes.  The  boundary  effects  determine  a  faster  thermal 
evolution  of  the  sediments  than  the  one  obtained  for  a  boundless 
basin.  However,  this  evolution  is  ruled  by  the  physical  and 
geometrical  parameters  of  the  basin  itself.  In  addition,  we  show 
some  applications  referred  to  real  sedimentary  basins. 
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NEOCENE  BASEMENT  FAULTING  AND  SUBSEQUENT  KARSTIC 
REJUVENATION:THE  OIL-BEARING  ZALA  BASIN,  SW  HUNGARY 

Annamaria  Nador-Erika  Juh^z 

Geological  Institute  of  Hungary.  H-1 143  Budapest,  Stefania  14. 
e-mail;  nador©mafi.hu  Fax:  +361-251-5669 

The  Zala  basin  in  Western  Pannonian  basin  is  an  example  to  demonstrate  the 
importance  of  pre-rift  phase  geology  in  controlling  the  subsequent  basin  evolution 
and  hydrocarbon  prospects.  The  major  part  of  the  oil  is  stored  in  the  karstified 
Mesozoic  basement.  Good  reservoir  properties  are  due  to  (1)  a  multi-phase  meteoric 
karstic  development  during  the  Paleogene,  before  basin  formation  (2)  deep  burial 
hydrothermal  processes  during  the  Neogene  when  the  karstified  Mesozoic  rocks 
subsided,  and  hydrothermal  fluids  enhanced  the  pre-existing  karstic  conduits. 

The  Neogene  b^in  formation  is  a  result  of  extensional  and  wrench  faulting  during 
the  Late  Paleogene  and  Miocene.  Tertiary  faulting  created  structural  traps  in  the 
karstified  Mesozoic  basement  and  also  initiated  migration  routes  for  hy^ocarbons 
generated  from  Triassic  source  rocks  during  the  Neogene  subsidence  and  thermal 
maturation.  Basin  fills  are  Badenian  (Middle  Miocene)  glauconitic  sands  and 
hemipelagic  marls  overlain  by  a  1.7-2  km  thick  Pannonian  section,  which  is  the 
main  seal.  The  large  amount  of  geophysical  and  geological  data  collected  in  the 
Zala  basin  provides  an  excellent  3D  view  for  the  Tertiary  infill,  together  with  the 
reservoir. 


EVOLUTION  OF  ALPINE-CARPATHIAN  SEDIMENTARY  BASINS 
SEEN  THROUGH  DETRITAL  MICA:  NEW  "AR/”AR  MICA  AGES 

Franz  Neubauer.  Robert  Handler,  Dieter  Mader,  Detlef  Schneider 
Dept,  of  Geology,  University  of  Salzburg,  Austria 
franz.neubauer@sbg.ac.at/Fax:  +43-662-8044-621 

K-Ar  ages  of  detrital  white  mica,  mainly  muscovite,  which  are  preserved  within 
sandstones  in  sedimentary  basins  of  various  tectonic  sellings  are  interpreted  to 
represent  formation  within,  or  cooling  through  a  temperature-controlled, 
intermediate  temperature  interval  within  the  continental  crust  (closure 
temperature:  ca.  300-4  lO^C).  Consequently,  the  residence  time  interval  between 
formation  of  white  mica,  respectively  cooling  through  the  closure  temperature, 
and  the  chronostratigraphic  age  of  deposition  of  detrital  mica  in  basins  of  various 
geodynamic  settings  can  be  used  as  an  indicator  for  geodynamic  processes  in  the 
hinterland,  for  example  crustal  rejuvenation  and  subsequent  exhumation  of 
metamorphic  sequences  during  orogenesis.  Predictions  of  the  residence  time  in 
various  sedimentary  basins  are  done,  and  tested  by  confrontation  with  available 
and  data  from  different  types  of  sedimentary  basins  in  Alps  and  Carpathians. 
These  data  monitor  the  throughout  crustal  rejuvenation  within  accretionary 
wedges  and  peripheral  foreland  (molasse)  basins  of  Variscan  continent  collisional 
settings  as  the  only  process  which  lead  to  significant  crustal  rejuvenation  in  the 
area.  Virtually  no  Alpine  overprint  was  detected  except  in  youngest  (Late 
Neogene)  sediments.  The  new  data  suggest  that  sedimentary  basins  can  be 
characterized  by  chemical  and  Ar  isotopic  composition. 


SUBSIDENCE  EVOLUTION  AND  INVERSION  OF  THE 
KUZNETSK  BASIN  (SOUTH  SIBERU,  RUSSIA). 

Polansky  0.  P. 

United  Institute  of  Geology,  Geophysics  and  Mineralogy,  Novosibirsk.  Russia. 
pol@uiggm. nsc.ru/Fax:  -383-2-352692 

An  effort  was  made  to  study  the  Paleozoic  Kuznetsk  basin,  using  the 
backstripping  method  in  the  reconstruction  of  basin  evolution,  2D  heat  transfer 
and  fluid  flow  modelling.  This  basin  is  an  intramontane  depression  surrounded 
by  the  Salair  Ridge,  the  Tom’-Kolyvan’  fold  belt,  Kuznetsk  Alatau  and  the 
Shoria  Hills,  filled  with  up  to  13  km  of  sediments.  The  basin  is  characterized  by 
a  high  heat  flow  (up  to  80  mW/m2)  and  by  the  offset  in  the  Moho  depth  up  to 
12  km  through  a  major  bounding  faults.  The  backstripping  method  gives  a 
spatially  and  temporally  varying  crustal/subcrustal  stretching  factor  in  the  range 
of  2.4‘3.0/3.4-3.8.  Such  distribution  means  non-uniform  and  multiple  extensions 
and  more  Intensive  subcrusiat  deformations.  Three  stage  of  extensions  were 
distinguished  with  the  maximum  subsidence  propagation  along  the  main  axis  of 
the  basin.  Because  of  increasing  the  total  sediment  thickness  during  post-rift 
shortening  (by  factor  of  2/3),  the  predicted  stretching  factor  seems  to  be 
overestimated.  Numerical  2D  experiments,  including  compaction,  topographic 
and  fault-driven  fluid  flow,  have  been  performed  to  model  the  extensional  and 
compressional  phases.  For  the  model  where  topography  flow  is  not  included,  the 
flow  velocities  are  decreased  drastically  (by  a  factor  of  100).  The  temperature 
are  not  changed  a  lot  while  velocities  change  much.  Faults  that  go  into  the 
basement  can  influence  a  deeper  fluid  flow  and  hence  advective  heat  flow  value. 


A  MANTLE  FLOW  MECHANISM  FOR  THE  LARGE-SCALE 
SUBSIDENCE  OF  CONTINENTAL  INTERIORS 
R.  N.  Pysklywee  and  J.  X.  Mitrovica 

Department  of  Physics,  University  of  Toronto,  Toronto,  Canada,  M5S  1A7. 
russOterra. physics. utoronto.ca/Fax:  416-978-7606 
The  geological  record  shows  that,  from  time  to  time,  otherwise  stable  conti¬ 
nental  interiors  have  experienced  episodes  of  subsidence  and  uplift.  The  long- 
wavelength  nature  of  the  associated  sedimentary  deposits  suggests  that  these 
episodes  may  be  linked  to  large-scale  and  transient  mantle  downwelling  events. 
Recent  results  from  the  mantle  convection  literature  indicate  that  an  instability 
(or  instabilities)  at  the  660  km  discontinuity  may  provide  a  plausible  mecha¬ 
nism  for  these  downwellings.  In  particular,  numerical  simulations  show  cold 
descending  slabs  pooling  above  the  660  km  boundary  and  intermittently  pen¬ 
etrating  through  this  level.  In  this  presentation  we  consider  the  flow  dynamics 
of  descending  slabs  and  plumes  and  investigate  in  detail  the  evolving  dynamic 
topography  associated  with  these  downwelling  events.  Our  numerical  simula¬ 
tions  assume  a  multi-phase,  anelastic  mantle  and  a  two-dimensional,  spherical, 
geometry.  To  simulate  the  effect  of  a  stiff  lithosphere,  temperature-dependent 
viscosity  has  been  incorporated  with  mixed  surface  boundary  conditions  [e.g., 
Zhong  &  Gurnis,  J.  Geophys.  Res.,  1994].  Our  results  suggest  that  a  broad 
mantle  downwelling  event  below  the  craton  is  capable  of  reconciling  both  the 
length-  and  time-  scales  associated  with  certain  long-wavelength  subsidence 
events  of  continental  interiors. 


GEODYNAMIC  PREREQUISITES  OF  THE  DEVELOPMENT  OF 
PETROLIFEROUS  BASINS  IN  THE  WESTERN  PACIFIC  OCEAN 

R  RodjuYova  (VNIIZanibezhgeologia,  Moscow,  Russia) 

138  sedimentary  basins  of  which  59  are  petroliferous  have  been  recognized 
in  the  oiishoie  and  ofishore  parts  of  the  region.  The  basins  lie  on  the 
Asian  and  AustraJiait  cratons  and  th«dr  passive  and  active  margins. 
Cratonic  and  passive  margin  basins  are  related  to  synecHscs,  lifl-ielated 
troughs  and  depressions,  intra-foldbeh  depressions,  and  foredeeps. 

Active  margin  basins  are  associated  with  backarc,  interarc,  Jbrearc,  and 
accietionar>'  trouglts. 

The  delermirung  faaors  in  the  structural  evolution  and  realization  of 
petroleum  potential  of  the  region^s  sedimentary  basins  were  the  processes 
of  Mesozoic- Cenozoic  difiuse  rifling  on  the  continents  and  in 
pericraionic  sag  zon*?  and  the  subduction  of  the  Pacific  plate  beneath 
the  Asian  and  Australian  continental  megablocks  in  trench  zones  givirig 
rise  to  active  continental  margins.  Compressive  processes  induced  by  the 
convergent  motion  of  the  plates  broken  by  rifling  gave  rise  to  acerdionary 
structures. 

Rift -related  sedimentary  basins  were  usually  filled  with  thick  sediments 
including  HC  source  rocks,  reservoin,  and  seals,  and  are  most  promising 
lor  HC  prospecting.  The  ongoing  tectonic  movements  in  the  region  exert 
active  irifluence  on  the  HC  generation  potential  of  the  sedimeniar^'  basins 
and  facilitate  the  formation  of  immature  oils  and  redistribution  of 
preexisting  pools. 


The  deep  structure  of  the  sedimentary  basins  of  the  Okhotsk 
Sea  and  its  comparison  with  other  sedimentary  basins  of  the 
World 

A.G.Rodnikov  (Geophysical  Center,  Russian  Academy  of  Sciences, 
Molodezhnaya,  3,  Moscow,  117296,  Russia) 

The  study  was  carried  out  along  the  geotraverse  crossing  the  Mesozoic 
structures  of  the  Sikhoie  Alin,  the  Tatar  Strait  Trough,  the  Cenozoic 
structures  of  the  Sakhalin  Island,  the  Kuril  Deep  Sedimentary  Basin  of 
the  Okhotsk  Sea,  recent  structures  of  the  Kuril  Island  Arc,  and  the 
Mesozoic  Plate  of  the  Northwest  Pacific  Basin.  The  deep  structure  of 
the  sedimentary  basins  of  the  Okhotsk  Sea  is  compared  with  that  of  the 
deep  troughs  of  the  marginal  seas  in  the  western  part  of  the  Pacific 
and  with  that  of  the  sedimentary  basins  of  Eurasia, 

The  genera!  characteristics  of  the  deep  structure  of  the  sedimentary 
basins  in  the  Okhotsk  Sea  are  the  following: 

-  rift  structures  or  spreading  centers  at  the  bottom  of  deep  basins; 

-  active  volcanism  at  the  initial  stage  of  formation  of  a  basin  accom¬ 
panied  by  hydrothermal  processes  and  the  formation  of  sulfide  deposits; 

-  high  heat  flow  values  caused  by  the  uplift  of  the  asthenosphere  towards 
the  crust; 

-  the  sedimentary  basins  overlie  the  heated  anomalous  mantle  diapir  rising 
from  the  asthenospheric  lens.  The  hot  mantle  fluids  promote  the  trans¬ 
formation  of  the  organic  matter  into  oil  and  gas  in  sedimentary  basins  and, 
apparently,  serve  as  an  additional  source  of  hydrocarbons. 
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MULTI-SCALE  STRAIN  PARTITIONING  AND  WEDGING 
DURING  INTRAPLATE  DEFORMATIONS 

F.  Roure 

Institut  Franpais  du  Pdtrole,  BP311,  92506  Rueil-Malmaison, 
France 

Francois.ROURE@ifp.fr/Fax:  33  1  4752  7067 

Surface  and  subsurface  data  are  used  here  to  describe  the  crustal 
architecture  of  two  intracratonic  orogens,  i.e.  the  Merida  Andes 
(Western  Venezuela)  and  the  Pyrenees  (France-Spain),  as  well  as 
localized  deformations  in  adjacent  forelands  (i.e.  in  the  Maracaibo- 
Barinas/Apure  basins,  and  in  Provence,  respectively). 

In  both  examples,  the  obliquity  of  inherited  extensional  structures 
relative  to  active  compressional  stresses  results  in  strain 
partitioning  and  wedging,  with  the  development  of  major  stike-slip 
faulting  within  the  orogen  (Bocono  and  North  Pyrenean  faults, 
respectively),  a  Crustal  triangle  architecture,  and  disymetric 
foreland-fold-and-thrust  belts  bn  both  sides  of  the  belts. 

Similar  wedging  and  strain  partitioning  are  also  observed  at  a 
smaller  scale  in  adjacent  foreland  domains,  with  a  competition 
between  fault-reactivation  and  development  of  neoformed  faults 
(short-cuts)  during  inversion  processes. 

In  this  context  of  intraplate  dynamics,  paleostress  data  and  pre¬ 
existing  structural  grain  (strike  and  dip  of  inherited  extensional 
structures)  are  the  key  for  the  prediction  of  structural  closures. 


THE  IMPORTANCE  OF  STRATIGRAPHIC  CONTROL  IN 
UNDERSTANDING  THE  LATE  NEOCENE  TECTONIC  EVOLUTION  OF 
SW  PANNONIAN  BASIN 

M.  Sacchi  ( 1 )  and  F.  Horvdth  (2) 

(1)  Research  Institute  Geomare  Sud,  CNR,  Napoli, 
sacchi@gmsO  I  .geomare.na.cnr.it/Fax  +39-8 1  -5979222 

(2)  Department  of  Geophysics,  EStvSs  University,  Budapest 

The  Pannonian  basin  was  an  integral  part  of  the  Paratethys,  a  separate  branch  of  the 
Tethys  ocean  which  developed  during  the  Oligocene  to  Pliocene  from  central 
Europe  to  central  Asia,  The  gradual  separation  of  this  vast  epicontinental  basin  from 
the  world  ocean  system  was  mirrored  by  severe  provincialism  of  the  aquatic  faunas 
which  has  long  been  a  major  source  of  uncertainty  for  biostratigraphic  correlation 
between  Paratethyan  and  Mediterranean  events.  This  uncertainty  has  hampered,  so 
far,  a  reliable  interpretation  of  timing  for  the  Late  Neogene  evolution  of  the 
Pannonian  basin.  Based  on  the  integration  of  interpreted  regional  seismic  profiles 
across  SW  Pannonian  basin  and  a  set  of  outcrop-scale  seismic  profdes  recently 
acquired  on  Lake  Balaton,  Hungary,  we  present  a  new  tectono-stratigraphic  model 
for  the  SW  Pannonian  basin  which  relies  on  revised  Late  Miocene 
chronostratigraphic  correlation  between  the  Paratethys  and  the  Mediterranean 
systems.  Results  of  our  work  include  a  proposal  for  the  institution  of  a  new  stage  in 
the  Late  Miocene  series  of  the  Paratethys  and  the  surprising  conclusion  that  no  any 
major  paieoenvironmental  impact  was  perceptible  in  the  Paratethys  during  the 
Messinian  salinity  crisis  of  the  Mediterranean. 


THERMAL  EFFECT  OF  THE  CENTRAL  BOHEMIAN  GRANITIC  PLLTON 
(CZECH  REPUBLIC)  ON  THE  ADJACENT  SEDIMENTS:  RESLXTS  OF 
COMPUTER  SIMULATION 

J.Safanda  (1),  V.Suchy  (2) 

(1)  Geophysical  Institute  Praha,  (2)  Geological  Institute  Praha, 
jsa@ig.cas,cz/Fax:+420  2  7 1 76 1 549 

Vitrinite  reflectance,  iliite  crystallinity  and  fluid  inclusion  survey  of  the  Lower 
Paleozoic  Barrandian  basin  has  shown  that  the  sediments,  which  are  now  only 
shallowly  hurried  (uppermost  1  km)  have  undergone  medium  to  high  levels  of 
diagenesis  and  experienced  temperatures  in  the  range  of  90-180  deg  C.  Because  the 
present  heat  flow  and  temperature  gradients  are  about  60  mW/m2  and  20-30  K/km, 
respectively,  the  estimated  levels  of  diagenesis  imply  substantially  higher  heat  flows 
and/or  thicker  overburdens  in  the  history  of  the  basin.  Another  possible  source  of  the 
increased  temperature,  however,  may  have  been  the  Central  Bohemian  Piuton  -  a  large 
Variscan  granitic  intrusion  outcroping  25  km  SE  of  the  basine.  We  simulated  the 
thermal  effect  of  this  igneous  body  by  solving  numerically  transient  heat  conduction 
equation  in  the  two  2-D  geothermal  models  perpendicular  to  the  basin's  axis.  The 
assumed  surface  heat  flow,  temperature  of  the  intrusion  and  the  heat  of  crystallization 
were  60  mW/m2,  800  deg  C  and  315  kJ/kg,  respectively.  Whereas  the  maximum 
temperature  increase  at  2  km  distance  from  the  intrusion  appeared  0.2  Ma  after  the 
intrusion  emplacement  and  reached  about  170  K,  the  increase  at  the  basin's  rim 
culminated  1 .5  Ma  after  the  emplacement  and  attain  at  most  8  K .  The  direct  thermal 
effect  of  the  piuton  on  adjacent  Lower  Paleozoic  sediments  was  therefore 
comparatively  negligible. 


TECTONIC  STRESS  AND  ITS  INFLUENCE  ON  FLUID  FLOW:  A  CASE 
STUDY  FROM  THE  MID-NORWEGIAN  MARGIN 

T.  Skar  (1),  R.  van  Baien  (1),  L.  Amesen  (2) 

(1)  Faculty  of  Earth  Sciences,  Vrije  Universiteit,  Amsterdam,  skat@geo.vu.nl  /  Fax: 
+31-20  6462457. 2)  Norsk  Hydro  Research  Centre,  5020  Bergen,  Norway 

The  post-Eocene  tectonic  evolution  on  the  mid-Norwegian  margin  is  characterized 
by  thermal  subsidence  that  was  interrupted  by  periods  of  intraplate  compression. 
Contractional  deformation  resulted  in  the  development  of  arches,  domes  and 
regionally  uplifted  domains  where  the  geographical  position  of  these  areas  was 
controlled  by  spatial  variations  in  lithospheric  strength.  In  this  paper  we  examine  the 
influence  of  Tertiary  uplifts  on  caprock  and  fault  sealing  properties  based  on 
information  from  geophyscial  well  logs  and  reflection  seismics  combined  with 
predictions  from  finite  element  modelling.  The  sealing  properties  of  faults  and 
caprocks  vary  significantly  in  the  area  as  evidenced  from  the  overpressure 
distribution  and  hydrocarbon  Endings.  Compaction  trends  derived  from  log  data 
indicate  that  wells  located  in  the  vicinty  of  major  faults  on  parts  of  the  margin  have 
experienced  additional  (localized)  uplift.  Several  of  these  wells  have  proven  to  be  in 
absence  of  hydrocarbons  which  suggest  a  close  link  between  tectonically  induced 
uplift  and  leakage  of  hydrocarbons.  Providing  constraints  on  processes  of 
mechanical  deformation,  finite  element  models  have  been  used  to  further  evaluate 
the  causal  relationships  between  rock  deformation  and  fluid  flow.  Results  are 
presented  for  predictions  of  stress-fault  interactions  and  of  stress  and  fracture 
distribution  in  reservoir  and  caprock  sediments. 


THERMAL  MODELLING  OF  MATURATION  IN 
RIFT-RELATED  BASINS 

Jorgen  Samuelsson'*  and  Mike  F.  Middleton^’,  Department  of 
Geology,  Chalmers  University  of  Technology,  Goteborg, 
Sweden.  e-mail:  '*samson@geo.chalmers.se 
middlet@geo.chalmers.se 

The  change  of  paleoheat  flow  in  time  in  a  rift-related  basin  is 
modelled  in  combination  with  a  consideration  of  the  effect  of 
suppression  of  vitrinite  reflectance  upon  oil  generation.  The 
area  of  interest  in  this  study  is  the  North  Viking  Graben  and 
modelled  as  a  comparison  is  another  rift-related  area,  the 
North  West  Shelf,  Australia,  The  results  imply  that  if  the 
effect  of  suppression  is  neglected  in  combination  with  an 
erroneous  paleoheat  flow  history  the  maturity  could  be 
severely  underestimated.  This  is  one  more  than  likely  explan¬ 
ation  for  the  lack  of  success  in  the  exploration  of  oil  in  the 
western  region  of  the  North  West  Shelf,  Australia. 


GEODYNAMICAL  AND  THERMAL  RIFT  EVOLU'nON:  NEW  RESULTS 
FOR  DNIEPER-DONETS  BASIN 

V.L  Starostenko,  V.A  Danilenko,  D.B.  Vengrovitch,R.I.  Kutas  (Inst,  of  Geophysics, 
Nat.  Acad,  Sci.  of  Ukraine,  E-mail:  root@igpnanu.  kiev.ua),  RA.Stephenson 
(Netherlands  Research  School  of  Sedimentary  Geology,  Vrije  Universiteit, 
Amsterdam).  S.N.  Stovba(Ukrgeofizika,  Kiev,  Ukraine),  O.M.  Kharitonov(Inst.  of 
Geophysics.  Nat.  Acad.  Sci.  of  Ukraine,  E-mail:  root@igpnanu.  kiev.ua) 

A  method  of  setting  up  a  unified  dynamic  and  geothermal  lithospheric  model  has  been 
set  up  as  a  result  of  the  solution  of  a  coupled  system  of  differential  equations  of 
dynamics  of  the  block-structured  geophysical  medium  and  a  2D  heat  transfer  equation. 
In  the  time  domain  the  models  enable  us:  1)  to  study  dynamics  and  faulting  of  the  .upper 
crustal  layer  blocks  with  considering  sedimentation  and  erosion  phenomena;  2) 
reestablish  the  picture  of  the  evolution  of  the  thermal  regime  of  the  lithosphere;  3) 
estimate  the  role  of  tectonic  and  geothermal  factors  in  processes  of  rift  formation  and 
post-rift  state  of  the  basin.  The  practical  efficiency  of  the  method  is  illustrated  on  an 
example  of  the  constructed  model  of  the  formation  and  evolution  of  the  NW  Dnieper- 
Donets  basin  along  the  regional  profile  Mala  Devica-Bakhmach.  These  results  are 
compared  with  those  published  earlier  for  the  same  profile  for  studying  the  rift  and 
early  post-rift  development  of  the  region. 
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MULTIPLE  EPISODES  OF  FLUID  MIGRATION  ACROSS  THE 
BOHEMIAN  MASSIF  :  EVIDENCE  FROM  BITUMEN  REFLECTIVITY 
AND  HYDROTHERMAL  KARST 

V.  SUCHY  m.  A.  ZEMAN  m  and  1.  SYKOROVA  (2) 

(1)  Geological  Institute  CAS,  Prague.  (2)  Institute  of  Rock  Structure  and 
Mechanics,  Prague 

Sediinent@gli.cas.cz  /  ra.-c :  +420  2  243 1 1578 

Recent  integration  of  structural,  seismic  and  petrological  data  has  shown  that 
sedimentary  and  crystalline  units  of  the  Bohemian  Massif  are  penetrated  by  a 
series  of  major  nortii-soutlt  trending  faults  and  fractures  tlirtt  were  insmimcntal  in 
focussing  and  nansporting  warn  fluids.  Tire  mov  ement  of  fluids  along  tire  faults 
has  occurred  episodically  throughout  geological  time  and  may  liave  been  tied  to 
tlie  eartliquake  cycles.  In  particular,  in  tire  Barrandian  Lower  Paleozoic  basin  of 
central  Bohemia,  petrological  and  fluid  inclusion  research  on  nortlv-soulh 
trending  calcite  veins  indicates  e.vtensive  migration  of  petroleum  bitumens  and 
saline  brines  followed  by  Variscan  thennal  overprint.  Post-Variscan  warm  fluids 
that  have  reactivated  tliese  migration  patlvways,  also  transported  liquid 
hydrocarbons  and  were  responsible  for  the  development  of  hydrothermal  caves. 
E.vplosive  kimberlite  pipes  of  Tertiary  age.  deposition  of  Quaternary  spring 
limestones  and  numerous  disclwges  of  thennal  and/or  mineral  waters  located 
elsewhere  along  the  north-south  striking  linetiments  are  probably  indicative  of 
youngest  stages  of  fluid  activity  which  may  have  locally  persisted  until  the 
present  time. 


SEDIMENTARY  BASINS  FORMATION  AND  EVOLUTION.  CASE 
STUDY  OF  THE  PRE-CASPIAN  DEPRESSION  AND  SEDIMENTARY 
BASINS  OF  BRAZIL. 

V.B.Svalova 

lust,  of  Environmental  Geoscience,  Russian  Ac.  of  Sciences 
svalova@geoenv.msk.su/Fax;7-(095)-923-18-86 

The  origin  and  evolution  of  sedimentary  basin  could  be  a  clue  for  oil-gas 
deposits  forecasting.  For  simulation  of  the  basin  evolution  and  pressure  and 
heat  flow  density  distribution  the  thermomechanical  modelling  was  used. 
Thermomechanical  modelUng  together  with  field  investigations  and  wells  data 
gives  the  possibility  to  research  the  geothermal  field  changing  during  the 
sedimentary  basin  evolution.  All  geological,  geophysical  and  petrological 
data  were  used  for  sedimentary  basins  evolution  modelling.  Different 
sedimentological  models  were  used  for  analysing  of  sedimentary  cover 
fonnation  and  evolution.  The  Pre-Caspian  Depression  is  a  unique  structure  of 
ancient  platforms  with  sedunentary  cover  near  24  km.  Genesis  and  evolution  of 
the  Pre-Caspian  Depression  are  explained  by  upwelling  of  a  mantle  diapir.  The 
e.xistence  of  mantle  diapir  could  be  confirmed  by  gravity,  electromagnetic  and 
geothermal  data.  The  specific  form  of  the  basins  in  Brazil  could  be  explamed 
by  round  form  of  mantle  diapir  in  Maranhao  Basin,  interaction  of  Pacific- 
South  American  plates  collision  with  mantle  upwelling  for  Parana  Basin  and 
rift  fonn  of  mantle  activity  with  separate  round  smaller  diapirs  for  Amazon 
Basin. 


THE  INFLUENCE  OF  A  STRATIFIED  RHEOLOGY  ON  THE  FLEXURAL 
RESPONSE  OF  THE  LITHOSPHERE  TO  (UN)LOADING  BY 
EXTENSIONAL  FAULTING 

M  terVnnrrie.  R.T.  van  Balen,  G.  Bertotti  and  S.A.P.L.  Cloetingh, 

Institute  of  Earth  Sciences,  Vrije  Universiteit,  De  Boelelaan  1085,1081  HV  Amster¬ 
dam,  the  Netherlands,  tel:  -31-20-4447320,  fax;  -31-20-6462457,  e-mail; 
voom@geo.vu.nl 

We  present  a  two-layer  finite  difference  model  for  the  flexural  response  of  the  litho¬ 
sphere  to  extensional  faulting.  The  model  allows  for  three  modes  of  flexure;  (I)  fully 
coupled,  with  the  upper  crust  and  mantle  welded  together  by  the  lower  crust,  (2) 
fully  decoupled,  with  the  upper  crast  and  mantle  behaving  as  independent  layers, 
and  (3)  partly  decoupled,  signifying  that  the  response  of  the  upper  crast  to  small- 
wavelcngth  loads  is  superimposed  on  the  response  of  the  entire  lithosphere  to  long- 
wavelength  loads.  Which  of  these  modes  of  flexure  is  to  be  expected  depends  on  the 
rheology  and  especially  the  thermal  state  of  the  lithosphere.  Coupled  behaviour  is 
related  to  a  cold  and  strong  lithosphere.  The  Baikal  Rift  zone  provides  a  typical 
example  for  this  mode  of  flexure.  A  fully  decoupled  lithosphere  is  an  excepdonal 
case,  related  to  anomalous  high  temperatures  in  the  lower  crust,  and  is  observed  in 
the  Basin  and  Range  province.  The  most  common  case  is  a  partly  decoupled  litho¬ 
sphere,  with  the  degree  of  decoupling  depending  on  the  thickness  and  viscosity  of 
the  lower  crast.  This  is  inferred  for  example  for  the  Bay  of  Biscay  margin. 


EROSION/SEDIMENTATION  MODELLING  OF  THE  MAAS 
CATCHMENT  IN  RELATION  TO  CLIMATE  AND  TECTONICS 
Balen.  R.T.  van 

Vrije  Universiteit,  Fac.  der  Aardwetenschappen,  De  Boelelaan  1085, 

1081  HV  Amsterdam,  The  Netherlands,  e-mail:  balr@geo.vu.nl 

This  research  is  carried  out  in  the  framework  of  the  Neesdi  program  which  is 
targetted  towards  the  analysis  and  modelling  of  the  interplay  of  natural  processes 
affecting  the  environment  at  the  earth’s  surface,  focussing  on  the  situation  in  the 
Netherlands.  This  subproject  of  the  Neesdi  program  concentrates  on  the  geological 
history  of  the  Maas/Meuse  river  system  in  Belgium  and  the  Netherlands  during 
Quaternary.  The  research  aims  at  determining  the  influences  of  tectonic  movements, 
climate  and  internal  river  dynamics  on  sediment  budget  and  behavior  of  the  river 
system.  Cimatic  oscillations  during  Quaternary  have  led  to  phases  of  incission  and 
aggradation  of  the  river  system.  The  resulting  terraces  are  best  preserved  in  the 
southern  part  of  the  Netherlands.  The  Maas/Meuse  river  system  was  also  influenced 
by  differential  tectonic  movements  consisting  of  the  uprising  Ardennes  and 
subsiding  Central  Graben.  These  tectonic  movements  started  during  Late  Oligocene. 
During  the  Middle  Pleistocene  the  uplift  of  the  Ardennes  accelerated,  leading  to 
increased  incision  rates  and  sediment  delivery  to  the  Cenual  Graben  area.  The  uplift 
also  affected  the  Central  Graben  area  and  had  a  major  impact  on  the  course  of  the 
river  system.  In  this  presentation  we  will  focus  on  the  impact  of  Middle  Pleistocene 
tectonic  event  on  the  dynamics  of  the  river  system  and  we  will  discuss  several 
tectonic  mechanisms  for  the  uplift  event. 


Present-day  lithospheric  strength  of  the  Norwegian  continental 
Vpring  margin  and  predictions  of  Late-Tertiary  deformation. 

R.  van  der  Meer.  J.D.  van  Wees,  M,  Gfilke,  F.  Beekman. 

Faculty  of  Earth  sciences.  Vrije  Universiteit,  Amsterdam. 
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Various  strength  envelopes  have  been  calculated  along  different  transects  through 
the  Voting  margin.  Thicknesses  of  the  individual  layers,  Moho  depth  and  strain- 
rate  strongly  control  the  steepness  of  the  geothetm  and  the  strength  of  the 
lithosphere.  Modelling  shows  strong  variations  in  lithospheric  strength  from  NW  to 
ESE  through  the  Voting  margin.  From  the  Northern  Voting  Marginal  High  (ocean 
edge)  to  the  margin  centre,  a  decreasing  strength  has  been  calculated  throughout 
the  whole  lithosphere  with  a  pronounced  decoupling  of  strength  in  the  Upper-and 
subcrastal  lithosphere  in  the  margin  centre.  From  the  centre  towards  the  south¬ 
eastern  border  of  the  Voting  margin  (Halten  Terrace  and  Trondelag  Platform)  an 
increasing  strength  is  observed.  These  variations  are  primarily  caused  by  thermal 
blanketing  due  to  thick  shale  sequences  with  relatively  low  conductivity  with 
maximum  thickness  in  the  centre  of  the  margin.  Low  strength  is  further  enhanced 
by  elevated  heatflow  in  the  margin  centre.  For  the  sediments  on  the  margin  a 
reduction  of  the  friction  angle  as  well  ns  an  increasing  hydrostatic  pore  fluid 
pressure  leads  to  a  further  reduction  in  the  upper-crustal  strength.  Assuming 
uniform  stresses,  our  modelling  results  predicts  localization  of  Late-Tertiary 
deformation  in  the  margin  centre  were  the  crustal  stfength  is  lowest.  This  is  largely 
in  agreement  with  observations. 


CONTROLS  OF  PRECEDING  TECTONIC  HISTORY  ON  NEO¬ 
TECTONICS  AND  EARTH  QUAKES  IN  THE  ROER  VALLEY  GRABEN 
(THE  NETHERLANDS):  CONSTRAINTS  FROM  RHEOLOGICAL  AND 
FINITE  ELEMENT  MODELLING 

Jan-Diederik  van  Wees.  Fred  Beekman,  Jos6  Dirkzwager,  and  Sierd  Cloetingh 
Faculty  of  Earth  Sciences,  Vrije  Universiteit  Amsterdam,  Netherlands 
weej@geo.vu.nl 

Rheological  predictions  for  phanerzoic  basins  indicate  a  pronounced  decoupling  of 
upper  crustal  deformation  from  subcrastal  levels.  As  a  consequence  the  structural 
e.xpresion  of  basins  is  primarily  controlled  by  the  movements  along  weak  upper 
crustal  faults,  interacting  with  the  rheological  behavior  of  the  uper  and  lower  crust 
and  basin  infill.  With  the  aid  of  Rheological  and  Finite  element  modelling  we 
analyse  the  role  of  this  rheological  interaction,  and  in  particular  the  potential  role  of 
pre-existing  weak  faults,  using  the  Tertiary  and  Neo-tectonic  evolution  of  the  Roer 
Valley  Graben  as  a  natural  laboratory.  Rheological  modelling  results  show  that 
observed  basin  reactivation  in  the  Roer  Valley  Graben  reqirires  permanent 
weakening  of  the  lithosphere,  in  which  relative  weak  major  normal  faults  (border 
faults),  marked  by  reduced  friction  angle,  play  an  eminent  role.  This  is  confirmed 
by  finite  element  models  which  clearly  show  that  Tertiary  basin  architectiue  is 
mainly  determined  by  relatively  weakness  of  border  faults  compared  to  other  faults. 
Further  relevance  of  predicted  stress  and  strain  distribution  wifi  be  discussed  in  the 
light  of  observations  of  near  strrface  expression  of  faults,  seismic  activity  and 
predictions  for  postseismic  slip. 
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FLUXES  AND  GEOCHEMICAL  BALANCE  OF  CARBON  IN  THE  OCEAN 

A.A.Vetrov  (1)  and  E.A.Romankevich  (1) 

(1)  P.P.Shirshov  Institute  of  Oceanology, 

Moscow,  bioch@ocean.ru 

The  results  of  analysis  of  data  obtained  in  P.P.Shir5hov  Institute  of  Oceanology  are 
presented  on  distribution  and  masses  of  organic  (Corg)  and  nonorganic  carbon  in 
various  regions  of  the  World  Ocean  and  in  its  main  structural-  geomotphological 
zones  in  dissolved  and  particulate  form,  upper  sedimentary  layer  (0-5  cm),  biomasses 
and  production  of  phytoplankton,  input  from  land  (river  discharge,  subterranean 
runoff,  glacial  runoff,  eolian  transfer,  wave  abrasion  material).  Model  maps  of  Corg 
distribution  in  recent  bottom  sediments  and  fluxes  of  Corg  to  sediment-water  interface 
were  constructed.  Total  flux  of  carbon  from  land  in  the  World  Ocean  is  evaluated  as 
being  equal  to  (658  and  870)  x  1012  g  C  for  organic  and  nonorganic  carbon 
respectively.  Rivers  discharge  of  dissolved  (210  and  502)  x  1012  g  C  /  year  and 
particulate  (250  and  168)  x  1012  g  C  /year  carbon  and  eolin  transfer  (174  and  21)  x 
1012  g  C  /year  make  principal  contribution  in  this  flux.  New  data  are  grounded  on 
bioproductivity  of  the  ocean  (60  x  10 1 5  g  Corg  /year)  and  amount  of  carbon  deposited 
in  marginal  (150-240  and  584)  x  1012  g  C/year  and  pelagic  (10  and  285)  x  1012  g 
C/year  regions  of  the  ocean.  Fossilisation  coefficients  of  Corg  were  estimated  for 
bottom  sediments  of  marginal  regions  (0.8- 1.3%),  ocean  floor  (0.02%)  and  the  whole 
ocean  (0.3-0.4%). 


STRUCTURE  OF  THE  LITHOSPHERE  BENEATH  THE  DNIEPER- 
DONETS  BASIN,  UKRAINE,  ACCORDING  TO  GRAVITY  DATA 

T.P.Vegorova.  V.G.Kozlenko,  V.I.Starostenko,  O.V.Legostaeva  (Inst,  of 
Geophysics,  Nat.  Acad.  Sci.  of  Ukraine,  E-mail:  root@igpnanu.  kiev.ua) 

R.  A.Stephenson  (Netherlands  Research  School  of  Sedimentary  Geology,  Vrije 
Universiteit,  Amsterdam) 

Dnieper-Donets  Basin  (DDB)  is  a  linear  Late  Palaeozoic  depression  of  SE-NW  ori¬ 
entation  on  the  East-European  platform  separating  the  Ukrainian  Shield  and  Voro¬ 
nezh  Massif  It  consists  of  two  main  parts:  Dnieper  graben  -  typical  rift  basin  and 
Donbas  Foldbclt  (DF)  -  inverted  part  of  the  basin.  3-D  gravity  analysis,  using  a  gra¬ 
vity  backstripping  technique,  had  been  carried  out  in  order  to  investigate  deep 
structure  below  the  basin.  Residual  gravity  field  I,  obtained  by  subtracting  the  gra¬ 
vity  influence  of  the  sedimentary  succession  from  the  observed  field,  reveals  a  dis¬ 
tinct  positive  anomaly  along  the  basin  axis.  Residual  gravity  field  II  (gravity  effect 
of  a  homogeneous  crystalline  crust  been  removed  from  residual  field  I)  reaches  200 
and  100  mGal  amplitude  in  DF  for  two  Moho  models  (differed  by  Moho  depth 
below  DF)  based  on  different  interpretations  of  seismic  data.  For  each  residual  ano¬ 
maly  II,  the  best  fitting  3-D  distribution  of  average  density  in  the  crystalline  crust 
has  been  computed.  Both  models  show  the  e.xistence  of  a  high  density  body  in  the 
crystalline  crust  along  the  DDB  a.xis,  increasing  in  density  from  the  Dnieper  graben 
to  DF.  The  density  increase  within  tlie  crystalline  cmst  may  by  explained  by  intru¬ 
sion  of  mafic  and  ultramafic  rocks  during  Late  Devonian  rifting  although  further 
reworking  of  the  crust  during  Permian  tectonism  in  the  DF  cannot  be  ruled  out. 


Te  ESTIMATES  BENEATH  PALEOZOIC-MESOZOIC  PARANA 
AND  PARNAfBA  BASINS,  BRAZIL 

R.  M.  Vidotti  (1),  C.  J.  Ebinger  (1)  and  J.  D.  Fairhead  (2) 

(1)  School  of  Earth  Sciences,  University  of  Leeds,  Leeds,  UK  LS2  9JT, 

(2)  GETECH,  c/o  School  of  Earth  Sciences,  University  of  Leeds. 
R.VidottiCearth. leads. ac.uk/Fax:  [44]  113  2335259 

The  Paleozoic-Mesozoic  Parana  and  Parnaiba  basin  -  Brazil,  shows  many  simi¬ 
larities:  evolution,  Mesozoic  magmatism,  basement  geology  and  Bouguer  grav¬ 
ity  signature.  Although  these  basins  have  been  the  focus  of  many  studies  in 
several  different  areas,  their  origin  is  still  a  matter  of  debate,  nevertheless  there 
is  general  agreement  that  magmatism  and  thermal  subsidence  of  the  scale  seen 
specially  in  Parana  basin  requires  continental  rifting.  Coherence  analyses  pro¬ 
vide  a  means  to  investigate  lateral  variations  in  isostatic  compensation  beneath 
the  basins  that  are  probably  related  to  lithospheric  structure.  Effective  elastic 
thickeness  (Tj )  estimates  beneath  the  Parana  and  Parnaiba  basins  indicate  vari¬ 
ations  from  ~  50  km  for  the  broad  basins  to  less  than  30  km  to  areas  where  the 
Bouguer  gravity  signature  is  characterized  by  a  relative  low,  narrow  and  steep 
gradients.  If  interpreted  in  terms  of  thermal  age,  these  T,  estimates  suggest  the 
thermal  age  of  the  lithosphere  of  ~400  Ma  and  '•«200  Ma  which  corresponds, 
respectively,  to  the  age  of  the  oldest  sequences  within  both  basins,  and  the  vol- 
canism  within  the  basins  which  are  generally  associated  to  the  opening  of  the 
South  Atlantic  ocean.  The  T,  results  obtained  in  these  studies  are  comparable 
to  estimates  for  Mesozoic  rift  basins  in  Africa  and  Australia,  raising  questions 
about  lithospheric  heating  during  plume  events. 


SE9  Combined  geophysical  and  geochemical 
approaches  to  study  mid-ocean  ridges 

Convener:  Bonatti,  E. 

Co-Convener:  Hekinian,  R. 


Mechanical  controls  on  collision-related  compressional  intraplate 
deformation. 

P.A.  Ziegler. 

Petroleum  Exploration  Consultancy  Services,  Kirchweg  41,  CH-4I02  Binningen, 
Switzerland. 

Tel:  +41-61-421  5535/Fax:  +41-61-421  5535 

Stresses  related  to  collisional  plate  coupling  appear  to  be  responsible  for  the  most 
important  compressional  intraplate  deformations.  For  the  build-up  of  intraplate 
compressional  stresses,  four  collision-related  scenarios  are  envisaged:  1)  during  the 
initiation  of  a  subduction  zone  along  a  passive  margin  or  within  an  oceanic  basin, 
2)  during  subduction  impedance  caused  by  the  arrival  of  most  bouyant  crust,  such 
as  an  oceanic  plateau  or  a  microcontinent  at  a  subduction  zone,  3)  during  the  initial 
collision  of  an  otogenic  wedge  with  a  passive  margin,  depending  on  the 
lithospheric  and  crustal  configuration  of  the  latter  and  the  presence  or  absence  of  a 
thick  passive  margin  sedimentary  prism,  as  well  as  convergence  rates  and 
directions,  4)  during  post-collisional  over-thickening  and  uplift  of  an  orogenic 
wedge.  The  build-up  of  collision-related  compressional  intraplate  stresses  is 
indicative  for  mechanical  coupling  between  an  orogenic  wedge  and  its  forelands. 
Localization  of  collision-related  compressional  intraplate  deformations  is  controlled 
by  spatial  and  temporal  strength  variations  of  the  lithosphere  in  which  the  thermal 
regime,  the  crustal  thickness,  the  pattern  of  pre-existing  crustal  and  mantle 
discontinuities,  and  sediment  loads  and  their  thermal  blanketing  effect  play  an 
important  role. 


MANTLE  THERMAL  ANOMALIES  INFLUENCE  THE  STABILITY  OF 
BOUVET  TRIPLE  JUNCTION 

By  Bonani  E.t,2.  Ligi  M  l,  Bortoluzzi  0.1,  Carrara  0.1,  Fabretli  P.1,  Gilod  D.3 
Peyvc  A.A.4.  Skolouiev  S.4  and  Turko  N.4 

1  Istitutn  di  Geologia  Marina  CNR  Bologna.  a-mail:mareol@botgm2.jgm.bo.cnr.it, 

2  Lamom  Doherty  Earth  Observatory,  Palisades,  NY, 

3  University  of  Moscow, 

4  Geology  Institute,  Russian  Academy  of  Sciences,  Moscow. 

The  Bouvet  Triple  Junction  (BTJ)  is  where  the  South  American,  the  African  and  the 
Antarctic  lithospheric  plates  meet  in  a  geologically  complex  region  of  the  South 
Atlantic  near  the  island  of  Bouvet  Multibeam  morphobathymetry,  magnetometry, 
gravimetry  md  seismic  reflection  data  were  acquired  in  this  region  during  twt) 
e.xpcditions  in  1994  and  1996,  that  obuined  also  abundant  recoveries  of  bottom  rock 
samples.  These  new  data  help  understand  the  characteristics  and  evolution  of  the  three 
accretionary/lransform  boundaries  that  converge  in  the  BTJ  the  America  Antarctic 
Ridge  (AAR),  the  Mid  Atlantic  Ridge  (MAR)  and  the  South  West  Indian 
Ridge(SWIR).  Strong  melting  anomalies  characterize  the  two  westernmost  segment  of 
SW1R.  The  segment  adjacent  to  Bouvet  island  is  shallower  than  normal  by  almost  1 
km.  probably  due  to  the  influence  of  the  Bouvet  hot  spot.  The  westernmost  SWTR 
segment  (Spiess  Ridge)  is  highly  anomalous:  it  consists  of  a  major  volcanic  system 
elongated  NW-SE  and  roughly  50  km  wide.  We  estimate  that  the  Spiess  magmatir: 
event  started  roughly  1  my  ago.  A  broad  llsheared  zonel  and  an  area  of  intense 
extensional  deformation  has  been  observed  east  of  Spiess  Ridge  and  north  of  the 
Bouvet  Transform.  This  intraplate  tectonic  deformation  is  probably  caused  ultimately 
by  excess  crustal  formation  at  Spiess  Ridge.  The  themral  anomaly  that  gave  rise  to  the 
SWIR-Spiess  excess  magmatism  is  the  prime  cause  of  the  recent  disruption  of  a  former 
RRR  Triple  Junction  configuration,  and  of  the  imminent  establishment  of  a  new 
configuration.  The  geochemistry  mantle  derived  peridotites  and  basaltic  glasses 
recovered  from  this  region  support  the  hypothesis  of  intense  thermal  anomalies  in  the 
mantle  below  tfte  Bouvet  triple  junction. 
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ABUNDANCE  OF  SERPENTINIZED  PERIDOTITE  IN  THE  LOWER 
OCEANIC  CRUST  FROM  SEISNHC  VELOCITIES 


liniv.  of  Edinburgh,  Dep.  of  Geology  and  Geophysics,  UK 
javihu@mail.glg.ed.ac.uk/Fax:(+44)  131  668  3184 

The  use  of  compressional-  and  shear-wave  velocity  data  from 
laboratory  and  seismic  refraction  experiments  are  not  sufficient  to 
discriminate  between  an  oceanic  crust  composed  mostly  of  gabbro  or 
peridotite.  I  have  analyzed  available  compressional-  and  shear-wave 
velocity  data  at  different  pressure  ranges.  The  results  have  been  used  to 
produce  crustal  models  with  different  abundances  of  gabbro  and 
peridotite,  and  that  are  consistent  with  the  seismic  velocity  profiles. 
Overall,  the  results  demonstrate  that  seismic  layer  3  could  show  a 
crustal  composition  ranging  from  -15%  to  -75%  partially  serpentinized 
peridotite,  and  have  identical  seismic  velocities.  This  pattern  is 
observed  in  both  Pacific  and  Atlantic  crust,  and  no  differences  in 
predicted  crustal  composition  can  be  observed.  Serpentinite  is  not  a 
volumetrically  very  abundant  (<30%),  but  may  have  important 
mechanical  effects  in  the  oceanic  lithosphere.  These  results  demonstrate 
that  a)  lithological  interpretation  of  seismic  velocity  data  requires 
additional  geological  and  geophysical  information,  b)  that  serpentinized 
peridotite  may  in  fact  be  an  important  component  of  seismic  layer  3,  and 
c)  that  the  seismic  crust  cannot  be  equated  to  magmatic  crust  without 
independent  constraints  on  crustal  composition. 


CORRELATIONS  BETWEEN  GEOPHYSICAL  AND  GEOCHEM¬ 
ICAL  OBSERVABLES  ALONG  THE  MID-ATLANTIC  RIDGE  : 
SLOW-RIDGE/HOTSPOT  INTERACTIONS 

J.  Goslin  (1),  J.L.  Thirot  (1),  0.  Noel  (1)  and  J.  Ftancheteau  (1) 

(1)  UMR  CNRS  6538,  Domaines  Oceaniques,  lUEM,  Universite  de  Bretagne 
Occidentale,  Technopole  Breat-Iroise,  29280  PLOUZANE,  France. 
goalinCuniv-brest .Ir 

Geophysical  observables  are  sampled  from  global  data  sets  across  the  Mid- 
Atlantic  Ridge  (MAR),  close  to  the  Azores  (AZR),  Ascension  (ASC),  Tris¬ 
tan  da  Cunha  (TRS)  and  Bouvet  (BVT)  hotspots.  The  axial  bathymetry  and 
across-ridge  topography,  the  axial  and  amplitude  of  the  free-air  anomaly  are 
determined  along  evenly  spaced  200  km-long  profiles.  These  observables  are 
plotted  vs.  the  cumulative  distance  along  the  ridge,  together  with  the  upper 
mantle  S-wave  velocity  anomaly,  the  filtered  geoid  and  the  87Sr/86St  ratios. 
Spatial  correlations  between  all  these  observables  shed  some  light  on  the  in¬ 
teractions  betweeii  the  hotspots  and  the  MAR  :  1)  maxima  of  observables  are 
located  150  km  south  of  the  ridge  section  closest  to  ASC,  this  hotspot  being  too 
weak  influence  notably  the  MAR  2)  Only  relative  maxima  are  superimposed 
over  a  long-wavelength  trend,  over  the  ridge  section  close  to  TRS,  indicating  a 
recent  decrease  in  the  interactions  of  TRS  with  the  MAR.  3)  A  large  asymme¬ 
try  in  the  upper  mantle  structure  dominates  the  influence  of  the  AZR  hotspot 
on  the  MAR.  The  above  correlations  strongly  constrain  ridge/hotspot  interac¬ 
tion  models.  They  are  presently  being  supplemented  by  the  analysis  of  recent 
seismicity  along  the  MAR,  provided  by  high-quality  global  networks. 


Natural  electric  Geld,  Eh  aud  pS  anomalies  over  the  Logatchev  site 
(MAR,  14"45’N):  iuGuence  of  buoyant  plume  or  low-temperature 
degradation  of  the  ore  body? 

Roumiantsev  A.B..  S.M.  Sudarikov  Research  Institute  for  Geology  and 
Mineral  Resources  of  the  Ocean  (VNlIOkeangeologia),  StPetersburg 
fax:(812)114  14  70,  e-mail:  serg@g-ocean.spb.su 

In  the  7th  cruise  of  RAf  Professor  Logatchev  the  anomalies  of  natural 
electrical  field  (NF),  Eh  and  pS  using  towed  instrument  package  (RIFT) 
were  discovered  at  14  45’MAR  (Logatchev  hydrothermal  field).  The  RIFT 
was  towed  15  and  40  m  above  the  sea  floor.  Anomalous  zone  (AZ)  is 
situated  close  (10-30  m)  to  two  low-temperature  venting  areas  of  degrading 
sulphides  and  a  black  smoker  Irina-Microsmoke  forming  a  distinct  buoyant 
plume.  Over  or  close  to  the  main  area  of  high-temperature  venting  situated  to 
the  south-east  from  the  AZ  no  NF  and  Eh  anomalies  were  observed. 
According  to  the  results  of  Mir  dives  the  higly  mineralized  solutions  from 
smoking  craters  at  the  main  mound  form  non-buoyant  plumes  (reverse- 
plumes)  mostly.  The  NF  anomaly  was  crossed  on  two  levels  of  the  low  part 
of  the  buoyant  plume  characterized  by  the  high  concentration  of  Fe  sulphide 
particles,  low  redox  potential  and  S  concentration  in  bottom  waters.  The 
low-temperature  alteration  of  sulphides  with  biogeochemical  processes 
involved  also  may  cause  the  anomalies  of  the  NF.  But  the  Eh  and  pS  in  this 
case  must  be  much  higher  than  it  was  measured. 


ONE  MORE  EXPLANATION  OF  RELATIONSHIPS  PLAGIOGRANITES  AND 
HOST  GABBROIC  ROCKS  IN  SLOW-SPREADING  RIDGES. 

S.Silantyev  (1|,  H.Bougault  |2) 

(1)  Vernadsky  Institute  of  Russian  Academy  of  Sciences,  Moscow,  (2)  IFREMER, 
Brest,  France.  geochem@glas.apc.org/Fax;  +  095  938  20  54 

A  simplified  petrologic  model  of  the  oceanic  lithosphere  creation  suggests  that 
leucocratic  igneous  rocks  associated  with  Mid  —  Oceanic  Ridge  gabbro  are  late 
members  of  layered  magmatic  series  and  formed  by  fractionation  of  MORB 
produced  magmas.  This  study  is  intended  to  outline  magmatic  relationships 
oceanic  plagiogranites  and  host  gabbro  and  to  examine  their  genetic  conformity. 
Samples  selected  for  this  study  were  obtained  during  dives  of  submersble 
“Nautlle"  in  the  Rift  Valley  of  MAR  near  15<’20’FZ.  Granites  from  MAR  segment 
examined  form  thin  veins  in  host  gabbro;  residual  peridotites  are  present  at  same 
site  also.  These  rocks  correspond  to  throndjemites  and  consist  of  albite,  biotite, 
quartz,  secondary  actinolite  and  include  small  resorbed  xenoliths  of  host  gabbro. 
Composition  of  biotite  in  both  group  rocks  allow  us  to  suggest  that  its  variations 
depend  on  change  of  temperature  and  alkalinity  during  magmatic  interaction  of 
late  trondhjemitic  melts  and  host  gabbro.  Throndjemites  characterized  by  strong 
enrichrrient  of  LREE  :  (La/Sm)cn==3.3  — 4.2,  and  (Ce/Yb)cn  =  5.4— 10.9.  REE 
distribution  in  these  rocks  does  not  correspond  to  one  in  plutonic  suites  related 
with  MORB.  At  the  same  time,  host  biotite  -  bearing  gabbro  is  sufficiently 
enriched  by  LREE  in  comparison  with  associated  biotite  free  gabbro  : 
(Ce/Yb)cn  =  2-6  und  1.6,. consequently).  This  study  shows  that  at  least  two 
different  types  of  plagiogranites  are  present  in  Mid  — Oceanic  Ridges:  the  first 
one  has  genetic  relationships  with  host  gabbro  and  second  one  does  not  relate  to 
host  gabbroic  rocks  and  originated  from  other  magmatic  sources  characterized 
by  anomalous  geochemical  features  perhaps. 


Geochemical  and  geophysical  evidence  of  the  different  stages  of 
hydrothermal  activity  at  some  segments  of  the  East  Pacific  Rise. 

Sudarikov  S.M.  Research  Institute  for  Geology  and  Mineral  Resources  of  the 
Ocean  (VNlIOkeangeologia),  St.  Petersburg 
e-mail:  serg@g-ocean.spb.su,  fax:(8l2)l  14  14  70 

Existing  geophysical  and  geochemical  data  as  well  as  our  observations 
during  the  RA'  Morskoy  Geolog  Leg  3  on  the  EPR  segment  and  its  flanks  at 
1 1-14°  N,  SOJOURN-11  cruise  (R/V  Meiville)  along  the  EPR  crest  at  17°15'- 
18°3p'S,  R/V  Geolog  Fersman  Leg  4  on  the  EPR  at  21°20'-22°40'S  show 
high  correlation  between  some  of  such  parameters  as  the  position  of  the 
seismic  reflector,  intensity  of  magnetic  anomalies,  magnetic  properties  and 
petrochemical  features  of  young  basalts  sampled  from  or  near  the  crest  of  the 
EPR,  geochemical  variations  of  axis  lava  compositions  (MgO,  K  and  Fe 
contents),  distribution  and  style  of  hydrothermal  activity.  The  detailed  study 
of  magnetic  properties  of  different  parts  of  the  same  sample  from  13”  N 
shows  the  correlation  of  the  magnetic  properties  and  the  degree  of  basalt 
crystallization.  The  distribution  of  vents  at  17,5”  S  appears  to  reflect  4lh 
order  ridge  segmentation/magma  supply.  At  21,5°  S  within  the  magnetic 
anomaly  mostly  Fe-rich  varieties  were  sampled.  A  possible  scenario  for  the 
ridge  evolution  of  the  distinct  EPR  hydrothermal  areas  is  proposed. 


GEOLOGICAL  AND  GEOPHYSICAL  PARADOXES  OF  THE  MlD- 
ATLANTIC  RIDGE  (MAR)  DEEP  STRUCTURE 

E-V.Syrovatskaya,  M.LOvseplan,  V.D.  Kaminsky  (VNllGeofiZika, 
VNlIOkeangeologia,  kamln@g-ocean.spb.su,  Moscow,  StPetersburg) 

Gravimetric  Investigations  showed  the  presence  of  numerous  thick-crusted 
(up  to  40-50  kms  thick,  similar  to  contmental)  low-density  blocks  both  in  the 
a)dal  and  peripheral  MAR  regions:  Western  MAR  wing  at  10-13°S,  O-ICN 
near  Equator,  etc.  Within  these  ancient  (Mesozoic?)  limestones  (Verna 
[Bonatti,  1971])  and  even  more  ancient  (more  than  1,800,000  yrs)  migmatite- 
granites  (Doldrams  fault  [Troukhalyov,  1992D  were  found.  It  was  shown  that 
flank  (non-rift)  magmatism  Is  widely  rflshibuted  [Pussharovskii  et  aL,  1988] 
and  that  In  many  oases,  transform  zones  are  the  sources  of  fresh  basalt  lava 
(Chain,  Kane  and  Vernadsky  fracture  zones.  F^.  Compression  and 
stretching  stress  was  found  in  the  Romanche  and  Vernadsky  FZ.  Taken 
together  with  the  density  and  magnetic  asymmetry  of  the  wing  crust 
[Budanov,  1977, 1980, 1997,  GorodnitsWi,  1994, 1995.]  this  suggests  the 
Inadequacy  of  a  simple,  unkgie  model  of  MAR  development  AKemative 
models  should  be  forwarded  and  discussed  whir*  could  account  for  all  the 
complicated  and  diverse,  often  paradoxical  phenomena  geological, 
geophysical  and  geochemical)  related  to  MAR.  Some  of  these  models  are 
discussed  in  the  report 
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CORRELATIONS  BETWEEN  DEEP  SEISMIC  VELOCITY 
ANOMALIES  AND  ISOTPE  RATIOS  OF  MORE  ALONG  THE 
MID  ATLANTIC  AND  WEST  AND  CENTRAL  INDIAN  RIDGES 

J.L.  Thirot  (1),  E.  Humler  (2),  J.  Goslin  (1),  R.  Doucelance  (2)  and  J.P. 
Montagner  (2) 
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We  present  an  investigation  of  the  relationship  between  seismic  velovity  anoma* 
lies  in  the  mantle  and  the  isotopic  ratios  of  MORB.  The  3D  tomographic  models 
provide  a  full  coverage  of  the  globe  with  limited  resolution  at  short  wavelengths. 
Conversely,  geochemical  data,  sampled  in  a  limited  nurhber  of  sites,  do  not  gives 
acces  to  long  wavelengths.  The  North  Mid  Atlantic  Ridge  (MAR),  south  west 
and  Central  Indian  (SWIR  and  CIR)  offers  a  common  domain,  both  in  space 
and  wavelength,  where  a  comparision  can  be  performed.  These  ridges  define  a 
total  path  of  about  20000  km  with  limited  gaps  in  the  geochemical  sampling. 
In  the  upper  mantle,  we  only  observed  a  poor  correlation  close  to  700  km  depth 
(not  fully  significant)  along  the  MAR.  This  correlation  vanishes  in  the  lower 
mantle.  At  2500  km  depth,  the  correlation  increase  notably,  and  become  fully 
significant  close  to  the  core  mantle  boundary.  In  the  south  atlantic  and  Indian 
oceans,  we  observed  a  general  increase  of  both  the  Sr87/Sr86  ratio  and  of  the 
seismic  velocity  at  2800  km  depth  when  heading  south  (MAR)  or  East  (Indian) 
We  briefly  discus  the  possible  interpretations  of  these  correlations. 


SEIO  F ault  interaction  and  earthquake  mechanics 

Convener:  Das,  S. 
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SEISMOGENIC  STRESS  FIELD  IN  THE  SOUTH  ICELAND  SEISMIC  ZONE 
J.  Anseliern).  F.  Bergerat (1)  and  S.  Rognvaldsson  (2) 

(1)  Tectonique.  U.R.A.  1759,  Univ.  P.-&-M.  Curie,  Paris  France.ja@lgs.jussieu.fr. 

(2)  Icelandic  Meteorological  Office,  Reykjavik,  Iceland. 

In  the  South  Iceland  Seismic  Zone,  the  determination  of  the  stress  regimes  is  done 
through  calculation  of  stress  tensors,  involving  the  use  of  inverse  methods. 
Preliminary  analyses  of  ocal  mechanisms  recorded  by  the  S.l.L.  network  revealed  the 
presence  of  two  contrasting  stress  regimes  {Angelier  el  al,  1996,  in  «  Seismology  in 
Europe  »,  European  Seismological  Commission.  Reykjavik,  p.  199*204). 

A  major  NW-SE  extension  is  in  agreement  with  the  left-lateral  behaviour  of  the  E-W 
seismic  zone.  A  minor  NE-SW  extension  is  attributed  to  rebound  phenomena,  local 
block  accommodation  and  magmatic  effects.  For  both  these  regimes,  strike-slip 
mechanisms  prevail,  many  normal  and  few  reverse  mechanisms  being  also  present. 
Permutations  between  stress  axes.  02/^3  and  0\lcz,  are  common. 

The  crucial  problem  of  the  choice  between  nodal  planes  of  double  couple  focal 
mechanisms  is  solved  in  two  ways.  First,  some  methods  do  not  require  the  choice 
between  the  nodal  planes,  such  as  for  the  right  dihedra  (P-  and  T-  dihedra)  method. 
Second,  for  those  inversions  requiring  choices  between  nodal  planes,  and  because 
the  earthquakes  studied  are  very  shallow,  the  rich  geological  information  on  the 
fractured  medium  deserves  attention.  We  use  an  integrated  approach  including  four 
criteria:  geophysical  and  geological;  consideration  of  nodal  plane  attitudes  as 
compared  with  geological  discontinuities,  comparison  with  recent  fault  mechanisms 
observed  in  the  field,  consideration  of  mechanical  likelihood  for  each  fault  solution, 
and  best  fit  criterion  relative  to  the  stress  tensors  calculated. 

The  systematic  use  of  these  criteria  for  nodal  plane  selection  within  a  weighted 
approach  (reliability,  magnitude,  depth,  etc.)  allowed  better  determination  of  the 
stress  regimes  in  the  SISZ. 


A  COMPARATIVE  AHALYSIS  OF  THE  HDATLAHTIC  RIDOEAREAS 
Wm  SYMMETRICAL  AND  ASYMMETRICAL  QEOPHYSiCAL 
CHARACTERISTICS  OF  THE  WINO  CRUST. 

Vladimir  G.  Budanov  (yNIIGeaii2ika,tefg@aha.m,  Mo$eow) 

Symmetrical,  elements  in  crust  geometiy,  density  and  AT  can  belbund  in 
some  segments  of  the  Mid-ASanSc  Rdge  (MAI^  as  described  elsewhere. 
Therefbia,  a  spreading  model  can  be  used  to  describe  the  mechanism  of 
formation  these  zones.  However,  we  conclude  that  neither  this  model  nor 
Us  modifications  can  be  applied  to  the  vast  MAR  regions  surveyed  by  us 
(mote  than  20  geophysical  pioSaes  crosstog  MAR  liom  13°S  to  72°N).  This 
conclusion  Is  based  on  the  two  fundamental  focts:  Western  and  Astern 
wings  of  the  ridge  are  often  asymmeirical  both  in  their  crust  densfy  (2,4  and 
2,75  g/eem,  respectively)  and  to  their  thtchness  0he  Western  wing  crust  is 
appreximat^  twice  as  thick  as  the  Bntem  wing  crusQ.  In  this  thick 
Western  wing  crust  (up  to  50  kms)  besatts  Ibrm  only  a  thin  upper  layer.  The 
disruption  of  bilateral  tymmMiy  of  AT  was  also  observed  in  the  vast  MAR 
areas  {QoiDdnSsIcii,  1994,  199^.  And  ftoeKy,  it  was  shown  that  the  mean 
heat  flow  value  wiihto  the  Western  wing  Is  consideiably  higher  than  that 
wlhln  the  Eastern  vring  (60  and  40  trWI/sqm,  respecilvel^  podgomykh. 
1998].  Thus  Ills  dearthata  simple  wngle  model  of  crust  foirnation  (such  as 
spreading)  cannot  accountfortois  complicated  process  in  aO  Atlan^  areas 
and  the  more  sophisticsted  mechanisms  should  be  proposed.  These  ate 
presented  and  discussed  In  our  leport 


NEOTECTONIC  EVIDENCE  FROM  FIELD  STUDIES  OF  RECENT 
FAULTING  IN  THE  SOUTH  ICELAND  SEISMIC  ZONE  (SISZ) 

F.  Bergerat  and  J.  Angelier 

Lab.  Tectonique,  URA  1759,  Univ.  P.  et  M.  Curie,  Paris,  France 
bergerat@lgs.jussieu.fr 

Most  destructive  earthquakes  in  Iceland  have  occuired  in  the  SISZ.  We  collected 
about  700  brittle  tectonic  data  at  25  sites  in  Late  Pliocene  to  Holocene  basalts  and 
hyaloclastites.  At  each  site,  the  whole  data  set  reveals  two  opposite  stress  regimes, 
each  including  normal  and  strike-slip  faulting.  The  analysis  of  the  strike-slip  fault  in 
the  major  data  subset  indicates  paleostress  tensors  with  subborizontal  ol  and  di 
axes,  the  trend  of  o3  being  N270°E  to  N340'E  (main  trend:  N315°E).  The  normal 
faults  in  the  major  subset  characterize  vertical  ol  and  horizontal  o3  also  trending 
N270°E  to  N340°E.  In  the  minor  data  subsets,  the  direction  of  o3,  for  the  strike-slip 
faults  as  well  as  the  noimal  ones,  ranges  from  N20'E  to  N80'E  (N45°E  on  average). 
The  major  stress  regime  includes  70%  of-the  total  population  of  faults.  Of  a  total  of 
718  fault  slip  data,  55%  indicate  primarily  normal-slip  and  45%  primarily  strike- 
slip.  The  ratio  normal/strike-slip  faults  is  lower  than  in  other  areas  in  Iceland. 
Moreover,  many  normal  faults  were  generated  in  the  western  rift-zone  segment,  then 
drifted  out  of  it.  The  above  results  indicate  that  the  dominating  stress  field  in  the 
SISZ  favours  strike-slip  faulting,  with  an  horizontal  a3  axis  trending  approximately 
WNW-ESE  to  NW-SE.  We  point  out,  however,  that  in  addition,  there  is  a 
contrasting  minor,  stress  field,  characterized  by  approximately  NNE-SSW  to  NE-SW 
extension.  These  results  were  compared  to  the  stress  regimes  determined  from 
earthquake  focal  mechanisms.  This  comparison  reveals  that  the  paleostress  and  stress 
regimes  are  identical  and  that  the  changes  in  the  stress  field  of  the  SISZ  are 
characterized  by  stress  petroulationsbetweenol  and  o2  and  between  ol  anda3. 


CONTACT  LOSS  DURING  STICK-SLIP:  FROM  EXPERIMENTAL 
EVIDENCE  TO  INSIGHTS  FOR  SEISMIC  BEHAVIOUR. 

S.  Bouissou*.  J.-P.  Petit'  and  M.  Barquins^ 

1  Laboratoire  de  Geophysique  et  Tectonique,  University  Montpellier  II, 

Place  E.  Bataillon,  34095  Montpellier,  France,  (bouissou@dstu.univ-montp2.fr). 

2  LPMMH,  E.S.P.C.L,  10  rue  Vauquelin,  7523 1  Paris  cedex  5,  France. 

Following  the  ideas  that  interface  vibrations  could  give  a  possible  explanation  for 
some  problems  in  earthquake  mechanics  (Brune  et  al.,  1993)  and  that  stick-slip  is 
considered  as  an  analogue  of  seismic  rupture  (Brace  and  Byerlee,  1966),  a  detailed 
measurement  of  the  normal  displacement  during  stick-slip  can  give  insights  for 
seismic  behaviour. 

We  present  experimental  results  demonstrating  that  sliding  surfaces  are  separated 
during  stick-slip  under  a  wide  range  of  normal  pressure  (between  10  and  50  MPa) 
and  roughness  (between  3  and  128  pm  RMS  value)  using  a  PMMA  material 
analogue. 

Results  show  that  a  normal  displacement  occurs  during  and  after  the  slip  phase.  At 
50  MPa  for  smooth  surfaces,  the  maximum  normal  displacement  during  the  slip 
phase  was  found  to  be  higher  than  the  maximum  value  of  the  peak-to-trough  relief 
of  the  surface,  showing  the  evidence  of  contact  loss.  In  other  conditions,  the 
maximum  normal  displacement  was  higher  than  the  RMS  value  implying  a  contact 
loss  on  most  of  the  surface.  Another  very  important  observation,  made  in  some 
experiments,  is  that  the  normal  displacement  fluctuates  during  the  slip  phase.  This 
has  been  interpreted  as  elastic  rebound  between  sliding  surfaces. 
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CLUSTERING  AND  SIZE  DISTRIBUTIONS  OF  FAULT 
PATTERNS  :  THEORY  AND  MEASUREMENTS 

O.  Boiir  and  P.  Davy 

Geosciences  Rennes  (UPR  4661)  Campus  de  Beaulieu,  35042  Rennes 
Cedex  France,  Olivier.Bour@univ-rennes  1  .fr/Fax:  +33-2-99-28-60-88 

The  fractal  geometry  of  fault  systems  has  been  mainly  characterised  by 
two  scaling-laws  describing  either  their  spatial  distribution  or  their 
size  distribution.  However,  the  relationships  between  the  exponents  of 
both  scaling-laws  has  been  poorly  investigated.  From  a  theoretical 
analysis,  we  show  that  both  exponents  are  related  through  a  new 
simple  relation  involving  the  distance  from  a  fault  to  its  neighbours. 
Moreover,  we  propose  to  introduce  another  scaling-law  to  describe  the 
possible  correlation  between  the  position  of  a  fault,  its  length  and  its 
nearest  neighbours.  Measurements  of  the  relevant  exponents  on 
simulated  and  natural  fault  patterns  are  in  very  good  agreement  with 
the  theoretical  analysis.  In  particular,  we  show  statistically  that  the 
geometrical  characteristics  of  different  neighbours  are  clearly 
correlated,  certainly  because  of  the  mechanical  interactions  involved 
during  faults  system  dynamics. 


MODELING  OF  DEFORMATIONS  EARTHQUAKE  PRECUR¬ 
SORS  IN  ACTIVE  FAULT  ZONES. 

Churikov  V.A..  Kuzmin  Yu.O.  United  Institute  of  Physics  of  the 
Earth,  Resent  Geodynamic  Lab.,  Moscow,  Russia., 
VT.CHURIK@RELCOM.RU 

Quantitative  model  of  formation  of  a  deformation  earthquakes  precur¬ 
sors  in  active  fault  zones  was  elaborated.  The  model  is  based  on  the 
theory  of  elastic  inclusions  (model  analogues  for  earthquake  focus 
zones  and  active  faults). 

Unhomogenius  geological  medium  is  modeled  system  of  prismatic  in¬ 
clusions  with  decreased  mechanical  properties  (i.e.  fault  zones). 
Mechanism  parametrical  intensification  of  precursors  deformations  in 
fault  zones  was  elaborated.  Results  of  modeling  is  compared  with  lev¬ 
eling  measurements  obtained  during  period  of  earthquake  preparation 
processes  (for  example  earthquake  March  2,  1992,  Ml=7.1,  Kamchat¬ 
ka  region,  Russia)  and  good  reproducibility  is  demonstrated. 

New  technology  for  study  precursors  deformations  in  active  fault 
zones  with  using  classical  geodetic  methods  is  proposed. 


DYNAMIC  VERSUS  STATIC  STRESS  CHANGES;  INFERENCES 

ON  THaEARTHQUAKE  NUCLEATION  PROCESS 

Cocco  M.  (1),  Belardiiielli  M.E.  (1),  Coutant  0.  (2)  and  Cotton  F.  (3) 

(1)  I.  N.  G.,  Rome,,  (2)  LGIT,  Grenoble,  (3)  Istitute  de  Prot.  et  Surete  Nucle¬ 
ate,  France. 

Fault  Interaction  and  earthquake  triggering  caused  by  coeeismic  ruptures  have 
been  recently  .studied  either  with  dynamic  or  static  stress  changes.  We  have 
Investigated  the  spatio-temporal  evolution  of  the  dynamic  stress  outside  a  rup¬ 
turing  extended  fault.  The  stress  time  history  evolves,  after  a  transient  phase,  to 
the  final  static  stress  value.  The  application  to  the  1980  (M  8.9)  Irpinla  normal 
faulting  earthquake  is  particularly  interesting  because  the  first  two  subevents 
are  separated  in  time  by  20s,  while  a  third  subevent  occurred  40s  after  the 
rupture  onset.  The  dynamic  stress  changes  caused  by  the  rupture  of  the  first 
.subevent  show  that  the  peak  of  dynamic  stress  on  the  20s  fault  plane  is  reached 
within  8.76  sec  from  the  rupture  initiation.  The  static  level  is  reached  on  the 
20a  fault  plane  after  13.75  s.  Thus,  the  dynamic  rupture  did  not  Jump  from  a 
rupturing  segment  to  the  adjacent  one  immediately,  but  the  triggering  of  the 
Subevent  is  delayed  by  nearly  10s.  This  time  delay  seems  to  be  too  long  to 
be  intepreted  as  the  duration  of  a  nucleation  phase.  However,  it  can  be  ex¬ 
plained  in  terms  of  a  frictional  instability  model,  if  the  frictional  properties  of 
the  subevent  fault  are  relatively  weak. 


LOOKING  FOR  SUPERSONIC  RUPTURE  VELOCITIES  . 

F.  Cotton  (1),  B.  Hernandez  (1,2)  and  M.  Campillo  (2) 

(1)  Institut  de  Protection  et  de  Surete  Nucleaire,  Fontenay  aux  Roses,  France., 

(2)  Universite  Joseph  Fourier,  Grenoble,  France.. 
cottonOberlin.far.cea.fr 

The  recent  dynamic  simulation  of  the  1992  Landers  earthquake  performed  by 
Olsen  et  al.  (Science,  december  1997)  has  shown  a  strong  variation  of  the  rup¬ 
ture  front  velocity  from  subsonic  to  supersonic  values.  Supersonic  velocities 
were  not  expected  from  kinematic  inversions  of  recent  wel!  studied  earthquakes. 
Two  reasons  could  explain  why  the  evidence  of  such  supersonic  values  are  sparce 
in  past  inversions.  First  there  is  a  trade  off  between  slip  amplitude  and  rupture 
time  that  affects  solutions  based  on  seismic  data  alone.  Therefore  it  is  necessary 
to  constrain  the  slip  amplitude  distribution  by  independant  data  in  order  to  re¬ 
cover  the  temporal  details  of  rupture  propagation.  Second,  a  priori  constraints 
introduced  by  the  parameterisation  used  in  the  inversions  usually  constrain  the 
maximum  value  of  the  rupture  front  velocity.  To  solve  these  problems,  S.4R  in¬ 
terferometric  data  are  used  to  obtain  high  resolution  slip  amplitude  models. 
Then  strong  motion  data  are  inverted  through  an  inversion  where  the  slip  dis¬ 
tribution  and  his  error  are  constrained  by  the  results  of  the  geodetic  inversion 
and  the  rupture  front  velocity  varies  freely  without  constrains  to  fit  the  seismic 
data. 


Method  for  multi-scale  strlctlral  and  temporal  analysis  of 

EPICENTRAL  DISTRIBUTION  OF  AN  EARTHQUAKE  SEQUENCE  USING  ANISOTROPIC 
wavelets 

J.  Darrozes  P.  Gaillot  and  P.  Couijault-Rade 

UMR  5563  -  CNRS  O  M  P  ,  UPS.  38  rue  des  36  ponts,  31400  Toulouse,  France 
darrozes@lucid.ups-tlse,fr/  Fax  :  (33)  5  61  52  05  44 

Investigation  of  multi-scale  spatial  organization  of  earthquake  aftershocks  sequence 
is  proposed  to  identify  seismically  active  planes,  and  to  investigate  interactions  of 
rupture  propagation  and  the  highly  fractured  uppermost  crust.  An  efficient  method, 
namely  the  Normalized  Optimized  Anisotropic  Wavelet  Coefficient  (NOAWC) 
method  has  been  developed  to  exhibit  among  a  set  of  hypocentres  the  significant 
structures  linked  to  seismically  active  rupture  planes.  This  method  is  based  on  the  2D 
anisotropic  wavelet  transform  which  permits  the  detection  of  organized  structures  in 
a  plane  regardless  of  its  size,  location,  shape  anisotropy  and  orientation.  Further,  the 
method  intrinsically  accounts  for  uncertainty  in  the  location  of  the  seismic  events  and 
does  not  require  geological  presuppositions  Results  of  the  NOAWC  method  on  the 
data  set  of  the  M  =  5,1  Arudy  earthquake  sequence  (02/29/80,  western  Pyrenees)  a 
posteriori  combined  with  seismic  and  geomorphologic  data,  allow  us  to  reconstruct 
the  3D  geometry  of  the  active  fault-planes,  and  underline  the  seismic  features  linked 
to  the  regional  tectonic  and  geomorphologic  processes.  In  addition,  the  NOAWC 
method  also  makes  it  possible  to  depict  rupture  propagation  with  time,  a  fundamental 
step  for  understanding  the  physics  of  the  earthquake  generation  process. 


A  MODEL  OF  FAULT  INDENTATION 

M.  Dragoni  and  A.  Piombo 

Dipartimento  di  Fisica.  Universita’  di  Bologna 

piombo@ibogfs.df.unibo.it/Fax:  +39  51  6305058 

Spatial  inhomogeneities  in  friction  play  a  dominant  role  in  fault  mechanics.  A 
nonplanar  fault  model  is  proposed,  having  two  protrusions  which  may  come  into 
contact.  The  relative  motion  of  fault  faces  produces  the  contact  and  indentation  of  the 
protrusions  with  the  formation  of  an  asperity.  As  a  consequence  of  fault  motion,  the 
fault  faces  at  the  asperity  undergo  an  elastic  deformation.  The  stress  field  is  calculated. 
Deformation  increases  with  time  until  the  maximum  shear  stress  is  less  than  the  limit 
of  elasticity  of  rocks;  beyond  this  limit,  rock  is  fractured  and  fault  gouge  is  produced. 
The  volume  of  gouge  is  evaluated  as  a  function  of  the  asperity  size  and  the  degree  of 
indentation  of  protrusions. 
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SOURCE  RADIATION  SPECTRA  IN  SUBDUCTION  AND 
SPREADING  ZONES. 


E.Lvskova*.  Yu.Roslov,  T.Yanovskaya 
*  Hamburg  University,  Germany 
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STRESS  CHANGES  IN  THE  SUBDUCTED  PLATE  CAUSED  BY 
LARGE,  SHALLOW,  THRUST  EARTHQUAKES:  AN  APPLICA¬ 
TION  TO  THE  BENIOFP  ZONE  OP  MEXICO 
Gardi  A.  (1),  Cocco  M.  (2),  Negredo  A.  (1),  Sabadinl  R.  (1)  and  SinKli  9.K.  (3) 
(1)  University  of  Milano,  (2)  I.  N.  G.,  Rome,,  (3)  Istituto  de  GeoCslca,  UNAM, 
Mexico. 

BeniofI  zone  of  the  subducted  Cocos  plate,  between  99  and  102  degrees  W, 
below  the  coast  of  Guerieco,  Mexico,  commences  with  a  shalow  angle,  starts 
unbending  at  about  100  km  from  the  trench  and  becomes  subhorizontal,  reach¬ 
ing  a  depth  of  50  km  .at  a  di.stancc  of  about  300  km.  Although  most  moderate 
and  large  normal-faulting,  intermediate-depth  earthquakes  in  this  region  oc¬ 
cur  in  the  subducted  slab  far  from  the  coast,  some  significant  normal-faulting 
events  are  located  close  to  the  coast,  just  below  the  downdip  edge  of  the 
large  magnitude  thrust  rupture  plane.  Contrary  to  what  is  generally  observed, 
these  normal-faulting  events  are  preceeded  by  large,  shallow  thrust  earthquakes. 
This  suggests  a  causal  relationship  between  the  thrust  and  the  normal-faulting 
events.  To  explore  this  further,  we  have  carried  out  2-D  viscoelastic  finite  el¬ 
ement  modelling,  which  allows  the  analysis  of  the  stress  field  both  when  the 
slab  is  driven  by  the  slab  pull  only  and  when  the  plate  convergence  is  included. 
We  then  analyze  the  stress  changes  within  the  subducted  slab  when  a  locked 
asperity  is  located  on  the  thrust  plane,  and  calculate  the  stress  changes  caused 
by  the  shear  dislocation  along  the  shallow  angle  thrust  fault.  We  study  the  dis¬ 
tribution  of  stress  along  vertical  cross  sections  (perpendicularly  to  the  trench), 
where  the  normal  faulting  events  have  been  located. 


POSTSEISMIC  TRANSIENCE  &  THE  HETEROGENEOUS  RHEOLOGY 
OF  THE  DEEP  CRUST 

E.  R.  Ivins 

Jet  Propulsion  Laboratory,  California,  eri@scnl.jpl.nasa.gov/Fax:  818-354-0966 

Observations  of  rapidly  evolving  postseismic  deformation  following  major  earth¬ 
quakes  are  now  retrieved  with  great  accuracy  and  spatial  coverage.  Theoretical 
interpretation  of  this  data,  however,  continue  to  be  rather  nonunique.  One  in¬ 
terpretation  is  that  rapid  deformations  are  caused  by  aseismic  creep  along  the  bro¬ 
ken  fault  zone.  An  alternative  inteipretation  is  that  deep  and  widespread  flow  of 
the  lower  crust  and  mantle  is  involved.  The  latter  mechanisms  are  important 
since  they  act  to  relieve  regional  crustal  stress.  En  toto,  a  consideration  of  quartz 
flow  laws,  thermal  profiles,  exposures  of  mylonittc  horizons  in  geological  cross 
section  and  the  polymineralogy  of  the  lower  crust  lends  support  to  the  hypothesis 
of  widespread  creep.  A  realistic  model  of  the  1992  Landers  earthquake  in  the 
southwestern  U.S.  is  presented  which  is  constrained  by  both  GPS  and  laser 
strainmeter  observations.  The  key  feature  of  such  a  model  is  its  ability  to  explain 
the  multiplicity  of  exponential  decay  constants  that  are  dictated  by  the  data.  For 
a  heterogeneous  viscoelastic  model  this  multiplicity  is  due  to  the  different  flow 
laws  that  apply  to  spatially  isolated  pockets  of  “soft”  material  embedded  within 
the  crast  and/or  mantle.  If  the  viscosity  of  isolated  inclusions  is  approximately 
3-4  X  10'*  Pa  s  then  the  observed  4-34  day,  and  longer,  exponential  decay  time 
constants  may  be  retrieved.  The  low  viscosity  inclusions  in  this  model  may  have 
a  concentration  at,  or  lower  than,  5%,  depending  upon  the  degree  of  anisotropy 
allowed. 


THE  SELF-ORGANIZATION  OF  THE  CRACKS  ARISING  DUR¬ 
ING  LOADING  THE  ROCK  AS  THE  REASON  OF  EARTH¬ 
QUAKE 

V.  V.  Kuznetsov 

Institute  of  Geophysics  SB  R.4S,  University  av.,  3,  Novosibirsk,  Russia  630090. 
kuzCuiggin.nsc.ru 

The  model  of  the  crack  self-organization  arising  in  the  rock  sample  (granite) 
during  its  loading  is  suggested.  This  model  is  based  on  the  proposed  effect  of 
the  acoustic  wave  interaction  between  the  formed  cracks.  In  this  model  the 
solutions  of  the  Fokker-Planck  equation  are  used  which  explain  the  results  of 
laboratory’s  experiments  in  which  the  phenomenon  of  the  spontaneous  increase 
of  the  acoustic  emission  intensity,  its  spatial  and  temporal  clasterization  and 
the  fractal  structure  formation  in  the  presence  of  the  constant  and  smoothly 
changing  load  on  the  rock  samples. 


Moment  rate  spectrum,  as  well  as  seismic  moment  Mo,  comer  period  Tc, 
stress  drop  and  P-wave  energy  Ep  were  determined  for  the  earthquakes  in 
spreading  and  subduction  zones  from  teleseismic  data.  To  correct  the 
observed  P-wave  spectra  for  the  energy  loss  along  the  wave  path  we  used 
the  AK135  Q-model  as  being  in  better  agreement  than  PREM  with  the 
observations.  A  difference  between  the  moment  magnitude  Mw  and  the 
energy  magnitude  Me  (Yanovkaya  et  al,  1996)  was  used  to  discriminate 
between  short-  and  long-period  source  radiation.  Analysis  of  stress  drops 
and  Mw-Me  indicates  a  difference  in  the  radiation  spectra  in  the  spreading 
and  subduction  zones  similar  to  that  obtained  previously  by  the  analysis  of 
the  creepex  (Kaverina  et  al.,  1996).  A  relation  between  spectral  parameters 
and  focal  mechanism  is  shown  by  analysis  of  some  selected  earthquakes  at 
the  Russian  Far  East  and  in  Japan. 


Ratll  Madariaga  (1,2) 

(1)  Laboratoire  de  Gfologic,  E.N.S,  Paris,  Rrance,  (2)  Unlversltd  Denis  Diderot,  ■ 
Paris,  France. 

madariag#dorrite.en8.fr/Fax:  [.3.3'  1-44-32-22-00 

Earthquakes  are  very  complex  rupture  phenomena  as  evidence  by  seismic  radi¬ 
ation,  aftershocks,  variable  slip  distributions,  etc.  The  origin  of  this  complexity 
remains  a  subject  of  heated  discussion.  Some  authors  propose  that  slip  hetero¬ 
geneity  and  complexity  are  an  essential  part  of  the  rupture  process  (Carlson 
and  Langer,  Cnchard  and  Madariaga),  others  claim  that  heterogeneity  must  be 
quenched  (phy.s{cal  discontinuities  and  material  beterogeueily)  because  slip  dis¬ 
tribution  on  a  preexisting  fault  is  generally  very  smooth  (Ben  Zion,  Rice,  etc). 

I  reexamine  this  qne.st.ion  using  an  improved  formulation  of  the  BIE  method  for 
a  flat  3D  ‘'acoustic”  fault.  In  this  model  displacement  is  a  scalar  function  that 
has  a  jump  (slip)  across  the  fault  and  stress  a  vector  valued  variable.  We  show 
that  the  integral  equation  has  the  same  overall  form  as  that  of  elastic  shear 
faults,  but  it  cequire.s  only  a  fraction  of  the  storage  space  in  the  computer.  This 
simplifles  computations  considerably  so  that  we  can  simulate  suites  of  “acous¬ 
tic"  earthquakes  in  3D  as  we  did  earlier  in  2D  with  Cochord.  Results  show 
that  the  behavior  of  this  simple  system  is  narrowly  controlled  by  the  friction 
law.  1  consider  simple  friction  laws  (slip  and  rate-weakening)  and  a  simplified 
version  of  the  state  dependent  friction  of  Dieterlch  and  Ruina.  We  find  that 
heterogeneity  disappears  it  friction  has  very  long  memory  effects,  while  it  is 
strong  if  friction  is  strongly  and  rapidly  velocity  dependent. 


EARTHQUAKE  THERHODTNAMICS  AND  EJkRTHQUAKE 
SHEAR  BAND  MODEL 

E.  Maiawski  and  R.  Teisseyre 

Institute  of  Geophysics,  Polish  Academy  of  Sciences, 
ul.  Ksiecia  Janusza  64,  01-452  Warsaw,  Poland 
emaj8igf.odu.pl,  RT8igf.edu.pl 

Thermodynamic  modelling  of  deformation  processeses  at 
the  earthquake  foci  is  presented.  Our  previous  paper 
(TectonophysicB  277  (1997)  219-233)  is  extended  and 
dimensions  of  the  earthquake  source  were  determined. 
Moreover,  an  entropy  jump  during  an  earthquake  and  se¬ 
ismic  moment  were  expressed  in  terms  of  microscopic 
quantities.  Fundamental  thermodynamic  relations  for 
line  defects  (dislocations,  linear  vacancies)  are  for¬ 
mulated  under  the  assumption  that  a  dense  network  of 
defects  forms  a  kind  of  super lattice.  The  super lattice 
is  treated  as  a  reference  state.  Thermodynamic  functi¬ 
ons  of  line  defects  are  associated  with  defects  in  the 
super lattice.  With  this  assumption  the  Gibbs  free  ene¬ 
rgy  may  have  a  minimum  corresponding  to  the  equilibri¬ 
um  concentration  of  vacant  dislocations  in  the  super¬ 
lattice.  A  departure  from  the  super lattice  is  investi¬ 
gated  during  deformation  processes  and  fracturing. 

Some  parameters  of  the  earthquake  source  are  determin¬ 
ed  and  comparisons  with  seismic  measurements  are  depi¬ 
cted.  A  good  agreement  with  observations  is  confirmed. 


THE  ORIGIN  OF  COMPLEXITY  IN  SEISMIC  SOURCES 
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TEMPORAL  VARIATIONS  IN  SCALING  RELATIONSHIPS  OF  A  FLUID- 
CONTROLLED  FAULT  IN  A  SELF-ORGANIZED  CRITICAL  STATE 

S.A.  Miller 

Geology  Institute,  ETH-Zurich,  Switzerland,  steve@erdw.ethz.ch 

An  earthquake  model  that  couples  the  mechanical  effects  of  fluid  with  long-term 
plate  motion  self-organizes  to  a  state  where  one  final  unbroken  patch  (asperity) 
remains  along  the  fault  plane.  Following  the  failure  of  this  final  asperity  at  around 
3S0  years,  the  model  fault  maintains  a  fully  self-organized  critical  state,  with 
additional  asperities  forming,  destructing,  and  migrating  along  the  fault  plane.  The 
self-organized  critical  state  is  evidenced  by  a  power  law  spectrum  (\lf  noise)  of  the 
seismicity  timeline  for  the  subsequent  800  years  of  model  simulation.  Because 
physical  units  are  preserved  in  this  model,  scaling  relationships  can  be  compared 
directly  with  observations.  I  present  the  evolution  and  variations  of  scaling 
relationships  among  model  parameters  while  in  this  critical  state,  including  source 
dimension,  seismic  moment,  and  stress  drop.  Two  scales  emerge  between  source 
dimension  and  seismic  moment.  An  L^  scaling  is  observed  which  reflects  isolated 
events  and  results  from  the  initial  assumption  that  slip  is  proportional  to  stress  drop. 
A  strong  L’  scaling  also  evolves,  and  which  reflects  the  correlation  of  long-range 
interactions  set  up  in  the  self-organization  of  the  system.  Two  scaling  clusters 
emerge  between  seismic  moment  and  stress  drop,  with  larger  events  having  stress 
drops  between  1-lOMPa,  and  smaller  seismic  moments  having  stress  drops  between 
10-100  MPa.  This  is  also  observed  in  two  distinct  clusters  relating  source  dimension 
to  stress  drop.  Throughout  the  simulation,  the  b-value  stays  relatively  stable  with  a 
value  of  about  0.7,  but  spatial  and  temporal  variations  are  observed  corresponding  to 
the  slip  behavior  at  depth. 


A  ROLE  OF  THE  CONSTITUTIVE  LAW  IN  SCALING  SCALE- 
DEPENDENT  PHYSICAL  QUANTITIES  INHERENT  IN  SHEAR 
RUPTURE 
M.  Ohnaka 

Earthquake  Research  Institute,  University  of  Tokyo,  Bunkyo-ku,  Tokyo  113. 
ohnaka-mOeri.u-tokyo.ac.  jp/Fax:  [-1-81]  3  5689  7234 
It  is  widely  recognized  that  some  physical  quantities  inherent  in  shear  rupture 
are  scale-dependent.  Such  scale-dependent  physical  quantities  include  the  shear 
fracture  energy,  the  breakdown  zone  size  and  its  duration,  the  nucleation  zone 
size  and  its  duration,  the  slip  acceleration,  and  the  cutoff  frequency  of  the 
power  spectral  density  of  the  slip  acceleration  versus  time  record.  How  can 
these  scale-dependent  physical  quantities  be  treated  unifyingly  in  quantitative 
terms  ?  The  introduction  of  the  constitutive  law  is  indispensable  for  providing 
a  unified  comprehension  for  the  shear  rupture  of  any  size  scale  -  small  scale 
in  the  laboratdry  to  large  scale  in  the  Earth  as  an  earthquake  source,  and  the 
above  question  can  be  answered  by  formulating  the  constitutive  law  for  shear 
rupture  so  as  to  meet  the  physical  constraints,  which  lead  to  the  conclusion  that 
the  constitutive  law  be  formulated  as  a  slip-dependent  law.  The  slip-dependent 
constitutive  formulation,  which  includes  a  scaling  parameter  Dc.  allows  one  to 
treat  scale-dependent  physical  quantities  unifyingly  in  quantitative  terms. 
plays  a  fundamental  role  in  scaling  scale-  dependent  physical  quantities,  and 
Dc  in  turn  is  prescribed  by  the  fault  zone  property,  particularly  by  geometric 
structure  of  the  fault  zone. 


NUMERICAL  MODELLING  OF  FAULT  INTERACTION  USING  THE 
3D  DISTINCT  ELEMENT  METHOD 

Pascal  C..  Angelier  J.  &  Lepvrier,  C. 

Lab.  Tectonophysique  URA  1759,  UPMC,  4  pi.  Jussieu  75252  Paris  France 
pascal@lgs.jussieu.fr,  ja@lgs .Jussieu.fr,  pepe@lgs.jussieu.fr 

The  current  study  deals  with  fault  interaction  modelling,  using  the  3D 
Distinct  Element  Method.  This  method  allows  numerical  modelling  of  rock 
masses  affected  by  natural  discontinuities  such  as  faults.  The  behaviour  of 
the  faults  as  induced  by  far  field  stresses  is  modelled.  Rheological  properties 
of  the  rocks  as  well  as  mechanical  behaviour  of  faults  by  means  of  Mohr- 
Coulomb  criteria  is  taken  into  account.  According  to  some  assumptions,  it 
has  already  been  demonstrated  that  fault  displacements  are  responsible  for 
local  stress  perturbations.  However,  the  behaviour  of  conjugate  fault  patterns 
follows  usual  laws  based  on  the  Wallace-Bott  hypothesis.  Such  models 
consider  that  faulting  is  directly  related  to  the  regional  stress  tensor.  In 
actual  cases  of  more  complex  patterns  that  includes  inhereted  planes  they 
fail  to  explain  sortie  observed  fault  displacements.  The  aim  of  our  study  is  to 
demonstrate,  in  the  case  of  non-conjugate  fault  patterns  made  of  two 
inhereted  faults,  that  faults  interact  by  means  of  local  stress  perturbations 
induced  by  their  displacements.  And  fault  displacements  are  led  by  the  local 
stresses  instead  of  being  led  by  the  regional  far  field  stress  tensor. 


SLIP  DISTRIBUTIONS  AND  SOURCE-TIME  FUNCTIONS  IN  A 
HETEROGENEOUS  SLIDER-BLOCK  MODEL 

J.D.  Pelletier 

Mail  Code  150-21,  Caltech,  Pasadena,  CA  91125,  USA. 
jonflgpa .  caltecb .  edu/Fax:  626-585-1917 

We  consider  a  two-dimensional  array  of  masses  attached  to  a  driver  plate  and 
coupled  together  by  springs  as  a  simple  model  of  an  earthquake  fault.  The 
blocks  rest  on  a  table  and  have  a  random  distribution  of  static  coefficients  of 
Eiction,  characterized  by  a  coefficient  of  variation,  to  model  geometrical  ir¬ 
regularities  of  the  fault  zone.  The  coefficients  of  friction  are  also  strain-rate 
dependent  in  a  manner  consistent  with  laboratory-derived  friction  laws.  This 
model  is  integrated  forward  in  time  and  analyzed  with  respect  to  many  fea¬ 
tures  including  the  frequency-size  distribution  of  slip  events,  the  frequency  of 
the  occurrence  of  foreshocks  and  aftershocks,  the  scaling  of  stress-drop  with  mo¬ 
ment,  and  the  statistics  of  slip  patterns  and  fax-field  displacement  functions. 
The  model  behavior  is  compared  to  observed  seismicity  in  each  respect.  As  the 
fault-plane  heterogeneity  is  increased  in  real  and  model  seismicity,  the  ratio  of 
the  largest  event  to  the  background  seismicity  decreases,  richer  foreshock  and 
aftershock  sequences  are  observed,  and  displacement  functions  are  more  highly 
variable  in  space  and  time.  All  of  these  features  axe  quantitatively  related  to 
the  fault-plane  heterogeneity. 


JAOBT  INTERACTION  CAUSED  BY  ELASTIC  (STATIC)  AND 
'VISCOELASTIC  (POSTSEISMIC)  STRESS  CHANGES 

Piersanti  A.  (1),  Nostro  C.  (1)  and  Cocco  M.  (1) 

(1)  Istituto  Nazionalc  di  Geofisica,  Roma,  Italy. 

Wc  study  the  stress  field  produced  by  a  shear  dislocation  in  a  spherical, 
viscoelastic,  stratified,  self-gravitating  earth.  This  model  allows  for  a  self- 
con.sistent  investigation  of  coseismic  and  postsclsmic  stress  fields  over  distances 
ranging  between  few  kilometers  to  thousands  of  kilometers,  where  plane  ge¬ 
ometry  fails.  Even  if  the  spherical  earth  model  provides  an  analytical  solution 
for  tltc  Stress  field,  it  does  not  allow  to  easily  obtain  the  stress  tensor  in  the 
cartesian  framework.  Thus  the  computation  of  the  Coulomb  failure  function 
in  the  spherical  framework  is  not  straightforward.  For  this  reason  we  calculate 
the  stress  field  by  means  of  a  numerical  differentiation  of  ground  displacements 
computed  using  the  spherical  method  proposed  by  Piersanti  et  a1.  (1995).  Post- 
seisinic  relaxation  should  be  taken  into  account  to  study  the  stress  changes 
caused  by  an  earthquake  over  time  scales  ranging  between  few  years  to  several 
centuries.  Thus,  it  has  to  be  considered  to  investigate  fault  interaction  between 
faults  which  ruptured  during  historical  earthquakes.  This  is  particularly  impor¬ 
tant  in  regions  where  the  tectonic  load  is  low,  because  the  long  repeat  times 
of  large  earthquakes  requires  the  computation  of  both  static  and  postseismic 
stress  fields.  In  such  cases,  the  static  stress  changes  will  also  produce  a  larger 
time  advance  for  earthquake  failure.  We  applied  our  methodology  to  investi¬ 
gate  the  stress  field  perturbation  in  several  Italian  seismic  zones  characterized 
by  different  tectonic  regimes. 


STRONG  MOTION  MODELLING  FOR  THE  1976  FRIULI 
EARTHQUAKE  (NE  ITALY) 

Sarah  A.  (1,2),  Burlo  Z.  (1)  and  P.  Suhadolc  (1,2) 

(1)  Dipartimento  di  Scienze  della  Terra,  University  of  Trieste,  Via  Weiss  1 ,  Tri¬ 
este,  Italy,  (2)  The  Abdus  Salam  International  Centre  of  Theoretical  Physiscs, 
SAND  Group,  Trieste,  Italy. 

Strong  ground  motion  accelerations  for  the  May  6,  1976  Friuli  earthquake 
(Ms=6.5)  are  computed  for  a  spatially  extended  fault  model.  The  position 
and  geometry  of  the  source  model  is  in  agreement  with  the  most  recent  results 
concerning  the  relocation  of  the  main  shock  and  the  new  geotectonic  evidences 
for  the  region  under  study. 

The  comparison  of  the  synthetic  accelerograms  with  the  available  teal  data 
constrains  the  feasible  rupturing  processes  for  this  event  and  confirms  its  com¬ 
plexity.  Different  rupture  models  are  considered  also  to  estimate  the  range  of 
the  e.xpected  accelerations  for  possible  future  events  in  the  area.  Our  results, 
besides  contributing  to  a  better  knowledge  of  the  1976  earthquake  itself,  are  of 
utmost  importance  for  the  seismic  hazard  assessment  of  the  Friuli  region. 
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MODELLING  OF  PRESEISMIC  PROCESSES  IN  THE  SYSTEM 
OF  CRUSTAL  BLOCKS. 


Yu.P.Vftveluk,  T.B.Yanovskaya  (Institute  of  Physics, 
St. Petersburg’s  State  University,  Petrodvoretz,  198904,  St.- 
Petersburg,  Russia) 
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A  model  is  proposed  for  slow  movements  of  crustal  blocks  and  for 
preseismic  processes  within  fault  zones.  Crustal  blocks  are 
assumed  to  be  rigid,  and  rheological  properties  of  the  material  in 
the  fault  zones  are  described  by  a  standard  linear  solid.  Changes 
in  the  behaviour  of  the  fault  material  due  to  microfracturing, 
water  saturation  of  the  cracks,  increase  of  stresses  prior  to  the 
rupture  are  modelled  by  changes  of  the  parameters  of  the 
standard  linear  solid,  which  occur  when  strain  or  stress  exceeds  a 
given  threshold.  Displacements  of  the  blocks,  strains  and  stresses 
in  the  fault  zones  as  functions  of  time  are  determined  from  a 
linear  system  of  differential  equations,  which  are  solved 
numerically.  Two  2D  models  are  considered:  movement  in  a 
vertical  plane,  which  explains  tilt  anomalies  prior  to  the 
earthquake,  and  movement  in  a  horizontal  plane  simulating 
deformation  anomalies  obtained  from  geodetic  survey. 


SEll  Lithospheric  dynamic  processes  as  seen 
from  geomorphology 

Convener:  Burn,  J.-P. 

Co-Convener:  Kirby,  M. 


MORFOTECTOMCS  EVOLUTION  OF  THE  NE  BULGARIA 

Dora  Angelova 

Geological  Institute.  Bulg.  Acad,  of  Sci., 

Sofia.  1 1 13.  emaihdoraanglSgeology.acad.bg. 

The  Neogene  and  Quaternary  morfotectonic  evolution  the  NE  Bulgaria  is  a  multi  - 
phase  process,  connected  to  the  global  reorganization  of  the  Precatpathian.  Euxino  - 
Caspian  and  Black  Sea  basins.  It  is  manifested  by  tectonic  predetermination  of  the 
alluvial  basins,  the  stages  in  the  development  of  the  river  and  sea  terraces,  gravity  - 
and  Karst  shapes  as  well  as  palaeoseismic  efects. 


EROSION  AS  THE  MAIN  MECHANISM  OF  UPLIFT  ALONG 
TRANSFORM  FAULTS 

C.  Basilefll  and  P.  Allemand  (2) 

(I)  LGCA,  UPRES-A  5025,  University  de  Grenoble  1,  (2)  ENS  Lyon,  UMR  5570 
cteile@ujf-grenobIe.fr 

The  topography  of  transform  plate  boundaries  is  characterized  by  a  narrow  and 
elongated  valley  where  is  located  the  active  transform  fault.  This  valley  is  bounded 
at  least  on  one  side  by  an  asymmetric  ridge,  with  a  steep  slope  towards  the 
transform  valley,  and  the  gentle  slope  outwards.  This  topography  is  observed  in  all 
geodynamical  settings:  intracontinental,  as  along  the  Dead  Sea  rift,  intra-oceanic 
(transverse  ridges  in  fracture  zones),  or  at  the  continent-ocean  transition  (marginal 
ridges  in  transform  continental  margins).  In  every  case,  the  shape  of  the  asymmetric 
ridge  can  be  described  by  the  upward  flexure  of  the  edge  of  a  lithospheric  elastic 
plate.  Many  hypothesis  have  been  proposed  to  explain  this  flexure:  extension 
perpendicular  to  the  transform  fault,  differential  thermal  subsidence,  lithospheric 
heating  by  thermal  conduction  across  the  transform  fault.  Here  we  present  numerical 
experiments  where  flexural  uplift  is  computed  from  unloading  by  erosion  of  the  edge 
of  an  elastic  plate.  Because  a  transform  plate  boundary  brings  into  contact 
lithospheric  plates  of  different  altitudes  (because  of  differences  in  age,  nature  or 
thickness),  the  vertical  transform  fault  accommodates  at  surface  a  step  in  topography. 
As  a  vertical  surface  can’t  be  preserved,  the  edge  of  the  higher  plate  is  eroded.  This 
erosional  unloading  is  used  to  compute  the  flexural  uplift  for  several  natural 
examples,  in  different  geodynamical  settings.  In  most  cases,  erosion  alone  provides  a 
good  fit  between  the  model  and  the  shape  of  transform  ridges. 


VARIABLE  WAVELENGTH  TECTONIC  PROCESSES  IN 
PENINSULAR  ITALY  REVEALED  BY  A  SYSTEMATIC  RE¬ 
ASSESSMENT  OF  125  KA  MARINE  TERRACE  DATA. 

Bordoni  P.  (1)  and  Valensise  G.  (!) 

(1)  Istituto  Nazionale  di  Geofisica,  Roma,  Italy. 
bordoniCingrm.it 

To  investigate  the  role  of  tectonic  uplift  in  the  framework  of  modern  Italian  geo¬ 
dynamics  we  collected,  interpreted  and  catalogued  a  large  number  of  published 
studies  on  emergent  marine  terraces  that  were  carved  during  the  125  ka  sea- 
level  highstand.  Mapping  of  synchronous  terrace  surfaces  over  extended  areas 
returns  an  accurate  representation  of  the  pattern  of  long-term  vertical  strain 
experienced  since  the  time  of  terrace  formation.  The  catalogue  identifies  and 
quantifies  areas  that  have  experienced  uplift,  subsidence  and  stability  during 
the  past  125  ka.  The  analysis  shows  that  uplift  and  subsidence  along  peninsular 
Italy  occur  at  various  wavelengths,  each  of  which  provides  information  on  the 
depth  of  the  controlling  tectonic  process  (upper  crustal,  crustal,  lithospheric). 
Modern  uplift  matches  the  general  topographic  trend  of  the  southern  Apen¬ 
nines,  suggesting  that  apparently  distant  occurrences  such  as  the  generation 
of  relief,  the  crustal  stretching  and  the  extensional  seismicity  observed  in  the 
region,  may  have  a  common  origin. 
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RIFT  PATTERN  AND  ICE  FLOW  IN  ICELAND  DURING  THE  LAST 
GLACIATION 
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During  the  last  glaciation,  the  Icelandic  rift  was  covered  by  a  1000- ISOO  m  thick  ice 
cap.  The  flow  of  the  ice  cap  has  been  reconstructed  from  geomorphic  features  visible 
on  the  currently  deglaciated  ground  and  on  SPOT  images.  The  ice  cap  was  drained  by 
fast  flowing  ice  streams  whose  location  was  controlled  by  geothermal  anomalies 
associated  with  tectonic  and  volcanic  activity.  In  these  areas,  subglacially  erupted 
volcanic  products  have  been  removed  from  their  eruption  sites  by  the  fast  flowing  ice 
and  by  subgtacial  debris  flows  triggered  by  volcanic  eruptions.  However,  relics 
younger  than  700  000  years  have  been  preserved  under  ice  divides  and  in  areas 
sheltered  from  the  ice  flow  by  topographical  accidents.  In  northern  Iceland,  subglacial 
volcanic  relics  crop  out  across  a  90  km  wide  area,  in  comparison  with  the  50  km  wide 
currently  active  Northern  Volcanic  Zone.  In  southern  Iceland,  heavily  eroded 
subglacial  volcanic  edifices  cover  a  currently  inactive  area  located  between  the 
currently  active  Western  (WVZ)  and  Eastern  (EVZ)  Volcanic  Zones.  The  coincidence 
between  the  location  of  these  edifices  and  the  location  of  an  ice  stream  in  the 
reconstruction  implies  that,  in  addition  to  the  WVZ  and  EVZ,  volcanism  and  tectonics 
were  also  active  in  this  area  during  the  last  glaciation.  Because  rift  spreading  for  700 
000  years  can  account  for  a  maximal  12  km  widening,  the  discrepancy  between  the 
location  of  subglacial  volcanic  edifices  and  the  location  of  the  present-day  tectonic  and 
volcanic  activity  suggests  either  wandering  or  widening  of  the  rift  zone  during  glacial 
times,  possibly  due  to  the  ice  load  on  the  lithosphere. 


MORPHOLOGIC  DATING  OF  SLOWLY  EVOLVING  SCARP  USING  A 
DIFFUSIVE  ANALOGUE 

B.  Niviere ,  G.  Marquis  and  J.-C.  Maurin  (Imagerie  Tectonique,  CNRS  UMR  7516 , 
HOST,  5  rue  Descartes,  67084  Strasbourg  Ccdcx) 

bniviere@eost.u-strasbg.fr  marquis@eost.u-strasbg.fr  andjcmaurin@eost.u-strasbg.fr 

Absolute  dating  of  scarps  in  a  temperate  climate  environment  poses  problems  related 
to  the  continuous  vegetation  cover.  We  present  an  alternate  dating  method  based  on 
the  study  of  geomorphic  characteristic  of  scarps.  We  assume  here  that  the  state  of 
degradation  reflects  the  time  of  scarp  formation  or  its  abandon.  Two  approaches  were 
developed.  The  first  assumes  a  model  of  scarp  degradation  based  on  a  diffusive 
process  (e.g.  Hanks  et  al.,  1984).  The  second,  easier  to  implement,  evaluates  the  state 
of  scarp  degradation  using  the  slope  distribution  along  a  profile  (Avouac,  1993).  Our 
goal  is  to  evaluate  the  applicability  of  these  two  methods  for  slowly  evolving  scarps  in 
temperate  climate  environments.  We  show  here  that  the  second  method  necessites  an 
age  correction  because  it  does  not  take  into  account  the  early  stage  during  which  the 
mid-height  point  is  not  yet  affected  by  erosion.  However  this  method  reveals  that 
several  profiles  have  undergone  a  more  complex  evolution  that  cannot  be  identified 
with  the  first  method.  We  apply  both  methods  to  a  terrace  riser  located  in  the  Rhine 
valley  (eastern  France) .  We  need  a  diffiisivity  value  comprised  between  0.3  and  0.9 
m2/ky  to  model  the  very  slow  scarp  shape  evolution.  We  show  that  this 
cartographically  continuous  scarp  is  not  necessarily  isochrone :  it  presents  segments  of 
various  ages,  some  of  35  ka,  others  of  15  ka.  We  also  recognized  on  some  profiles  two 
distinct  portions  at  35  and  15  ka.  We  interpret  this  result  as  a  reactivation  by  incision 
of  a  35  ka  old  scarp,  15  ka  ago. 


SPECTRAL  ANALYSIS  OF  TOPOGRAPHY  IN  EXTENSIONAL  SETTINGS: 
INFERENCES  ON  THE  QUATERNARY  EXTENSIONAL  TECTONICS  OF  THE 
APPENNINES  (CENTRAL  ITALY) 

D’Agostino  N.*.  Chamot-Rooke  N.**  &  Funiciello  R.* 

•  Dip.  Sc.  Geologiche  University  Roma3:  **  Lab.  Geologic  ENS,  Paris 
e-mail:  ndagosti@uniroma3.it 

A  distinct  characteristic  of  diffuse  extensional  processes  is  the  regular  spacing  of 
crustal-scale  tectonic  structures.  This  has  been  interpreted  as  arising  from  the 
periodic  instabilities  of  the  upper  crust  undergoing  stretching.  This  feature  results  in 
a  dominant  -30  km  wavelength  controlling  the  topography.  The  analysis  of 
topography  in  extensional  settings  is  thus  a  powerful  tool  to  study  the  relationships 
between  morphology  and  lithospheric  processes. 

Active  extensional  processes  in  the  Apennines  are  concentrated  along  the 
topographic  ridge  of  the  chain  with  a  NE-SW  regional  direction  of  extension.  The 
across  strike  width  of  the  actively  extending  area  and  of  the  topographic  ridge,  is  not 
constant  along  strike,  being  maximum  (90  km^  in  the  Central  Apennines.  In  this  area 
we  study  the  relationship  between  topography  and  extensional  tectonics  by  means  of 
regional  topographic  cross-sections  and  2D  Fourier  analysis.  We  interpret  the 
presence  of  a  NW-SE  30  km  wavelength  in  the  topography  as  the  effect  of  upper 
crustal  boudinage.  Geophysical  data  show  low  Pwave  velocity  in  the  lower  crust  and 
thicker  crust  with  respect  to  the  surrounding  extending  area.  This  data  suggest  that  a 
ductile  lower  crust  permits  the  decoupling  between  upper  crust  and  upper  mantle, 
and  that  the  boudinage  is  restricted  to  the  areas  with  thicker  crust  and  highest 
topography. 


MODELING  THE  GEOMORPHIC  RESPONSE  TO  TECTONISM 
J.D.  Pelletier 

Mail  Code  150-21,  Caltech,  Pasadena,  CA  91125,  USA. 
jonOgps.caltech.edu/Fax:  626-585-1917 

A  2D  coupled  bedrock-alluvial  channel  evolution  model  is  presented  and  for¬ 
ward  modeling  is  carried  out  to  ascertain  the  geomorphic  response  of  the  lon¬ 
gitudinal  profile  of  a  river  to  a  variety  of  tectonic  forcings.  In  the  bedrock 
portion  of  the  channel  the  erosion  rate  is  proportional  to  the  local  channel  gra^ 
dient  and  the  discharge  per  unit  width  of  channel,  assumed  to  be  proportional 
to  the  horizontal  distance  from  the  drainage  divide.  The  sediment  flux  of  the 
alluvial  portion  of  the  channel  is  proportional  to  the  local  channel  gradient  and 
discharge  per  unit  width.  The  model  has  two  free  parameters,  the  coefficient  of 
erodibility  of  the  bedrock  and  the  diffusivity  of  the  alluvial  portion  of  the  chan¬ 
nel.  First  we  investigate  the  free  decay  of  mean  basin  relief  to  instantaneous 
uplift.  The  decay  is  exponential,  consistent  with  the  classic  parameterization 
of  erosion  as  a  function  of  relief,  with  a  time  constant  dependent  on  the  free 
parameters.  We  investigate  the  form  of  the  longitudinal  profile  in  response  to 
different  uplift  histories  and  comparisons  are  made  to  real  profiles.  It  is  shown 
how  the  free  parameters  of  the  model  can  be  inferred  from  the  shapes  of  ob¬ 
served  profiles. 


Global  geomorphology  attests  against  mobilistic  models. 
G.F.Makarenko,  General  Phys.Inst.Rus.Ac.Sci.  F:+7-095- 1 35-0552 


The  dynamic  processes  of  integral  litosphera  is  chased  in  the  global 
seems  on  different  planetary  degrees.  The  morpho-structural  relief 
only  is  essential  and  adequate  to  sight  the  evidens  of  structural  axial 
planetary  symmetry.  The  Earth  is  strutured  [1].  Reality  must  not  be 
commuted  by  the  mobilistic  models.  They  are  mistaken.  Fig.  show 
a  simplified  plan  of  the  joint  hemispheres^ 

Their  geotectonic  seems  are  itera¬ 
ting  one  another.  One  can  im¬ 
pose  continent  pictures  of  either 
earthen  side.  Complex  zones  of 
relief- l)Baltic  seem  and  Britan 
oval,  2)Timan-Urals-Cambay 
graben-W.lndic  have  their  real 
doubles:  l)AJeutian  chain  and 
Bowers  arc;  2)CordilIeras-CaIi- 
fornian  bay-E. Pacific  Rise  (its 
southern  decline  is  dubed  by  faults) 

Ref:  [1]  Makarenko  G.F  (1997) 
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THE  EXPIRIENCE  OF  ESTIMATION  OF  GEOMORPHOLOGICAL 
SITUATION  ON  THE  SHALLOWS,  B.\SED  ON  THE  ANALYSIS  OF  THE 
LAND  GEOLOGY  (SAKHALIN  INSTANCE) 

Mikchail  Pereladov,  chief:  Olga  Vilkova,  junior  reseach  scientist  of  Coastal  Research 
Laboratory  of  VNIRO  Russian  Federal  Research  Institute  of  Fisheries  & 
Oceanography  e-mail:  perelad@dataforce.net 

In  some  cases  structural  elements  of  the  land  are  traced  on  the  bottoms  of  the  seas.  It 
is  expressed  by  submarine  linelly  stretched  rises,  ranges-cuestas  and  some  separate 
submarine  rocks  as  well  as  sculptural-abrasion  surfaces.  Thus,  it  is  possible  to  speak 
about  genetic  connection  of  the  bottom  relief  and  the  land  relief.  It  is  true  for  the  seifs, 
which  are  developed  on  the  prolongation  of  the  shells,  platforms,  plates  and  folded 
systems  and  inherited  their  structurally-geomorphological  particulars.  For  the  creation 
of  the  preliminary  gemorphological  image  of  bottom  it  is  necessary  to  analyse  the 
geological  constraction  and  the  tectonic  conditions  of  territory.  The  last  one  exerts 
influence  on  the  passing  of  the  exogenous  processes,  in  particular,  on  the 
sedimentation  and  creation  of  the  conditions  of  abrasion  and  accumulation.  On  the 
whole,  accumulative  shores  conform  to  the  tectonically  dropping  coasts  and  abrasion 
shores  conform  to  the  rising  coasts.  Thus  it  is  frequently  possible  to  estimate  the 
geomorphological  situation  on  the  bottom  according  to  the  nature  of  the  shore.  Such 
knoweleges  help  the  explorer  to  drow  the  preliminary  conclussions  about  the  structure 
of  the  bottom  before  you  begin  the  field  reseach.  It  is,  in  particular,  necessary  for  the 
working  out  of  the  actions  for  coastal  fishery  and  for  the  economizing  of  labour, 
material  and  time  resources.  The  geological  map.  the  map  of  the  newest  tectonic, 
navigation  maps,  interpretation  of  the  aerophotography  and  space  pictures  and  litarary 
of  some  districts  of  Sakhalin  have  helped  to  solve  the  task  of  the  preliminary 
estimation  of  geomorphology  of  Sakhalin  island.  Theoretical  data  is  proved  by  the 
researches  of  SCUBA-divers  which  are  taking  place  South-West  Sakhalin  and  by 
hidroacustic  side  sonar  survays. 
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HOLOCENE  KINEMATICS  OF  THE  FUCINO  BASIN 
(CENTRAL  APENNINES.  ITALY) 


MORPHOTECTONIC  EVOLUTION  OF  RIFTED  MARGINS:  NOT 
JUST  FLANK  UPLIFT  AND  ESCARPMENT  RETREAT 


I.  Pirrani; (1), Y. Oaudemer (2), P. Tapponnier (2), M. Boccaletti (3) 

( 1)  C.N.R..  Centro  di  Studio  di  Geologia  dell'Appennino  e  Catene  Perimeditenanee  • 
Firenae,  (2)  Insiitut  de  Physique  du  Globe  de  Paris,  Laboratoire  de  Tectonique  - 
Paris,  (3)  Universiti  degli  Studi  di  Firenze,  Dipartimento  di  Scienze  della  Terra  - 
Firenze. 

piccardi@geo.uniG.it  /  Fax:  00,  39,  S5, 2302302  -  218628 

The  Fucino  Basin  is  a  Gat  depression  in  the  central  Apennines.  It  is  bounded  by 
active  Giults,  mostly  normal  but  showing  at  places  a  slight  strike-slip  component  of 
motion.  Several  of  these  faults  were  activated  during  the  M,  =  7.0  earthquake  of 
1915.  In  order  to  better  understand  the  kinematics  of  this  region,  we  have  earned  out 
a  detailed  structural  and  moiphological  analysis  of  fault  scarps  around  the  Fucino 
Basin. 

While  the  Magnola  and  the  Tre  Monti  faults  are  very  active,  on  the  northern  side  of 
the  basin,  the  faulting  pattern  is  not  as  clear  as  on  the  eastern  side  of  the  basin. 
There,  the  Setrone,  Parasano  and  Ventrino  faults  are  arranged  in  a  right-stepping 
fashion,  suggesting  leG-lateral  shear  in  a  direction  parallel  to  the  system. 

The  right-lateral  component  of  motion  indicated  by  slickensides  on  all  the  three 
faults,  and  the  offset  of  small  streams  across  tho  Ventrino  fault,  suggests  that  the 
blocks  bounded  by  these  faults  rotate  counterclockwise,  in  a  manner  typical  of 
"bookshelT  faulting.  Given  the  values  of  slip-rate  derived  from  the  offset  of  post¬ 
glacial  morphology,  0.5  to  1  mm/yr,  the  rotation  rate  in  the  east  of  the  Fucino  area 
isof2-4deg/Myt. 


Pptwvan  HprReek*.  Jean  Braun^,  Michael  Summerfield^  and  Roderick  Brown^ 

'  LGCA  Institut  Dolomieu,  Grenoble,  France,  ^  Research  School  of  Earth  Sciences, 
ANU,  Canberra,  Australia,  ^  Dept,  of  Geography,  University  of  Edinburgh,  UK, 

4  School  of  Earth  Sciences,  La  Trobe  University,  Bundoora,  Australia 
peter@lgcasun2.ujf-grenoble.ff 

Escarpment  retreat  has  traditionally  been  regarded  as  the  dominant  process  in  the 
geomorphic  evolution  of  high-elevation  rifted  margins.  Tectonic  models  that  empha¬ 
sise  the  role  of  syn-rift  flank  uplift  have  been  coupled  to  the  escarpment  retreat  hy¬ 
pothesis  to  provide  a  generic  model  for  the  morphotecfonic  evolution  of  rifted  mar¬ 
gins.  Recent  application  of  numerical  surface  process  models  has  highlighted  dis¬ 
crepancies  between  this  generic  model  and  the  denudadon  history  of  specific  rifted 
margins.  We  show  modelling  results  for  the  eastern  margin  of  South  Africa  and  the 
southeastern  margin  of  Austtalia  and  demonstrate  that,  in  both  cases,  escarpment  re¬ 
treat  plays  only  a  minor  role,  the  geomorphic  history  and  structure  of  the  margins  is 
incompatible  with  simple  Gank  uplift  models,  and  the  timing  of  uplift  is  uncon¬ 
strained.  Fission-track  data  from  eastern  South  Africa  are  incompatible  with  an  es- 
caqrment  retreat  model  but  indicate  plateau  degradadon  seaward  of  a  pre-break  up 
drainage  divide.  In  south-eastern  Australia,  the  drainage  divide  must  also  have  been 
pre-existent  and  the  escarpment  formed  at  the  locus  of  maximum  isostatic  rebound. 
The  patterns  of  uplift  recognised  at  both  margins  are  most  compadble  with  a  mag¬ 
matic  underplating  mechanism.  Uplift  at  both  margins  is  probably,  but  not 
definitely,  pre-rifting. 


RELIEF  OF  THE  EARTH  SURFACE.  GEOID  AND  FOOT  OF 
MANTLE:  A  COMPARISON 
UFIMTSEV  G.F.  uGm@crust.irkutsk.su 

1.  Planetary  relief  has  general  antisymmetry  of  the  Northern  and  Southern 
hemispheres:  Laurasian  continental  massif  and  the  South  ocean;  the  Arctic  ocean  and 
Antarctica;  the  belt  of  great  plains  of  the  north  and  the  belt  of  median-oceanic 
ridges  of  the  South  ocean.  Planetary  relief  is  correlated  with  geoid  figure  (upliG 
above  spheroid  in  Southern  hemisphere  and  depression  in  Northern  one)  and  with 
Earth  mantle  structure  which  Is  more  saturated  by  astenospheric  layers  in  Southern 
hemisphere. 

2.  In  relief  of  geoid  and  foot  of  mantle  there  are  two  segments:  (I)  segment  of 
Western  Pacific,  Asia  and  the  Indian  ocean  and  (2)  segment  of  Africa,  Atlantic  and 
America.  Their  inner  structure  is  characterized  by  different  groups  of  symmetry. 

3.  Ural-Oman-Madagascar  slope  of  geopotential  surface  places  on  boundary  of 
segments.  Siberian  and  East-European  cratons  with  marginal  great  escarps,  alpine 
belts  with  high  or  low  socle,  the  Arabian  and  Hindustanian  subcontinents  are 
symmetrically  placed  relatively  the  slope.  Rejuvenated  erogenic  belts  are  placed 
eastwards  of  this  boundary.. 

4.  Region  of  Western  PacIGc  where  distortions  of  symmetry  of  planetary  relief 
are  summarized  and  the  highest  uplift  of  geoid  surface  places,  engages  the  especial 
position  in  structure  and  geodynamics  of  the  post-Gondwanaland  Earth. 


SE12  From  the  Arctic  to  the  Mediterranean:  salt, 
shale  and  igneous  diapirs  in  and  around 
Europe 


RELATIONSHIP  OF  SALT  EVACUATION  TO  GROWTH  FAULT 
DISPLACEMENT  TRANSFER,  GULF  OF  MEXICO 

T.  Apotria(l) 

(1)  Exxon  Production  Research  Company,  P.O.  Box  2189,  Houston,  TX,  USA 
77252-2189,  ted.g.apotria@exxon.sprint.com/Fax:  (713)  965-7305 

The  South  Timbalier  54  oil  field  is  located  within  a  displacement  transfer  zone 
between  oppositely-dipping  growth  faults  in  the  Gulf  of  Mexico.  Structure 
mapped  with  3-D  seismic  data  illustrate  displacement  transfer  at  various  scales.  At 
Ae  field  scale  (-10  km),  the  transfer  zone  is  spatially  related  to  residual  salt  left  on 
incompletely  evacuated  salt  detachment  surfaces.  West  and  east  of  the  transfer 
zone,  growth  faults  sole  into  a  salt  weld.  Toward  the  center  of  the  zone,  the  faults 
lose  throw  and  form  a  symmetric  graben  above  a  residual  salt  pillow.  Miocene 
through  Pleistocene  interval  isochrons  illustrate  the  evolution  of  salt  evacuation 
and  transfer  of  growth  from  the  north-dipping  (counter  regional)  to  the  south¬ 
dipping  fault  system.  Near  the  crest  of  the  structure,  displacement  transfer  occurs 
at  a  smaller  scale  (-1  km)  between  conjugate  normal  faults  not  linked  to  salt.  Fault 
polarity  rapidly  changes  in  a  narrow  zone  of  penetrative  strain. 

Large  portions  of  the  shelf  of  the  Gulf  of  Mexico  were  blanketed  with  tabular  salt 
close  to  the  Miocene  seafloor.  Plio-Pleistocene  deltaic  depocenters  loaded  and 
evacuated  the  salt  down  dip.  Present-day  shallow  salt  domes  and  deeper  residual 
salt  pillows  above  a  Miocene  salt  weld  represent  the  incomplete  evacuation  of  salt. 
Many  of  these  burled  salt  features  are  the  locus  of  complex  fault  interactions  at 
shallower  levels  and  arc  associated  with  oil  fields. 


THE  EGERSUND-OCNA  ANORTHOSITE  MASSIF,  SOUTH  NORWAY  :  A 
HNITE  ELEMENT  MODELLING  OF  DIAPIRISM 


J.D.  Bamichon  ( 1).  B.  HofFer  (2).  R.  Charlier  ( 1 ),  D.  Jongmans  (2)  and  J.C.  Duchesne 
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B-4000  Sart  Tilman.  Belgium. 

This  work  aims  at  testing  the  mechanical  relevance  of  a  petrological  model  of 
anorth<»ite  massif  diapiric  emplacement.  The  Egersund-Ogna  massif  (S.  Norway)  is 
of  particular  interest  because  recent  petrological  and  geochronological  data  constrain 
the  initial  geometry  and  Ihc  emplacement  conditions  and  timing  (about  2Myr).  Based 
on  tfiesc  data,  models  made  up  of  one  brittle  layer  (upper  granitic  crust)  and  three 
viscous  layers  (lower  part  of  the  granitic  crust,  noritic  lower  crust  and  anorthosite) 
have  been  built  up,  considering  an  axisymmetric  slate  of  deformation.  The  brittle 
behaviour  is  represented  by  an  elastoplasiic  modified  Drucker-Prager  law  and  the 
viscous  ones  by  elastoviscoplastic  laws  with  Newtonian  viscosity.  An  inverse  density 
gradient  is  considered  between  the  lower  crust  (d*3.00)  and  the  anorthosite  (d=2.75). 
the  loading  consisting  only  in  gravity.  The  modelling  is  carried  out  using  the 
LAGAMINE  large  strain  Lagrangian  finite  clement  code  coupled  with  artificial 
passive  markers  and  with  an  automatic  re-meshing  algorithm  designed  to  deal  with 
complex  cases  such  as  multi-domain  geometries. 

The  resulB  show  that,  from  a  mechanical  point  of  view,  the  diapirism  model  is  a 
consistent  assumption  for  the  emplacement  of  anorthosites  because  realistic  diapir  and 
rim-syncUne  shapes  are  obtained.  Moreover,  the  numerically  obtained  emplacement 
timing  (about  2.5Myr)  is  in  agreement  with  the  available  geochronological  data,  and 
the  computed  strain  field  is  coherent  with  the  field  measurements  (Havenith  et  al.. 
subm.).  especially  regarding  the  circumferential  extension  which  becomes  the  largest 
extension  strain  component  in  the  flattening  phase. 


Convener:  Mart,  Y. 
Co-Convener:  Vendeville,  B.C. 
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EXTRUSION  MECHANICS  IN  ACTIVE  MUD  VOLCANOES  ON  THE 
MEDITERRANEAN  RIDGE 

Behrmaim,  J.H.^  (behrmann@penn.geologie.unl-freiburg.de)  and  Kopf,  A.^ 
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2  GEOMAR,  Wischhofslrasse  1-3,  24148  Kiel,  Germany. 

Drilling  two  submarine  mud  domes  situated  in  the  Olimpi  field  on  the 
northern  flank  of  the  Mediterranean  Ridge  accretionary  complex  has 
documented  episodic  eruptive  activity  over  the  last  1  to  >1.5  million  years. 
An  evolution  through  extrusive  building  of  a  cone,  followed  by  successive 
eruptions  of  clast-bearing  mud  debris  flows  and  subsequent  subsidence  can  be 
deduced  for  both  domes.  The  mud  breccias  recovered  are  gas-rich  and  contain 
up  to  65%  of  polymictic  clasts.  Results  from  permeability  and  shear  strength 
tests,  grain  size  analyses,  sedimentary  textures,  and  clast  provenance 
provide  clues  concerning  the  mechanism  of  mud  volcanism.  The  collision  of 
Africa  with  Eurasia  resulted  in  backthrusting  of  the  evaporite-dominated 
accretionary  wedge  against  a  rigid  backstop.  This  allowed  egress  of 
overpressured  fluid-rich  mud  of  presumed  Messinian  age  from  the 
d4colIement,  although  many  of  the  clasts  may  have  originated  from  the 
overlying  accretionary  wedge. 


EVOLUTION  OF  THE  KtODAWA  SALT  DIAPIR,  CENTRAL  POLAND 
Stanishiw  Burliga 

Institute  of  Geology,  Adam  Mickiewicz  University,  Poznan,  Poland 
e-mait;  burliga@huffl.amu.edu.pl.,  f»;  (0048)61  8218331 

The  Klodawa  salt  diapir  located  within  the  Danish>Polish  Trough  in  central  Poland 
is  about  6  km  high,  NW'SE  trending  structure  composed  of  Zechstein  evaporites. 
Tectonic  structures  preserved  in  it  document  2  distinct  stages  in  the  diapir 
evolution,  both  related  to  extension  at  a  crustal  scale  in  the  Oanish-Polish  Trough: 
(i)  a  stage  of  lateral  migration  of  salt  which  was  followed  by  (ii)  a  stage  of  vertical 
migration  of  salt. 

During  the  first  stage.  mutti>sets  of  sheath  folds  and  d^llement  structures  were 
developed  in  the  bedded  rocks.  They  occur  in  weakly  strained  parts  of  the  diapir, 
where  even  horizons  of  undeformed  desiccation  polygons  are  present.  Geometrical 
features  of  these  structures  indicate  that  they  have  (Wied  due  to  gravity  gliding 
towards  the  East,  towards  a  quickly  subsiding  basin.  This  basin  was  a  response  of 
the  pre-Permian  basement  to  crustal  extension.  It  was  feult  bounded  and  the 
western  termination  was  located  on  the  line  of  the  present  day  diapir.  as  evidenced 
by  highly  increased  thickness  of  early  Mesozoic  strata  east  of  it.  Gliding  towards 
the  basin  led  to  thickening  of  evaporite  sequence  and,  thus,  to  inaease  of  a  density 
contrast  between  the  evaporites  and  the  overlay.  The  stability  of  rock  arrangement 
was  lost  in  the  Keuper  and  then  the  second  stage  of  the  diapir  evolution  started. 
During  the  stage  of  vertical  migration  of  salt,  dominantly  rock  salt  beds  started  to 
move  upwards  due  to  their  lowest  density,  thick  accumulation  and  low  competence. 
More  competent  portions  of  evaporites  were  passively  carried  as  rafts  within  rock 
salt.  The  upward  movement  continued  until  the  upper  Cretaceous  and  it  is 
evidenced  by  a  new  generation  of  sheath  folds  refolding  the  older  ones.  The 
movement  initiated  over  the  feult,  i.e.  in  the  zone  of  the  highest  extension  of  the 
overlay. 


CENTRAL  GRABEN  SALT  DIAPIR  FIELDS. 

N.  SEA:  GEOMETRY  AND  STRUCTURAL  EVOLUTION 

Tan  Davison-(0f  Neil  Evans^*^  Ian  Alsop^^  and  Markus  Safaricz^*^ 

1)  Royal  Holloway,  Univ.  of  London.  2)  Univ.  of  St.  Andrews, 
e-mail  davison@gl.rhbnc.ac.uk  Fax.  (0)1784  471780. 

pus  study  focusses  on  six  diapirs  in  the  Central  Graben  of  the  North  Sea. 
Central  Graben  salt  diapirs  initiated  in  Triassic  times  as  salt  walls  along  extensional 
faults  and  evolved  into  diapirs  in  Jurassic  times  without  going  through  a  prolonged 
pillow  phase,  as  there  are  no  primary  and  secondary  rini  synclines  observed.  Diapiric 
growth  was  by  downbuilding  with  a  subtle  relief  maintained  through  the  Cretaceous  to 
late  Tertiary  period,  with  some  diapirs  periodically  emergent  Important  unconformities 
are  develop  during  the  Middle  Miocene  with  high-angle  ontap  seismic  reflectors  above 
the  unconformity  surface  which  indicate  high  relief  on  the  diapir.  This  is  interpreted  to 
be  produced  by  Alpine  compression,  which  is  recognised  in  the  Central  Graben  for  the 
first  time.  We  will  discuss  criteria  which  can  be  used  to  identify  diapirs  rejuvenated 
during  compression. 

Two  kilometres  of  core  have  been  examined  to  characterise  the  deformation 
patterns  in  the  overburden  Palaeocene  sandstones  and  Late  Cretaceous  chalk.  Chalk 
deforms  by  pressure  solution,  with  up  to  50%  of  the  material  removed  above  the 
Machar  diapir.  and  by  extensional  faulting  and  joint  development  which  are  intensively 
developed  over  the  crest  of  the  structures.  The  Palaeocene  sandstones  deform  mainly  by 
bedding-parallel  slip  along  shale  horizons  and  by  pervasive  grain  flow  and  slumping 
when  the  sediments  are  close  to  the  surface. 


EVAPORITE  DIAPIRS  IN  THE  SOUTHERN  MOESIAN  PLATFORM  AND  ADJACENT 
ALPINE  OROGEN  (BULGARIA) 

G.  Georgiev 

Sofia  University,  1000  Sofia,  Bulgana 
georv@mail.bol.bg/  Fax:  +  359  2  946  0255 

Portions  of  two  major  tectonic  units  are  located  on  the  territory  of  Bulgaria;  the  Moesian 
Platform  (southern  part)  and  the  Alpine  north  verging  thrust  belt  (Balkan  segment).  Two  thick 
anhydrite-salt  successions:  the  Upper  Permian  and  the  Upper  Triassic,  are  established  in  the 
transition  zone  between  them.  The  origin  and  the  development  of  the  two  evaporite  basins 
are  controlled  by  the  Permian-Triassic  rifting.  Both  were  affected  lately  by  diapirism,  disparate 
in  the  platform  margin  and  the  frontal  thrust  zone. 

The  late  Permian  salt  deposits  are  spread  locally  in  the  southern  platform  margin,  They  are 
mobilised  in  a  very  high  salt  dome  (>  4,000  m),  which  has  pierced  all  the  overlying  Mesozoic 
and  Tertiary  layers  almost  through  the  earth's  surface.  The  dome  has  risen  upward  on 
several  stages. 

The  Camian  evaporite  deposits  are  widespread  in  the  whole  east  Balkan  north-leading  thrust 
sheet  (known  as  Forebalkan).  They  are  mainly  composed  of  anhydrite.  The  origin,  the 
depositional  thickness  and  the  diapirism  of  the  evaporites  had  been  strongly  controlled  by  a 
network  of  listric  longitudinal  faults  and  transverse  normal  or  strike-slip  faults.  The  diapiric 
ridges  originated  over  normal  faults  in  the  carbonate  basement.  Later  their  development 
continued  under  the  north-oriented  compression,  which  caused  the  thrusting,  The  main 
detachment  surface  is  linked  to  the  base  of  the  salt  lenses  or  to  the  evaporite  complex.  In  the 
most  intensively  thrust  folded  northernmost  zone  of  the  Forebalkan  the  altitude  and 
complexity  of  the  diapiric  ridges  increase. 


GRANITES  ARE  NOT  DIAPIRIC! 

J.  D.  Clemens* 

N.  Petford* 
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*  School  of  Geological  Sciences,  Kingston  University,  U.  K. 

^Geoid  Pty  Ltd,  Newcastle,  NSW,  Australia 
J.CIemens@Kingston.ac.uk 

There  is  growing  consensus  that  granitic  (s.l.)  magmas  rise  through 
Earth's  crust  not  as  diapirs  but  in  narrow  dykes.  The  differences  between 
these  two  competing  end-member  models  are  fundamental,  and  the 
implications  are  profound  for  our  understanding  of  the  tectonic  and 
geochemical  evolution  of  the  continental  crust. 

All  evidence  strongly  favours  (fracture)  dyke  ascent  for  most  granitic 
magmas.  Reassessment  of  granitic  magma  viscosity  and  modelling 
shows  that  dyke  ascent  is  both  rapid  and  thermally  efficient.  Structural 
and  petrological  features  expected  in  crust  through  which  granitic  diapirs 
have  passed  have  not  been  discovered.  Upper  crustal  granites  commonly 
have  forms  and  structures  that  preclude  diapirism  as  the  emplacement 
mechanism.  In  contrast,  granitic  dykes  are  common  in  exposed  mid- 
crustal  sections,  suggesting  ascent  through  fracture  systems  is  the 
primary  transport  mechanism  for  granitic  magmas. 


TRIASSIC  STRUCTURAL  DISTRIBUTION  OF  THE  ZECHSTEIN  SALT  IN 
SOUTHERN  NORTH  SEA  AND  CONSEQUENCES  FOR  FURTHER 
TECTONIC  HISTORY 

G.Gu^rin.  (1),  B.Vendeville  (2),  and  S.Raillard  (3). 
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Bureau  of  Economic  Geology,  Austin  University  of  Texas,  (3)  Elf  Exploration 
Production,  Pau,  France. 

In  the  Southern  Norwegian  North  Sea  the  main  tectonic  event  following  the 
Zechstein  salt  deposition  is  the  formation  of  a  wide  Triassic  Basin.  During  this 
Triassic  basement-involved  extension  the  Zechstein  salt  clearly  acted  as  a 
ddcollement  level  allowing  the  cover  to  deform  by  thin-skinned  extension  and  form 
listric  faults,  tilted  blocks,  overburden  rafts  and  buckle  folds.  The  structural 
redistribution  of  the  salt,  including  salt  welds  below  rafts,  salt  pillows,  walls, 
diapirs,  and  salt-cored  anticlines  was  mostly  acquired  at  this  time. 

Then  the  Southern  Norwegian  North  Sea  underwent  multiple  rift  phases  later 
overprinted  by  tectonic  inversion.  The  fault  trends  and  partitioning  within  the 
overburden  will  be  strongly  influenced  by  the  salt  distribution  acquired  during 
Triassic  time.  During  the  Jurassic/Cretaceous  rifting  phases,  salt  played  a  major 
role  in  decoupling  the  overburden  from  the  normal-faulted  basement.  On  the  edges 
of  the  main  basins,  most  faults  formed  above  the  crest  ofTriassic-age  salt  structure 
as  they  fell  and  subsided.  From  Cretaceous  to  Tertiary,  several  pulses  of  tectonic 
inversion  squeezed  and  rejuvenated  some  diapirs.  Local  gravity  gliding  can  also 
reactivated  previous  salt  structures. 
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DIAPIR  RE  JUVENATION  BY  CONTRACTION 
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THE  RECENT  STRUCTURE  AND  MUD  DIAPIRS  OF  THE  SOUTH-EAST  OF 
CRIMEA'S  CONTINENTAL  MARGIN. 

O.Ktylov  (1),  M.Ergun  (2)  and  G.Cifci  (2) 

(I)  Moscow  State  University,  Moscow,  (2)  Dokuz  Eylul  University,  Izmir 
main@fluns.geol.msu,su/  Fax:  (7-095)  939  49  17 


Contraction  can  exert  an  important  control  on  diapir  development.  Salt  diapirs  are 
weak  points  in  the  sedimentary  cover.  During  contraction,  deformation  is 
preferentially  partitioned  into  the  diapirs,  squeezing  the  diapir  stems  and  thus  adding 
tectonic  pressure  to  the  namral  buoyant  pressure  within  the  diapirs.  The  net  effect  is  a 
rejuvenation  of  the  diapirs;  the  catrse  of  the  deformation  (i.e.  contraction),  however, 
often  remains  cryptic.  In  the  absence  of  direct  structural  evidence  for  contraction  (i.e. 
folds  or  thrust  faults),  contraction  may  be  the  cause  of  rejuvenation  in  cases  where 
diapirs  suddenly  start  to  grow  after  a  long  period  of  immobility,  or  grow  in  short 
pulses  interspersed  with  long  periods  of  immobility.  In  this  paper  we  will  show 
examples  from  the  Barents  Sea,  UK  and  Norwegian  Central  Graben,  southern  North 
Sea,  and  the  Polish  Trough,  where  diapirs  show  evidence  of  rejuvenation  by 
contraction.  The  examples  will  illustrate  a  wide  range  of  structural  styles.  All  the 
salt-structures  show  characteristic  pulsed  growth  histories  where  very  thick 
roof-sections  have  been  deformed,  some  developing  large  rafted-sections.  The  precise 
source  of  the  contraction  is,  in  all  cases,  cryptic;  it  may  simply  result  from 
gravitational  sliding. 


Geological-geophysical  investigations  carried  out  during  the  6th  cruise  of  the  R/V 
"Gelendzihk”  within  the  Training-through-Research  Programme  ("Floating 
University")  gave  possibility  to  view  the  structure  of  the  recent  submerged  margin  off 
the  SE  Crimea  from  a  new  standpoint.  Firstly,  the  recent  submarine  relief  of  the 
Crimean  margin  is  characterized  by  many  small  and  narrow  canyons.  These  canyons 
are  located  on  the  upper  continental  slope  and  are  10-20  km  long.  As  a  rule,  the 
canyons  cut  through  (juartemary  sediments  and  sometirrtes  older  rocks  down  to  the 
Miocene.  Secondary,  the  modem  structure  resulted  from  neotectonic  movements, 
having  preferentially  horizontal  direction  due  to  the  influence  of  the  mud  diapirism 
and  volcanism.  Thirdly,  the  most  favorable  conditions  for  the  development  of  mud 
volcanism  (particularly  for  the  formation  real  volcano  cones)  are  observed  in  the 
deepwater  part  of  the  investigation  region.  All  of  the  studied  volcanoes,  which  rise 
more  than  50  m  above  the  surrounding  seafloor,  are  located  at  a  waterdepth  of  1700  to 
2000  m. 


IGNEOUS  DIAPIRISM 

D.Hutton.  School  of  Earth  Sciences,  University  of  Birmingham,  Edgbaston, 
Birmingham  B15  2TT,  UK.  Email:D.H.Hutton@bham.ac.uk 

Following  the  analogue  experiments  of  Grout  and  Ramberg  in  the  1950/€s  and 
1960rEs  diapirism  became  the  popular  and  accepted  way  of  interpreting  sub-circular 
plutons  with  concentric  internal  fabrics.  In  the  1970iEs  and  SOjEs  diapirism  was 
seriously  questioned  on  two  counts.  Firstly  actual  measurement  of  the  nature  of  the 
strain  in  these  bodies  showed  were  more  likely  to  have  inflated  as  balloons  at  the  point 
of  emplacement  rather  than  have  travelled  up  through  the  ciust  with  this  geometry. 
Secondly  numerical  analysis  revealed  that  in  the  mid  to  upper  crust  plutons  were 
arrested  by  premature  crystallisation  as  they  advected  heat  to  the  wall  rocks  in  an 
attempt  to  continually  reduce  the  wall  rock  viscosity.  Recent  models,  which  attribute 
to  the  wall  rocks  power  law  rheologies,  have  attempted  to  reinstate  diapirism  as  a 
major  process.  The  alternative  school  that  has  developed  is  that  granites  ascend 
through  the  crust  in  dykes  rather  which  then  feed  sites  of  emplacement  at  higher 
levels.  The  emplacement  sites  both  for  dyking  and  for  diapirs  may  be  determined 
structurally  and  tectonically.  Emplacement  ascent  along  active  fault  systems,  either  in 
transcurrent,  extensional  or  thrust  structures  has  been  invoked  in  numerous  studies  and 
many  plutons  are  clearly  sited  at  the  intersections  of  non-parallel  fault  and  shear  zone 
systems:  invoking  the  idea  of  vertical  conduits.  At  higher  levels  in  the  crust  laccolithic 
inflation  of  dyke-fed  plutons  by  upward  deflection  of  strata  is  a  popular  model.  Most 
recently  numerical  modelling  of  diapirism  shows  that  their  internal  fabrics  and 
petrographic  patterns  evolve  because  of  shear-  induced  convection  in  the  body.  To 
date  only  one  pluton  in  the  world  has  had  such  patterns  identified  within  it.  These 
models  and  ideas  will  be  illustrated  mainly  with  examples  from  Europe. 


DIAPIRISM  AND  NEOTECTONIC  ACTIVITY  IN  THE  SOUTHEASTERN- 
MEDITERRANEAN 

YossiMart(l) 
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Numerous  elongated  salt  diapirs  crop  out  in  the  SE  Mediterranean,-Showing  positive 
relief  in  some  places  and  dissolution  depressions  in  others.  Some  of  the  diapirs  offset 
the  uppermost  sediments,  so  that  their  emplacement  is  recent.  The  SE  Mediterranean 
is  a  zone  of  tectonic  collision  between  Africa  and  Eurasia,  and  the  co-occurrence  of 
diapirism  and  tectonic  compression  requires  elaboration.  Evidence  for  post-Miocene 
subsidence  in  the  SE  Mediterranean  basin  was  recently  encountered  by  ODP  leg  160 
,on  Eratosthenes  Seamount,  which  is  being  thrust  under  Cyprus.  The  tectonic  model 
suggests  that  the  Plio-Quatemary  thrust  faulting,  affected  large  parts  of  the  SE 
Mediterranean  Basin,  but  distal  segments  of  the  footwall  were  uplifted.  This  uplift 
caused  local  extension,  which  enhanced  diapirism. 


QUANTITATIVE  APPROACH  TO  THE  EXTRUSION  DYNAMICS 
OF  ACTIVE  MUD  VOLCANOES  ON  THE  MEDITERRANEAN 
RIDGE 
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Based  on  modifications  of  Stokes'  and  Poiseuille's  laws,  mud  extrusion  rates  have 
been  estimated  for  mud  volcanoes  on  the  Mediterranean  Ridge  accretionary  complex. 
Mud  ascent  velocities  are  found  comparable  to  those  of  silicate  magmas.  Using 
physical  property,  structural  and  flux  data  of  the  mud  breccias,  and  compiled  data 
from  mud  domes  on  land,  the  diameter  of  the  feeder  channel  as  well  as  the  depth  of 
origin  for  the  overpressured  muds  have  been  estimated  for  the  first  time.  Feeder 
channels  of  decimeters  to  a  few  meters  in  diameter  (depending  on  the  controlling 
parameters  chosen)  are  narrower  than  previously  assumed.  Gas  efflux  estimates 
constrain  a  source  depth  close  to  the  base  of  the  mud  cones  in  the  Olimpi  field.  Thus, 
the  efflux  data  suggest  that  the  overpressured  muds  were  not  mobilised  at  d6collement 
depth,  as  estimated  from  the  thermal  maturity  of  solid  organic  carbon  in  the  mud 
breccias.  A  comparison  of  mud  efflux  rates  and  the  total  volumes  of  mud  extruded 
shows  that  only  a  fraction  of  the  time  span  constrained  from  biostratigraphic  data  (c. 

1  Ma)  is  needed  to  build  up  the  Milano  and  Napoli  mud  domes.  Mud  volcanism  here 
is,  therefore,  a  highly  episodic  phenomenon. 


Mud  AND  EVAPORITE  DEFORMATIONS  FROM  THE  EASTERN 
MEDITERRANEAN  SEA:  E'VIDENCES  FROM  THE  PRISMED  II 
CRUISE  (  RV  ATALANTE) 

J.  Mascle  (1),  and  the  shipboard  scientific  party. 

(1)  Lab.  Geodynamique,  GeoscienceAzur,  06230  Villefranche  (France) 
inascle@obs-vlfr.fr. 

During  the  Prismed  II  cruise  of  the  RV  Atalante  (  Feb  98),  several  areas  of 
the  Levantine  basin,  where  diapiric  structures  have  already  been  partly 
explored,  have  been  surveyed  in  detail  using  continuous  swath  mapping 
system,  acoustic  imaging  and  seimic  reflection  profiling  available  on  the 
research  vessel  One  of  the  scope  was  to  better  understand  their  significance 
in  a  general  structural  convergent  setting. 

We  present  here  the  preliminary  interpretations  concerning  three  main 
areas  where  either  mud  diapirs  and  volcanoes  or  messinian  evaporite 
diapirs  have  been  mapped  in  details. 

We  intend  first  to  relate  mud  volcanic  and  diapiric  features  known  in  the 
Central  Mediterranean  Ridge  to  compressive  or/and  transcurrent 
tectonics  presently  active  in  the  area  as  a  consequence  of  the  convergence 
and  incipient  collision  between  Africa  and  Aegea.  We  then  review  the 
diapiric  deformations  detected  around  the  Florence  rise  and  South  of 
Cyprus  Arc  to  tentatively  better  assess  their  nature  and  origin.  Finally  we 
illustrate  the  progressive  transition  between  halokinetic  deformations, 
detected  near  the  base  of  the  Nile  deep  sea  fan,  and  tectonic-related  features 
that  characterize  the  Eastern  branch  of  the  Mediterranean  Ridge 
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EXAMPLES  OF  EXTENSIONAL  AND  COMPRESSIONAL  RIFT-RAFT 
TECTONICS  FROM  THE  ZECHSTEIN  EVAPORITIC  BASINS  OF 
NORTHWEST  EUROPE. 
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Regional  mapping  of  the  Central  North  Sea  and  East  Irish  Sea  and  comparison  to 
structural  styles  observed  in  the  Southern  North  Sea  illustrates  that  gravitational 
gliding  above  a  salt  substrate  is  a  common  geological  process.  A  once  continuous 
sheet  of  febrittlei  Triassic  sediments  above  a  detachment  surface  of  Zechstein  salt  has 
been  fragmented  by  a  combination  of  upslope  extension  and  consequent  downslope 
compression.  Associated  halokinesis  is  primarily  controlled  by  regional  tectonism  and 
salt  thickness.  This  process  if  referred  to  by  Amoco  (UK)  as  Rift-Raft  Tectonics. 
Variation  in  geological  forms  are  described  and  empirically  related  to  tectonic 
environment  as  a  result  of  the  interplay  of  the  controls  identified.  These  include  salt 
thickness,  lithology  of  the  Mesozoic  overburden  and  regional  gradient.  Physical  and 
finite  element  modelling  has  been  used  to  demonstrate  the  validity  of  the  interpretation 
and  thus  demonstrate  the  importance  of  gravitational  gliding  in  forming  structures  in 
salt  basins. 


SUPERIMPOSED  SALT  TECTONICS  IN  THE  DUTCH  SOUTHERN 
NORTH  SEA:  FROM  GRAVITY  GLIDING  TO  GRAVITY  SPREADING. 

Jean-Claude  RINGENBACH  (I) ,  Claude  GOUT  (2)  and  Patrick  UNTERNEHR  (3) 
(1)  Elf  Petroleum  Norge,  STAVANGER,  (2)  Elf  Petroland  bv,  The  Hague,  (3)  Elf 
Exploration  Production,  PAU. 
jean-claude.ringenbach@elfep.no 

The  Southern  North  Sea  has  undergone  several  phases  of  extension  from  Mid 
Triassic  to  Late  Jurassic  followed  by  phases  of  inversion  from  Latest  Jur^sic  to 
Paleogene.  The  interplay  between  successive  regional  deformation  phases,  an 
important  Paleozoic  structural  heritage  and  the  presence  of  several  decollement 
layers,  Including  the  thick  and  mobile  Zechstein  salt,  resulted  in  complex  structural 
styles. 

The  understanding  of  the  origin  and  evolution  of  salt-ridges  and  associated 
structures  at  both  local  and  regional  scales  (3D,  2D  seismic  and  regional  maps) 
allowed  the  definition  of  small-scale  gravity  tectonic  systems  linked  to  the 
subsidence  and  inversion  of  basement  grabens.  Subsidence  of  the  Sole  Pit  Half- 
Graben  produced  SW-verging  gravity  gliding  buckle-folds  while  that  of  the  Central 
Graben  induced  listric  faults  and  reactive  diapirs  away  on  the  margins  (Step  Graben 
and  Schill  Grund  High).  Inversion  caused  gravity  spreading  above  the  salt :  for  Sole 
Pit  Half-Graben  a  NE  propagating  trend  of  folds  on  Cleaver  Bank  High  and  for  the 
Central  Graben  squeezed  diapirs  to  the  West  and  thrust  faulting  to  the  East. 

This  is  described  by  a  sketch  cross-section  from  the  Central  Graben  to  the  Sole 
Pit  Trough 


NEOGENE  STRIKE-SLIP  FAULTING  AND  PLUTON  EMPLACEMENT  IN 
SOUTHERN  TUSCANY  aXALY). 

F.  Rossetti ^  V.  Acocella^,  C.  Faccenna^,  R.  Funiciello^  &  A.  Lazzarotto^ 

*  Dip.  Sc.  Geologiche  Roma  Trc;  ^  Dip.  Scienze  della  Terra,  University  di  Siena 

The  Neogenic  extensional  collapse  of  the  inner  sector  of  the  Northern  Apennine 
orogenic  wedge  was  accompanied  by  emplacement  of  chiefly  anatectic  plutonic 
associations,  Late  Miocene  to  Middle  Pleistocene  in  age.  In  the  Northern  Tyrrhenian 
Sea  region,  eastward-dipping  extensional  shear  zones  drove  emplacement  of  the 
monzogranitic  intrusions  of  Elba  (7-5  Ma),  Monte  Cristo  (7Ma),  and  Giglio  (5Ma) 
islands.  Our  interest  focused  on  the  coeval  acidic  stocks  of  Gavorrano  (4.9  Ma)  and 
Campiglla  Marittima  (5.7  Ma),  located  along  the  Southern  Tuscany  coast. 
Geological,  structural  and  petrographical  data  have  been  collected  in  order  to 
characterize  their  emplacement  mechanism.  N-S  right-lateral  strike-slip  tectonics 
has  been  recognised  as  the  main  deformation  event  in  the  studied  area.  Strike-slip 
fault  seginents  have  been  recognized  as  being  active  during  and  after  the  late  stage 
of  emplacement  of  both  plutons,  controlling  their  rise  in  correspondence  of 
releasing  bands.  The  collected  data  at  Campiglia  and  Gavoirano,  together  with  the 
previously  collected  data  in  the  Northern  Tyrrhenian  Sea,  permit  to  interpret  the  N- 
S,  Late  Miocene-Pliocenic  strike-slip  faulting  as  a  secondary  feature  in  a  context  of 
generalized  post-orogenic  extension.  In  this  framework,  strike-slip  segments  would 
be  active  in  the  brittle  domain  locally  accomodating  the  eastward-asymmetric 
ductile  extensional  shear  at  depth.  Thus,  their  role  possibly  consisted  in  localizing 
the  rise  of  crustal  melts  produced  during  the  post-orogenic  thermal  relaxation 
processes  which  followed  crustal  thickening. 


STRUCTURE  AND  EVOLUTION  OF  SALT  IN  THE  NORTHEAST 
GERMAN  BASIN  -  CONCLUSIONS  FROM  3D  MODELLING. 

M.  Scheck.  U.  Bayer  and  C.  Klesper  (GeoForschungsZentrum  Potsdam) 

We  analysed  the  structure  and  subsidence  history  of  the  Northeast  German  Basin 
using  a  3D  model.  The  basin  contains  about  8  km  of  Permian  to  Cenozoic 
sediments  including  the  Upper  Permian  Zechstein-salt  that  plays  a  major  role  for 
present-day  structural  setting.  One  of  the  main  characteristics  of  the  basin  is  a 
vertical  tectonic  zonation.  A  pre-Zechsteln  succession,  which  lacks  significant 
internal  structures,  is  decoupled  by  the  thick  Zechstein  salt-layer  from  a  strongly 
deformed  post-Zechstein  succession.  Intensity  of  salt  mobilisation  varies  within  the 
basin  indicating  variations  in  strength  of  the  underlying  basement.  In  the  south¬ 
eastern  part  of  the  basin  numerous  salt  structures  piercing  and  bending  their  cover 
layers  are  aligned  along  NNE  and  WNW  trending  axes.  In  contrast,  salt 
mobilisation  is  minor  in  the  north-eastern  part  although  we  have  to  assume  highest 
initial  salt  thickness  there.  The  base  Zechstein  horizon,  imaged  as  a  distinct  flat 
reflector  in  seismic  sections  generally  has  no  fault-related  vertical  displacements. 

In  addition  to  analysis  of  the  present-day  structure  we  calculate  paleogeographic 
scenarios  using  a  3D  backstripping  method.  This  approach  combines  pressure 
dependent  viscous  salt  flow  with  isostatic  calculations.  The  results  show  that  the 
main  phase  of  salt  mobilisation  was  Late  to  Post-Cretaceous  in  age.  Thereby,  salt 
obviously  had  a  decisive  influence  as  a  strain  distributor  due  to  its  ductile  rheology, 
decoupling  its  basement  from  its  cover. 


Dynamic  sequence  stratigraphic  prediction  and  thin-skinned  extension; 
Examples  from  the  Varg  Trend,  Norwegian  North  Sea 

P.  Spencer  (1).  B.  Vendeville  (2),  K.  Nilsen  (I).  M.  Whitaker{l),  H.  Jahre  (1)  and 
H.  Robak(l) 

(1)  Saga  Petroleum  ASA.  Sandvika,  Oslo,  Norway 

(2)  Bureau  of  Economic  Geology.  The  University  of  Texas  at  Austin,  Texas 

The  Varg  Trend  lies  on  the  Sleipner  Terrace  in  the  eastern  Viking  Graben. 
Norwegian  North  Sea.  Regional  polyphase  extensional  tectonics  in  the  Permian, 
Triassic  and  Upper  Jurassic  created  a  complex  structural  setting  that  controlled  the 
distribution  and  preservation  of  Oxfordian  reservoirs.  Thin-skinned  extension, 
gravity  gliding,  forced  folding  and  diapir  collapse  produced  extreme  variation  in  the 
accommodation  space  available  for  deposition  of  the  Upper  Jurassic  reservoirs.  In 
addition  to  controlling  depositional  pathways  and  facies  belt  development. 
Basement  extension  (Callovian  -  late  Oxfordian)  promoted  diapir  collapse  and 
forced  folding,  creating  a  N-S  trending  play  fairway.  Additional  accommodation 
space  was  created  by  the  gliding  and  rotation  of  Triassic  pods  over  an  eastwards 
tilted  basement.  Further  basement  faulting  in  the  mld-VoIgian  resulted  in  renewed 
pod  rotation  and  grounding,  and  local  reactive  diapirism.  A  fully  integrated 
approach  utilising  seismic  interpretation,  dipmeter  data,  wireline-log  sequence 
stratigraphy,  and  experimental  tectonic  modelling  allows  a  predictive  seismic  and 
sequence  stratigraphic  framework  for  the  Upper  Jurassic  section  in  the  Varg  trend  to 
be  established. 


NEW  DATA  FROM  THE  DIAPIRISM  TYPE  AREA  -  EAST 
CARPATHIANS  BEND. 

Mihai  Stefanescu,  Oprea  Dicea,  Gabor  Tan 

Amoco  Romania  Petroleum  Company  (401.313.4603),  Prospectiuni  S.  A. 
(401.667.4295),  Amoco  Production  Company  (1-281-  366.2949) 

The  salt  diapirism  phenomenon  was  firstly  described  in  1907  by  Mrazec  in  the 
East  Carpathians  Bend  Zone.  In  this  area,  the  salt  formation  (massive  salt  bodies 
associated  or  not  with  sedimentary  breccias)  accumulated  at  two  different 
stratigraphic  levels;  Early  Miocene  (Burdigalian)  and  Middle  Miocene 
(Badenian).The  Early  Miocene  salt  diapirs  developed  along  four  liniaments,  each 
of  them  being  in  a  different  stage  of  evolution,  as  follows,  fi'om  north  to  south; 
overturned,  exaggerated,  attenuated  and  cryptodiapirs.  All  these  types  of  diapiric 
folds  have  been  traversed  by  at  least  one  seismic  line,  recorded  in  different  years. 
The  seismic  lines  shown  on  the  poster  will  demonstrate  the  appearance  of  the 
diapirs  as  well  as  the  structure  above  and  below  and  in  the  adjacent  synclines. 
Most  of  the  halokinetic  structures  are  well  controlled  by  wells  and  consequently 
the  interpretation  on  the  displays  is  a  complex  one.  The  overhead  diapirs  are 
characterized  by  a  southwards  vergency  of  the  salt  body,  that  sometimes  thrust 
over  the  outer  external  compartment.  The  exaggerated  diapirs  have  steep,  more  or 
less  vertical  walls  and  in  places  the  salt  core  has  been  completely  squeezed.  The 
attenuated  diapirs  have  pierced,  but  not  completely,  their  hanging  wall.  The 
cryptodiapirs  show  a  lens  like  shape,  practically  without  important  detachment 
along  their  limbs. 
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THE  EFFECT  OF  RISING  MANTLE  DIAPIRS  ON  FORMATION  AND 
EVOLUTION  OF  TOPOGRAPHIC  RELIEF 

V.B.Svalova 

Inst  of  Environmental  Geoscience,  Russian  Acad,  of  Sciences 
svalova@geoenv.msk.su/Fax;7-(095)-923-18-86 

We  combined  various  geological  and  geophysical  data  to  design  and  constrain 
mechanical-mathematical  models  at  the  scale  of  the  lithosphere  to  investigate  the 
structural  influence  of  deep-seated  mantle  diapirs  onto  the  Earth's  surface.  Models 
varied  the  rheological  properties  and  the  boundary  conditions.  Model  solutions  were 
calculated  both  analytically  and  numerically.  Results  indicate  that  deep-seated  and 
slowly  rising  mantle  diapirs  cause  formation  of  structural  and  topographic 
depressions  on  the  Earth's  surface.  Stretching  in  layers  can  be  not  great.  By  contrast, 
if  the  mantle  diapirs  are  shallow  or  if  they  rise  fast,  a  topographic  high  formed 
above  the  diapir.  Using  analytical  models,  it  is  possible  to  determine  which 
parameters  are  critical  in  controlling  the  influence  of  the  shape,  depth  and  rise  rate 
of  mantle  diapirs  onto  their  topographic  expression.  Conversely,  we  can  use 
topographic,  geothermal,  and/or  gravity  data  to  infer  the  geometry,  depth,  and  rise 
rate  of  deep-seated  mantle  upwelling  in  the  asthenosphere.  We  will  compare  our 
modelling  results  with  structural  examples  from  the  Pre-Caspian  Depression  and 
from  the  Alps. 


RATES  OF  SALT  EXTRUSION  IN  THE  ZAGROS 

C.J.  Talbot 

Institute  of  Earth  Sciences, UppsalaUniversity,  752  36  Uppsala,  Sweden 
<Christopher  Talbot@geo.uu  se> 

Ten  of  the  diapirs  of  Hormuz  salt  extruding  along  strike-slip  faults  in  the  Zagros  are 
being  monitored  at  yearly  intervals  with  the  help  of  the  Geological  Survey  of  Iran. 
Five  extrude  faster  than  they  dissolve.  Salt  velocities  vary  yearly  but  reach  c.  4  m  a’‘ 
on  the  lips  of  summit  domes.  Numerical  modelling  of  one  implies  that  the  salt  has 
been  rising  out  of  its  orifice  at  I  to  2  m  a'‘  for  56,000  years  despite  being  dissolved 
at  a  vertical  rate  of  c.  2  mm  a‘‘.  Such  fugures  suggests  that  a  single  cycle  of 
extrusilon  could  pinch  the  local  source  and  be  complete  after  c.  1  Ma. 

Backstripping  may  therefore  give  a  misleading  impression  where  the  geological 
control  requires  averaging  past  salt  velocities  over  intervals  longer  than  I  Ma.  The 
maximumsalt  velocity  of  salt  reported  in  a  particular  German  diapir,  of  0. 125  mm  a*' 
during  Cenomanian-Late  Paleocene  times,  was  averaged  over  39  Ma  and  may  include 
a  brief  interval  when  the  salt  there  flowed  c.  4  orders  of  magnitude  faster. 

The  fastest  horizontal  displacement  rate  measured  for  salt  in  the  Zagros,  of  c.  1.3 
m/month,  was  toward  steep  river  cliffs  being  carved  into  a  mature  salt  extrusion. 
This  400  m  deep  valley  could  potentially  close  in  c.lOO  years  and  trap  river  gravels 
in  an  asymmetric  slot.  Such  a  slot  occurs  beneath  a  zone  in  which  the  cap  rocks 
were  removed  in  a  subgalcial  ersoion  channel  across  the  German  diapir  for  which  the 
reported  Miocene-Quaternary  rise  rate  of  0.03  mm  a''  was  averaged  over  c.23  Ma. 


ARGUMENTS  AGAINST  DIAPIRIC  EMPLACEMENT  OF 
GRANITIC  PLUTONS  IN  THE  BRITTLE  UPPER  CRUST 

j  Vigncrcssc 

CREGU,  UMR  7566,  BP  23,  54501  Vandoeuvre  Cedex,  France 
also  ENS  Geologic,  54501  Vandoeuvre  jlv@cregu.cnrs-nancy.fr 

Correlation  between  gravity  data  inversion  and  magmatic  structures 
reveal  that  the  organization  of  granitic  plutons  varies  with  the  tectonic 
regime  under  which  magma  was  generated.  Deformation  controls  the 
whole  cycle  of  granite  formation.  During  melt  segregation,  the  viscosity 
contrast  between  the  liquid  and  its  matrix  induces  strain  partitioning  that 
facilitates  liquid  flow.  Ascent  may  be  diapiric  in  the  lower  ductile  crust 
if  the  matrix  moves  fast  enough  to  accommodate  magma  displacement. 
This  is  valid  only  for  magmas  that  remain  in  the  lower  crust,  such  as 
anorthosite.  It  cannot  apply  to  intrusions  into  the  upper  brittle  crust.  The 
strength  of  the  continental  crust  at  the  brittle/ductile  transition  is  about 
200-600  MPa,  depending  on  whether  normal  or  reverse  faults  are 
generated,  and  also  on  the  thermal  regime  of  the  crust.  It  is  at  least  one 
order  of  magnitude  larger  than  the  buoyancy  forces,  which  are  of  the 
order  4-6  MPa/km  of  the  granitic  magma  column.  Thus,  magma  cannot 
intrude  the  brittle  upper  crust  only  by  its  internal  forces.  It  requires 
additional  forces  to  initiate  fractures  at  the  base  of  the  brittle  crust.  In 
addition,  the  occurrence  of  negative  gravity  anomalies  over  granitic 
plutons  rules  out  felsic  magma  stopping  at  a  neutral  buoyancy  level. 


QUANTITATIVE  MODELLING  OF  THE  EVOLUTION  OF  SALT 
STRUCTURES  IN  THE  PRE-CASPIAN  BASIN,  RUSSIA 

A.  Ism.iil-Zadeh  (1,3),  Yu.  Volozh  (2),  B.  Naimark  (1)  and  C.  Talbot  (3) 

(I)  International  Institute  of  Earthquake  Prediction  Theory  &  Mathematical 
Geophysics,  R.4S,  Moscow,  (2)  Geological  Institute,  RAS,  Moscow, 

(3)  Institute  of  Earth  Sciences,  Uppsala  University 
aismail®mitp.rssi.ru/Fa.\:  +7-095-3107032 

The  Pre-Caspian  basin  is  a  unique  geological  setting  which  includes  many  types 
of  salt  structures.  The  salt  domes  of  the  basin  occupy  a  space  of  about  600,000 
km^  where  the  thickness  of  salt  ranges  up  to  about  5  km.  There  are  more  than 
1,500  salt  structures  in  the  basin,  among  which  are  gigantic  salt  domes  having 
an  area  of  6,000  km-  and  a  height  up  to  10  km.  Various  stages  of  evolution  are 
observed  among  these  structures:  initial  (salt-pillow),  mature  (salt  domes),  and 
final  (salt  diapirs)  which  have  obviously  extruded  at  various  time  intervals.  On 
the  basis  of  the  vast  local  knowledge  of  the  regional  geology  and  geophysics, 
we  classify  the  salt  structures  of  the  basin  by  their  genesis  and  shape.  We 
study  numerical  models  of  the  evolution  of  the  salt  structures  to  locate  each 
sedimentary  layer  in  geological  time.  To  develop  the  models,  we  combine  the 
Galerkin  FE.\1  allowing  to  compute  a  backward  flow  of  salt  and  backstripping 
technique  generally  used  in  subsidence  analysis. 


Tectonics  vs.  Buoyancy  as  the  Drive  for  active  diapiric  growth 
B.C.  Vendeville 

Bureau  of  Economic  Geology,  The  University  of  Texas  at  Austin,  University 
Station,  Box  X,  Austin,  TX  78713,  USA.  vendevillb@begv.beg.utexas.edu 

NW  Germany  and  the  North  Sea  have  provided  the  classic  textbook  examples  used 
to  define  the  concept  of  active  salt  diapirism  (e.g.,  Trusheim,  1940).  According  to 
this  definition,  active  diapirs  rise  buoyantly  by  forcefully  lifting  and  deforming  thick 
overburden  roofs.  However,  combined  geological,  geometrical,  and  mechanical 
consi-derations  suggest  that  most  salt  diapirs  in  NW  Europe  that  underwent  late 
active  growth  were  not  driven  by  buoyancy.  Instead,  there  is  ample  evidence  that 
local  or  regional  compressional  tectonics  occurring  after  depletion  of  the  source 
layer  rejuvenated  older,  dormant  diapirs.  The  clues  for  a  tectonic,  rather  than 
buoyant,  origin  for  such  diapirs  include  (1)  a  thick,  deformed  roof  above  the  diapir 
crest,  (2)  a  pinched-off  diapir  stem,  (3)  a  diapir  crest  located  above  the  regional 
datum  with  strata  in  the  adjacent  depocenters  remaining  at  the  regional  datum,  (4) 
episodic  diapir  growth  by  brief  pulses  separated  by  longer  periods  of  immobility,  (5) 
diapir  growth  following  formation  of  a  secondary  rim  syncline,  and  (6)  folds  or 
reverse  faults  along  strike. 


SE13  Intraplate  earthquakes,  stresses  and  large 
scale  tectonic  structure 
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EARTHQUAKE  DISTRIBUTION  AND  REGIONAL  TECTONIC 
STRUCTURE  IN  VRANCEA  ZONE  -  ROMANIA 

A.  Bala  *.  M.  Radulian  ♦,  M.  Popa  * 

*  National  Institute  for  Earth  Physics 
Email:  baIa@infp.i&.ro 

This  paper  focus  the  attention  on  Vrancea  zone  and  the  surrounding  area, 
because  this  is  the  most  active  and  intense  seismogenic  area.  Here  are  situated 
the  most  numerous,  strongest  and  still  unforeseeable  earthquakes  from 
Romania. 

There  were  represented  all  the  earthquake  hypocenters  from  the  period  1982  - 
1996  situated  in  an  area  which  includes  Vrancea  zone  ( 25°  -  28.5°  E,  44.5°  - 
47°  N )  Because  of  the  great  number,  they  were  found  to  describe  well  the 
limits  of  the  tectonic  plate  ( plate  fragment  7 )  which  is  supposed  to  be 
subducted  in  this  region  until  200  km  depth.  These  limits  were  put  in  direct 
relations  with  the  known  geology  and  tectonics  of  the  area. 

Available  fault  plane  solutions  for  the  crustal  earthquakes  are  analyzed  in 
correlation  with  the  main  faults  of  the  area. 

A  model  of  the  crustal  structure  of  this  region  rvas  derived  on  the  basis  of 
seismological  data  and  linked  with  foult  system  in  the  area  as  it  was 
established  from  geological  and  geophysical  researches. 


A  tomography  mapping  of  the  plate  sutures  and  intraplale  tectonic  within  the 
European  mantie 

V.  Gevko.  T.  Tsvetkova,  N.  Sannikova,  L.  Livanova  and  K.  Geyko.  Institute  of  Geo¬ 
physics,  Paliadin  32, 252680  Kiev-142,  Ukraine  root%igpnanu.kiev.ua@reIay.uanet 

The  3-D  P-velocity  distribution  within  the  mantle  beneath  Europe  and  flanked  teiranes 
to  850  km  depth  and  more  be  examined  As  initial  data  exploited  the  set  of  fiist-aiiival 
times  of  P-waves  from  strong  earthquakes  and  explosions  A  new  traveltime  tomography 
method  proposed  by  V.  Geyko  fijr  data  recovering  be  employed  The  following  solid 
mantle  properties  of  the  explored  tenane  have  been  explained  Into  velocity  inhomoge¬ 
neity's  images  bright  not  only  all  the  large  tectonic  assembly:  the  Precambrian,  Palaeo¬ 
zoic,  Mesozoic,  Alpine  and  oceanic  structures  but  also  locates  and  traces  sutures  and 
boundaries  between  great  structures.  Within  zones  flanking  to  sutures  and  boundaries 
immediately  observes  usual  anomalous  velocity  varying  that  reflects  effect  of  the 
smoothness,  diffusing  of  the  contact  region  stipulated  1^  coupling,  interacting  and  colli¬ 
sion  of  the  associated  stractures.  The  most  important  Teisseyer-Toraquist  zone  observes 
distinctively  in  Poland  the  southern  part  of  Jutland  and  the  western  margin  Scandinavia 
and  traces  clear  to  the  Faeroes  Islands.  Diffusing  of  the  contact  zone  well  observes  under 
the  western  flank  of  EEP.  Separated  great  tectonic  structures,  belts  and  assemblies  tec¬ 
tonic  stractures  imaging  as  unit  at  the  same  time  can  distinguish  motley  heterogeneous 
iruier  pattertt  One  of  the  well  expressed  they  are  the  Alpine  orogens  belt  where  the 
Mediterranean,  South  and  Central  European,  Anatolian,  Caucasus-Iranian  segments 
mapping  differ  sharply  from  each  other.  In  turn  specially  two  firsts  charaaerise  exclu¬ 
sively  not  uniform  own  structure. 


CHANGE  OF  STRESS  SINCE  THE  ICE  AGE  IN  SCANDINAVU 
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In  a  small,  northern  part  of  Scandinavia,  where  the  present  earthquake  activity  is 
not  significantly  different  from  its  surroundings,  large  surface  faults  have  been 
noted.  And  these  are  interpreted  to  show  the  occurrence  of  large  earthquakes 
about  10.000  years  ago.  Signs  of  this  are  coincident  landslides  as  well  as  liquefac¬ 
tion  in  loose  sediments,  which  are  very  well  dated  through  varv-counting.  Many 
Scandinavian  scientists  interpret  the  cause  to  be  the  deglaciation  after  the  last  Ice 
Age.  And  since  the  present  dominating  stress  field  in  the  area  follows  the  pattern  of 
the  World  Stress  Map  Project,  namely  compression  within  the  plate,  oriented  in  the 
direction  of  the  absolute  plate  motion,  the  glacier  off-loading  is  a  significantly 
different  cause  10,000  years  ago.  Change  of  stress  is  clearly  indicated.  Recently 
very  detailed  maps  of  deep-reaching  faults  in  the  area  around  Denmark  has  been 
compiled,  and  an  obvious  comparison  was  attempted.  Can  we  now  point  to  some  of 
these  faults  and  call  them  active?  Can  the  modern  regional  earthquake  geo¬ 
graphy  be  well  correlated  with  the  mapped  deep  faults?  And  the  answer  was  for 
part  of  the  region  yes.  while  for  another  part  it  was  NO.  The  region  is  full  of  known 
faults.  Can  we  feel  rather  safe  because  the  stress  seems  to  have  diminished  since  the 
end  of  the  Ice  Age  10,000  years  ago?  Or  can  we  expect  the  10,000  year  earthquake 
one  of  these  days? 


NEW  SEISMICITY  AND  FOCAL  MECHANISM  STRESS  DATA  FROM 
RANAFJORD,  NORTHERN  NORWAY 

F.  C  Hicks  (1,2),  H.  Bungum  (1),  C.D.  Lindholm  (1)  and  0.  01esen(3) 
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erik@notsar.no/Fax:  -t47-63818719 

A  six-station  seismic  network  in  the  Rana  area.  Northern  Norway,  has  been  in  opera¬ 
tion  as  part  of  the  NEONOR  (Neotectonics  in  Norway)  project  since  1  July  1997,  with 
the  primary  purpose  to  monitor  seismic  activity  along  the  potential  postglacial  BSs- 
moen  fault.  This  area  is  the  presumed  location  of  the  largest  recorded  earthquake  in 
Northern  Scandinavia,  the  Mj  5. 8-6.2  event  of  31  August  1819.  Date  from  a  Norwe¬ 
gian  national  seismic  station  in  the  region,  made  available  by  the  University  of  Ber¬ 
gen.  are  used  whenever  possible  to  aid  in  the  locations.  The  network  currently  records 
and  locates  around  30  local  seismic  events  within  the  network  each  month,  with  mag¬ 
nitudes  mainly  in  the  M^  0.5  - 1.5  range.  The  hypocenters  are  generally  shallow  (4-12 
km),  similar  to  other  observed  onshore  seismic  activity  in  the  region  (Melpy,  Steigen). 
Focal  mechanism  solutions  are  determined  by  composites  of  first-motion  polarities  for 
clusters  of  events,  or  a  combination  of  fust-motion  polarities  and  waveform  modelling 
for  larger  single  events.  These  focal  mechanisms  generally  show  a  large,  up  to  90°, 
rotation  of  the  direction  of  maximum  horizontal  compressive  stress  within  the  seismi- 
cally  active  areas  of  the  network,  with  regard  to  the  regional  (Fennoscandian)  stress 
field.  This  suggests  that  more  local  sources  of  stress  are  more  important,  as  compared 
to  the  plate  motion  related  ridge  push  force  in  the  regional  case. 


GETEROGENEITY  OF  THE  INTRAPLATE  AREAS  AND  SEISMICITY 
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The  complex  typification  of  the  Earth’s  crust,  reflecting  its  modem  state  and 
structure,  allows  to  determine  the  important  features  of  the  recent  structure  of  the 
Earth’s  crust,  including  the  manifestation  of  seismicity.  This  is  especially  actual  for 
the  intraplate  regions  where  the  regularities  of  the  seismic  process  are  not  easy  to  be 
discovered.  The  processing  data  was  performed  applying  the  eomputer  procedure  of 
the  cluster  analysis  which  permits  to  produce  the  typification  of  any  generalization 
degree.  In  this  way  obtained  typification  is  "mobile”  and  different  degree  of  its 
generalization  shows  that  modem  inhomogeneity  of  the  Eath's  crust  within  large 
tectonic  units  of  the  intraplate  areaas  is  greatly  varied.  Some  of  them  remain  to  be 
indivisible  by  any  degree  of  breaking  up  into  the  separate  types  of  the  Earth’s  crust. 
On  the  contrary,  other  tectonic  units,  mainly  depressions,  turn  out  to  be  divided  into 
complicated  mozaic  of  the  small  blocks,  formed  by  various  types  of  the  Earth’s 
crust.  It  is  important  that  observed  and  predicted  seismicity  within  intraplate  areas 
are  connected  to  namely  geterogenic  depression  zones.  It  may  be  suggested  that 
different  modem  stablity  of  the  large  tectonic  units  reflects  certain  subtle  “invisible" 
geodynamic  processes  which  are  also  responsible  for  seismic  manifestation. 
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NUMERICAL  MODELLING  OF  SLAB  DYNAMICS 
BENEATH  THE  VRANCEA  REGION,  ROMANIA 
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The  earthquake  prone  Vrancea  region  is  situated  at  the  bend  of  the  Eastern 
Carpathians  and  control  the  seismicity  of  Central  and  Eastern  Europe.  We 
examine  numerical  models  of  block  structure  dynamics  beneath  this  region 
by  using  results  of  geodynamic  modelling  of  mantle  flows  induced  by  sinking 
relic  slab.  In  the  model  of  block  dynamics  the  region  is  represented  by  a 
system  of  absolutely  rigid  blocks  divided  by  infinitely  thin  plane  faults.  The 
blocks  interact  between  themselves  and  with  the  surrounding  medium.  As  the 
blocks  are  rigid,  all  deformation  occurs  in  the  fault  zones  and  at  interfaces 
separating  the  blocks  and  the  surrounding  medium.  When  the  critical  stress 
level  is  exceeded  in  some  part  of  a  fault  plane,  the  stress  drops,  resulting  in 
failures  on  other  parts  of  the  fault  plane.  The  failures  produce  earthquakes.  As 
a  result  of  the  numerical  simulation  a  synthetic  earthquake  catalog  is  produced. 
The  distribution  of  earthquake  hypocenters  in  the  synthetic  catalog  is  in  good 
agreement  with  that  in  the  real  catalog.  Small  variations  in  angles  of  slab 
rotation  control  the  pattern  of  seismic  release. 


THE  NEW  RELEASE  OF  THE  WORLD  STRESS  MAP 

B.  Mueller  (1),  B.  Spemer  (1),  V.  Wehrle  (I)  and  K.  Fuchs  (1) 
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The  World  Stress  Map  (WSM)  is  a  global  database  containing  information  on  the 
contemporary  tectonic  stress  in  the  earth's  crust.  Information  is  derived  from  six  types 
of  stress  indicators,  namely  earthquake  focal  mechanisms,  well  bore  breakouts, 
hydraulic  fracturing  and  overcoring  measurements,  and  young  (Quaternary)  geological 
indicators  like  fault  slip  data  and  volcanic  alignments.  The  new  release  of  the  WSM  is 
published  and  described  on  the  WWW  page 
http://www-gpi.physik.uni-karlsruhe.de/pub/wsm.  Among  other  things  the  web  pages 
comprise  information  on  the  database  structure  and  numerous  maps  showing  regional 
subsets  of  the  WSM  database.  Tectonic  stresses  and  internal  plate  deformations  are 
caused  primarily  by  plate  boundary  forces,  which  are  responsible  for  the  movement  of 
the  lithospheric  plates,  These  forces  include  ridge  push  at  the  mid-ocean  ridges,  basal 
shear  stresses  acting  at  the  base  of  the  lithospheric  plates,  and  slab  pull  and  trench 
suction  forces  at  subduction  zones.  In  addition  to  plate  boundary  forces,  secondary 
stress  sources  can  be  superimposed,  leading  to  local  deviations  in  stress  patterns. 
Examples  of  these  secondary  sources  are  flexural  stresses  from  lithospheric  bending 
produced  by  vertical  loading  of  the  lithosphere  by  islands  or  glaciation,  unloading  by 
deglaciation,  orbending  in  subduction  zones.  Other  important  secondary  stress  sources 
are  associated  with  lateral  density  contrasts  as  they  occur  at  passive  continental 
margins. 
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ARCH  IN  THE  NEW  MADRID  SEISMIC  ZONE. 
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The  New  Madrid  seismic  zone  is  one  of  the  most  important  areas  of  intraplate 
seismicity  and  the  most  seismically  active  region  in  the  Central  United  States. 
Seismicity  in  this  area  is  shallow  (4-15km)  and  consistent  with  a  ENE-WSW 
compression.  Earthquakes  broadly  occur  along  linear  trends  that  outline  the  scars 
of  a  late  Proterozoic  graben,  the  Reelfool  rift.  One  of  the  most  linear  trends  of 
seismicity  coincides  with  the  Bl>lhe\ille  arch,  within  the  axis  of  the  Reelfoot  rift. 
Across  the  Blylheville  arch  near  vertical  seismic  reflected  energy  significantly 
decreases  and  refracted  energy  is  attenuated. 

We  have  studied  P-  and  S-waves  recorded  by  the  U.S.  Geological  Survey  in 
1991,  along  two  70-km  long  orthogonal  seismic  refraction  lines  crosscutting  the 
Blylheville  arch.  We  found  that  the  Vp/Vs  ratios  vary  laterally  as  a  result  of 
ju-xtaposition  of  sedimentary  rocks  having  different  elastic  properties.  Within  the 
seismic  zone,  we  found  high  Vp/Vs  ratios  that  we  have  interpreted  indicating  the 
presence  of  fluids.  Fluids  filling  fractures  in  the  upper  crust  and  tectonism  make 
the  Blylheville  arch  a  zone  of  weakness,  that  is  more  prone  to  seismic  rupture 
than  the  surrounding  Reelfoot  rift. 


GEODETIC  INVESTIGATIONS  ON  RECENT  CRUSTAL  DEFORMATIONS 
IN  THE  SEISMOACTIVE  ZONE  OF  SAXON  VOGTLAND 
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A  considerable  seismicity  is  one  of  the  remarkable  features  of  the  region  Vogtland  / 
Western  Bohemia  in  Central  Europe.  The  stress  reduction  takes  place  in  a  very  special 
kind  of  seismicity  -  the  swarms  of  earthquakes.  During  the  last  three  years  repeated 
GPS  observations  were  carried  out  In  a  precise  geodetic  network.  The  GPS  data  were 
analysed,  adjustet  freely  and  intercompared  with  an  older  triangulation  network 
applying  a  four  parameter  similarity  transformation.  The  result  contains  informations 
about  recent  crustal  deformations.  The  observation  material  allows  the  derivation  of 
the  horizontal  components  of  local  strain  tensors  from  discrete  points  of  the  earth 
surface  only.  It  represents  a  first  geodetic  approach  to  the  description  of  a  local  stress 
and  strain  field.  We  attempt  to  match  these  informations  to  the  tectonic  structure  of  the 
area. 
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Within  the  last  decade  many  seismic  tomography  experiments  covering  some 
of  the  most  prominent  continental  rift  structures,  such  as  East  Africa  (Kenya 
rift),  ECRIS  (Rhinegraben  and  Limagne/Massif  Central),  Rio  Grande  and  Lake 
Baikal,  have  been  carried  out.  These  studies  provided  us  very  complex,  each 
time  quite  different  pictures  of  the  lithosphere-asthenosphere  system  beneath 
continental  rifts  and  demonstrated  the  necessity  of  high-resolution  seismic  to¬ 
mography  experiments  when  trying  to  connect  the  tectonic  surface  expressions 
with  the  mantle  heterogeneities  in  understanding  the  tectonic  evolution  of  each 
particular  rift  zone. 

In  this  paper  we  shall  review  the  results  of  seismic  tomography  experiments 
when  applied  to  continental  rifts.  We  will  show  the  weakness  of  teleseismic 
tomography  in  resolving  crustal  structures  and  hence  discuss  the  merits  of 
the  joint  interpretation  of  seismic  tomography  data,  gravity  modelling  and 
petrological  data  in  the  light  of  the  shallow  and  the  deeper  structure  of  the 
rifts  and  their  geodynamic  evolution.  In  particular,  we  will  argue,  that  in  most 
cases  the  tectonic  appearance  of  a  rift  is  governed  by  a  mixture  of  inherited 
structures,  the  regional  stress  field  and  the  existance  of  a  plume  source. 
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The  East  Sayan  massif  is  located  in  the  transitional  zone  between  the  Baikal  Rift 
System  and  the  Altai-Sayan  belt.  The  Present-day  stress  field  changes  rapidly  from 
extensional  in  the  Baikal  Rift  to  transtensional  in  East  Sayan  and  transpressional  in 
Altai.  SHmax  direction  remains  relatively  stable.  The  fault  kinematics  and  stress 
field  in  Altai-Sayan  is  far  from  uniform.  The  tectonic  regimes  change  quickly  from 
strike-slip  or  compressional  to  extensional,  depending  on  local  conditions,  as  can  be 
expected  in  transpressional-transtensional  settings.  The  SHmax  direction  is  also 
significantly  reoriented  in  South-West  Altai.  The  major  controlling  factors  for  this 
stress  field  fluctuation  might  be  the  reactivation  of  older  structures,  block 
interactions,  crustal  effects,  and  kinematic  partition.  Major  differences  between 
Baikal  and  Altai-Sayan  provinces  are  also  observed  during  the  Late  Cenozoic 
evolution.  In  both  areas,  a  major  reorganization  of  stress  field  and  fault  kinematics 
occurred  in  the  Late  Pliocene.  The  transition  between  the  two  provinces  is  best 
expressed  in  the  Tunka  depression.  This  parallelism  between  the  two  provinces  is  an 
important  for  the  estimation  of  rifting  controlling  factors  and  driving  forces. 
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The  3500  km-!ong  East  African  rift  system  transects  lithosphere  ranging  in 
age  from  Archaean  to  Late  Mesozoic  passive  continental  margins,  allowing  one 
to  assess  the  relative  importance  of  lithospheric  strength/lateral  variations  in 
lithospheric  thickness  on  rifting  processes.  Geophysical,  geochronological,  and 
geochemical  data  all  suggest  that  all  or  parts  of  the  rift  system  are  affected 
by  mantle  plume  processes.  We  investigate  the  influence  of  pre-plume,  pre- 
rift  topographic  relief  at  the  lithosphere-asthenosphere  boundary  beneath  East 
Africa  on  the  distribution  of  hot,  buoyant  plume  material  emplaced  at  ca.  45 
Ma.  Our  models  show  deflections  of  plume  material  around  the  thick  cratonic 
root  beneath  the  Tanzania  craton,  and  selective  ponding  of  material  beneath 
the  Mesozoic  rifts  and  passive  margins,  which  had  thinner  lithosphere  at  the 
onset  of  plume  activity.  One  of  the  most  important  aspects  of  this  plume  model 
is  the  enhanced  vertical  flow  velocities  along  craton  boundaries,  suggesting  they 
exert  a  strong  influence  on  rift  development  and  location. 
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The  West  Antarctic  Rift  system  is  one  of  the  largest  modem  rift  systems  in  the  world. 
Previous  aeromagnetics  supplemented  seismic  findings  in  the  western  Ross  Sea  and  in 
the  Byrd  Subglacial  Basin  by  revealing  extensional  rift  fabric,  variable  volumes  of 
likely  late  Cenozoic  alkaline  volcanics  and  transfer  faulting.  The  volcano-tectonic 
activity,  suggested  to  be  plume-driven,  might  involve  greater  lower  lithosphere 
extension  than  limited  late  Cenozoic  crustal  extension.  New  regional  aeromagnetics 
along  the  Transantarctic  Mountains  rift  shoulder  in  Southern  Victoria  Land,  reveal 
Cenozoic  faults  oblique  to  the  offshore  rift  basins  and  different  Paleozoic  inherited 
basement  compared  to  the  north,  maybe  explaining  more  moderate  rift  flank  uplift 
here.  Recent  wide-angle  seismics  and  gravity  links  this  Cenozoic  uplift  to  crustal 
extension  and  magmatic  underplating,  as  shown  also  by  high  electrical  conductivity  at 
depth.  In  Northern  Victoria  Land  pull-apart  basins  are  defined  from  magnetics  and 
gravity.  These  formed  in  response  to  a  Cenozoic  transtensional  reactivation  of 
basement  terrane  boundaries,  consistently  with  the  kinematic  regime  proposed  from 
brittle  fault  data  onshore  and  seismic  evidence  offshore.  In  Marie  Byrd  Land,  along 
the  eastern  rift  flank,  magnetic  anomaly  patterns  are  also  related  to  Cretaceous  mafic 
magmatism  and  faulting  during  older  transtensional  rifting,  triggered  by  subduction. 
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The  Volga-Ural  Oil  Bearing  Province  is  a  classical  example  of  the  gas  and  oil 
bearing  region  that  was  exposed  over  a  long  period  to  the  influence  of 
subduction  processes.  Here  the  process  of  collision  between  Russian  craton 
and  Siberian  plate  has  been  going  over  the  last  200  -  250  min.  years.  The 
clear  relation  of  power  heat  anomalies  in  lithosphere  to  regions  of  linear  and 
polygonal  spreading  of  trans-regional  rift  structures  points  out  on  an 
important  part  of  differentiation  of  deep  mantle  matter  in  the  formation  of 
oil-bearing  province.  The  mantle  heat  from  the  Volga-Kama  plume  creates 
the  thermodynamic  condition  for  accelerated  transformation  organic  matter 
into  oil.  Lithospheric  inhomogeneities  of  the  Volga-Kama  plumes  such  as  the 
pluto-like  bodies,  as  the  Moho-discontinues  uplifts  and  heat  fluctuations  are 
modelling  and  are  observed.  The  melting  mushroom-like  plume  moves  under 
the  plate  in  the  south-east  direction  with  the  rate  10  ±  2mm/j/  in  the  local 
hot  spot  frame.  Its  action  is  traced  in  the  crust  a)  in  the  form  of  arched 
lineament  chain,  b)  by  divergent  horizontal  heats  flow  from  hot  spot  epicenter 
(50®N,  53®E)  and  c)  by  dependence  of  oil  density  (from  heavy  to  low  one)  in 
deposits  with  the  distance  from  the  modern  plume  location. 


Mantle  lithosphere  R-T  instability,  FEM  modeling  of  convective 
upwelling  of  mantle  lithosphere  beneath  rifts  zones. 
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We  present  quantitative  FEM  modeling  results  of  the  dynamic  interplay  of  intra-plate 
stress  driven  passive  extension  and  Raleidi-Taylor  instability  of  the  mantle  lithosphere  due 
to  lateral  and  vertical  density  gradients.  We  employ  a  two-dimensional  finite  element  code 
with  a  non-linear  temperature  dependent  visco-elasto-plastic  rheology.  The  model  results 
support  a  scenario  in  which  passive  stretching  leads  to  an  unstable  lithospheric 
configuration.  In  the  late  syn-rift  to  early  post-rift  thermal  buovancy  related  to 
asthenospheric  doming  drives  active  upwelling  in  a  lithospheric  scale  convection  cell 
causing  a  change  from  passive  to  active  rifting  mode.  Ii  this  transition  occurs,  the 
numencal  models  predict  1 )  drastic  increase  of  suD-crustal  thinning  beneath  the  rift  zone, 
2)  lower  crustal  flow  towards  the  rift  flank,  3)  middle  crustal  flow  towards  the  rift  center, 
4)  significant  decompression  melting,  5)  coeval  occurrence  of  tensional  stresses  within  and 
compressive  stresses  around  the  upwelling  region,  6)  possible  surface  uplift.  The  model 
results  may  explain  several  k^  observations  that  are  characteristic  of  a  large  number  of 
inira-contihental  rift  basins.  These  features  include  differential  thinning  of  extending 
lithosphere,  the  discrepancy  between  fault  related  extension  and  crustal  thinning,  late  fend 
of  syn-rift  -  early  post-rift)  mantle  related  volcanism,  surface  “domal”  uplift  succeeaing 
rifting,  rift  flanks  uplift  associated  with  exiension  of  a  weak  lithosphere  (shallow  level  of 
necking  case),  and  late  stage  acceleration  of  subsidence  caused  by  compressive  intraplate 
stresses.  Very  large  scale  thermal  anomalies  of  the  shallow  asthenosphere  may  explain  the 
observation  of  coeval  rifting  of  basins  far  apart  and  the  isotopic  and  geochemical  similarity 
of  the  rift  related  shallow  mantle  alkaline  volcanics.  E.g.  the  Miocene  age  Western  and 
Central  Europe  rift  s>stcm.  We  propose  that  the  increase  of  the  asthenosphere  temperature 
may  trigger  secondary  R-T  instable  growth  of  variations  in  the  lithosphere  thickness  and 
induce  acceleration  of  already  active  but  not  very  efficient  rifts.  In  this  way  passive  rifts 
that  were  already  active  may  show  a  transition  from  passive  to  active  rifting. 


AN  OVERVIEW  OF  THE  STRUCTURE  AND  EVOLUTION  OF  THE 
RIO  GRANDE  RIFT,  SOUTHWESTERN  NORTH  AMERICA 
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Over  the  past  15  years,  the  Rio  Grande  Rift  has  become  recognised  as  a  major 
continental  rift.  Its  development  began  30  m.y.a.  and  continues  today.  This  rift 
sets  on  the  crest  of  a  broad  linear  uplift  which  forms  the  modern  Rocky 
Mountains  and  is  underlain  by  a  region  of  hot  upper  mantle  as  revealed  by 
seismic  and  gravity  studies.  The  rift  zone  itself  is  similar  in  scale  to  the  Kenya 
rift.  It  begins  in  central  Colorado  and  extends  southward  across  New  Mexico 
into  northern  Mexico.  As  it  extends  southward,  the  physiographic  expression  of 
the  rift  widens,  the  elevation  of  the  flanks  and  rift  valley  decreases,  the  crust 
thins,  the  amount  of  extension  increases,  and  the  rift  merges  with  the  Basin 
and  Range  province.  The  crustal  expression  of  the  rift  is  clear  with  the 
minimum  thickness  being  -28  km.  However,  the  mantle  lithosphere  is  also 
effected  by  the  related  Jemez  volcanic  lineament  which  leleseismic  studies 
show  also  produces  lithospheric  thinning.  The  rifl  basins  are  very  deep 
containing  up  5  km  of  young  fill  in  addition  to  a  significant  thickness  of  pre-rift 
volcanics  and  post-Laramide  sediments.  One  well  drilled  to  almost  7  km 
without  leaving  Tertiary  strata.  Volcanism  in  the  past  15  Ma.  as  been  primarily 
basaltic  and  small  in  volume.  However,  large,  subduction-related  volcanic 
fields  flank  the  rift,  and  although  the  peak  activity  in  them  preceded  the  onset 
of  rifting,  considerable  volcanism  occurred  during  the  early  phase  of  rifting. 
Thus,  the  tectonic  history  of  the  region  just  prior  to  rifling  was  very  complex. 
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The  Kenya  Rift  International  Seismic  Project  (KRISP)  included  three  major 
seismic  experiments  supplemented  by  gravity,  conductivity  and  petrological 
studies.  These  indicate  anomalously  hot  mantle  material  rising  beneath  -the 
rift  about  20-30  Ma  ago  leading  to  widespread  volcanism  and  modification  of 
the  crust  by  mafic  igneous  underplating  and  intrusion.  This  was  accompanied 
by  5-10  km  of  crustal  extension  beneath  the  Kenya  dome  and  35-40  km  beneath 
the  Turkana  depression  in  the  north  part  of  the  rift.  The  velocity  structure  in 
the  uppermost  mantle  suggests  that  the  depth  to  the  onset  of  melting  under 
Turkana  is  greater  than  under  the  Kenya  dome.  The  crustal  structure  across 
the  rift  in  the  south  suggests  that  it  is  propagating  along  the  suture  between 
the  Archaean  and  Proterozoic  terrains. 


STRUCTURE  OF  THE  CRUST  AND  UPPER  MANTLE  BENEATH 
THE  BAIKAL  RIFT  FROM  TELESEISMIC  AND  LOCAL  TOMOGRAPHY 
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We  investigate  the  velocity  structure  beneath  the  Baikal  rift  zone  (BRZ)  and 
surrounding  areas  (Altai,  Sayan  and  northern  Mongolia)  by  using  both  conventional 
(far-distance  earthquakes)  and  inverse  (regional  sources  recorded  by  the  worldwide 
network)  teleseismic  schemes.  The  inversion  shows  the  existence  of  parallel  N-S- 
striking  alternated  velocity  anomalies  beneath  Siberia:  Altai  (+J,  L.Ubsu-Nur  [-J, 
Sayan  [+],  L.HubsuguI  [-],  Baikal  folded  system  [+].  At  the  BRZ  latitude,  we 
observe  a  strong  velocity  gradient  parallel  to  the  border  of  the  Siberian  shield.  We 
interpret  it  as  a  narrow  plume  injected  within  the  lithosphere  along  the  suture 
bordlng  the  shield.  It  might  weaken  the  lithosphere  in  the  suture  zone  which  locally 
undergoes  rifting  in  response  to  far-field  tectonics.  We  then  use  local  earthquake 
iravellimes  to  study  the  velocity  structure  beneath  the  BRZ  down  to  70  km  depth. 
Our  iterative  procedure  includes  effects  from  the  reference  model,  source  relocation, 
and  3D  inversion  of  velocity  anomalies.  The  model  obtained  shows  a  strong  P- 
velocity  reduction  below  the  Baikal  folded  area  in  the  shallower  part  of  the 
lithosphere  (0-30  km);  deeper  levels  (30-70  km)  show  features  striking  oblique  to 
the  BRZ.  We  find  a  good  correlation  between  volcanism  and  deeply-rooted  [-] 
anomalies  around  Hubsugul  lake.  Underplating  can  be  invoked  in  the  northern  BRZ. 
These  results  lead  us  to  conclude  that  a  mantle  diapir  cannot  be  the  dominant  reason 
for  rifting  in  the  Baikal  area,  as  assumed  in  previous  studies. 
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We  use  a  two-dimensional  finite  element  code  to  model  deformation  in  the 
Baikal  rift  along  a  lithospheric  scale  cross  section.  Kinematic  boundary  condi¬ 
tions  were  constrained  by  the  results  of  4  GPS  campaigns,  giving  an  average 
extension  rate  of  6  mm/yr  in  a  direction  perpendicular  to  the  rift.  We  assume 
an  initial  topography,  an  elastoplastic  (Drucker-Prager’s  law)  upper  crust  and 
upper  mantle,  and  a  viscoelastic  lower  crust.  The  geometry  of  the  faults  and 
lithosphere  interfaces  is  deduced  from  geological  and  geophysical  observations. 
A  single  SE-dipping  planar  fault  reproduces  rather  well  the  central  rift  as- 
symetry.  The  modeled  rift  shoulders  are  strongly  dependent  on  the  friction 
and  geometry  of  this  fault  and  on  the  mechanical  properties  of  the  crust.  The 
uplift  of  rift  flanks  can  be  mostly  explained  by  a  flexural  response  to  mechan¬ 
ical  unloading.  The  models  also  predict  significant  deformation  up  to  200  km 
away  from  the  rift  axis,  to  the  SE,  where  the  basin-and-range  type  of  topogra¬ 
phy  could  therefore  be  partly  related  to  the  current  opening  of  the  Baikal  rift 
associated  with  a  high  crust-mantle  decoupling  on  Khamar  Dhaban  range  side. 
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Recent  geophysical  and  geological  studies  in  the  Kenya  Rift  have  highlighted 
mantle  processes  as  being  responsible  for  lithospheric  extension.  Interpretation 
of  the  Kenya  Rift  International  Seismic  Project  (KRISP)  1994  seismic  and  grav¬ 
ity  profiles  across  the  southern  part  of  the  Rift  shows  that  the  extension  has 
been  focussed  along  the  orogenic  suture  between  the  Archaean  .\yanza  craton 
and  the  Proterozoic  Mozambique  orogenic  belt.  The  surface  expression  of  the 
suture  has  been  obscured  by  a  thin  sheet  of  deformed  Proterozic  basement  that 
has  been  thrust  150km  over  the  craton  margin  to  the  west.  .A  small  amount 
of  crustal  thinning  beneath  the  rift  axis  indicates  a  pure  shear  mechanism  at 
depth.  Wide-angle  reflection  bounce  points  within  the  rift  demonstrate  the  low¬ 
est  crustal  layer  as  being  highly  reverberative,  while  outside  the  rift  no  such 
reverberations  are  seen.  Petrological  considerations  and  synthetic  seismogram 
modelling  suggest  that  cumulate  layering  in  magma  chambers  and/or  sills  may¬ 
be  the  most  reasonable  explanation  for  the  production  of  the  reflection  signa¬ 
ture.  The  results  are  significant  to  our  understanding  of  how  magma  ascends 
from  the  upper  mantle  through  extending  continental  crust. 
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The  seismic  experiments  carried  out  between  1985  and  1994  as  part  of  the  Kenya 
Rift  International  Seismic  Project  (KRISP)  show  major  variations  in  lithospheric 
structure  both  along  and  across  the  rift.  Along  the  rift  axis  crustal  thickness  varies 
from  35  km  in  the  south  beneath  and  to  the  south  of  the  Kenya  dome  to  20  km  in 
the  north  beneath  the  Turkana  region.  Seismic  profiles  completed  in  1990  and 
1994  across  the  rift  north  and  south  of  the  Kenya  dome  both  show  that  the  low 
uppermost  mantle  Pj^  velocity  of  7.5-7. 8  km/s  and  crustal  thinning  up  to  10  km  is 
confined  to  below  the  surface  expression  of  the  rift.  An  abrupt  change  in  Moho 
depths  and  velocities  occurs  as  the  rift  boundaries  are  crossed.  Teleseismic 
tomography  of  the  P-velocity  structure  beneath  the  central  part  of  the  rift  reveals  a 
steep-sided  low-velocity  body  extending  down  to  100-150  km  depth  beneath  the 
surface  expression  of  the  rift.  The  maximum  anomaly  is  located  where  the 
Proterozoic  Aswa  suture  zone  intersects  the  Cenozoic  rift  at  the  location  of  the 
Kenya  dome.  The  results  indicate  the  presence  of  a  few  percent  of  partial  melt  in 
the  mantle  beneath  the  rift  and,  at  least  beneath  the  Kenya  dome  in  the  southern 
part  of  the  rift,  that  active  uprising  of  anomalously  hot  mantle  material  with 
thinning  of  the  lithosphere  from  below  is  the  dominant  rifting  mechanism. 


MODELLING  LATERAL  EXTENSION  AND  RIFTING  IN  A 
STRATIFIED  LITHOSPHERE  WITH  APPLICATIONS  TO  THE 
AFRO-ARABIAN  RIFT  SYSTEM. 
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We  present  models  which  simulate  the  interplay  between  lithospheric  spreading  rate 
versus  mantle  upwelling  rate  in  rift  dynamics.  In  models  with  mantle  upwelling 
rates  much  faster  than  crustal  spreading  rates,  the  domal  uplift  and  the  vertical  and 
lateral  development  of  crustal  failure  was  controlled  by  the  rising  mantle  diapir.  The 
diapir  localised  the  extension  by  thinning  the  ductile  crust.  In  this  mode  domal  uplift 
preceeded  the  localization  of  a  necking  instability  and  subsequent  graben 
formalion.When  lithospheric  spreading  was  faster  than  rate  of  rise  of  a  mantle  diapir, 
listric  normal  faults  and  spaced  grabens  developed  at  a  wavelength  much  wider  than 
the  lateral  width  of  the  underlying  mantle  diapir.  In  this  case  the  mantle  diapir  played 
a  passive  role  and  was  mainly  involved  in  the  modificaiton  of  subcrustal  detachments 
which  developed  previously  in  respone  to  the  differential  lithospheric  extension.The 
Dynamic  models  are  applied  on  different  parts  of  the  Afro-Arabian  rift  system  whose 
distinctive  stniclurai  styles  may  reflect  lithospheric  spreading  operating  at  different 
rates.  The  Ethiopian  rift  is  taken  as  a  test  case  of  the  “active”  mechanism  of  rifting 
above  a  mantle  plume  rising  faster  than  lithospheric  extension.  By  contrast,  the  Red 
sea  may  have  opened  after  major  lithospheric  extension  along  sub-horizontal 
detachments  in  response  to  divergence  of  the  Arabian  plate  contemporaneous  with 
subduction  in  the  Zagros. 
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Rifting  and  flexure  of  the  continental  lithosphere: 
COMPARISON  BETWEEN  THE  EAST-AFRICAN  AND  BAIKAL  RIFTS 
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In  this  study,  we  compare  flexural  gravity  models  of  the  East-African  and  Baikal  rift 
zones  in  order  to  estimate  the  variations  of  the  lithospheric  strength,  and  assess  the 
flexural  behaviour  of  the  lithosphere  and  the  origin  of  the  observed  topography  in 
two  active  rift  zones.  Lithospheric  extension  generates  thermal  disturbances  and 
isostatic  reactions  expressed  in  vertical  movements  (basin  subsidence,  rift  flank 
uplift).  The  mechanical  response  of  the  lithosphere  is  mainly  controlled  by  the 
rheology,  the  pre-rift  lithospheric  structure,  and  the  strain  rate,  which  determine  the 
rift  morphology  and  the  style  of  the  extensional  deformation.  As  shown  by  gravity 
and  topography  modeling,  the  formation  of  long-lived  high  rift  flanks  imply  that  the 
lithosphere  must  retain  strength  during  extension.  The  integrated  lithospheric 
strength  is  usually  described  by  the  effective  elastic  thickness  parameter  (EET). 
However,  modeling  the  flexural  rigidity  of  the  continental  lithosphere  requires  us  to 
take  into  account  more  realistic  brittle-elasto-ductile  (quartz-dominated 
crust/olivine-dominated  mantle)  rheology.  These  mechanical  models  allow  to 
account  for  a  realistic  stress  distribution  in  the  lithosphere,  and  for  the  distribution  of 
inelastic  brittle  and  ductile  behaviors.  This  study  shows  that  in  both  rift  zones,  the 
lithosphere  still  exhibits  an  important  strength,  especially  in  the  old  cratonic  areas 
bounding  ttip  East-African  and  Baikal  rifts. 
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Cenozoic  rilling  in  the  Baikal  region  (East  Siberia)  is  remarkable  by  strong  tnflnencc 
of  pre-existing  lithospheric  inhoinogcneltles  on  its  style  and  character  as  it  is  one  of 
repealed  tectonic  episodes  in  tlie  region.  Among  oilier  specific  features  of  Baikal 
rifling,  inferred  fioin  analysis  of  geological  and  geophysical  data,  are  its  coincidence  in 
time  with  collision  between  India  and  Eurasia,  small  volume  of  rifling-related 
voclanism,  geophysical  deep  structure  images  of  little  contrast  against  those  of  atyaecnt 
cratonic  areas,  poorly  pronounced  position  of  the  asthenosphere  beneath  tlie  rift,  sliown 
amblgou.sty  by  difTcrent  geophysical  methods  Finally,  the  rift  is  isolated  and  has  no 
evident  relation  to  the  world  rift  system.  Tlicse  facts  taken  in  consideration,  a  new 
rifting  mechanism  is  proposed,  dial  reconciles  the  “passive"  and  active"  models.  The 
mechanism  is  based  on  the  hypothesis  that  energy  feeding  active  areas,  rifts  included, 
is  not  due  to  hotspots  beneath  them,  but  rather  to  heat  accumulated  under  adjiiceiu 
cratons  and  transported  by  divergent  mantle  flow-  towards  cralon  margins 


CRUSTAL  STRUCTURE  OF  BAIKAL  RIFT  -  INHOMOGENEITIES 
AND  EVOLUTION  THROUGH  GEOLOGICAL  TIME 

Yu.F.Sokolova  d).  N.A.Mironova  (1),  A.V.Karakin  (2) 

(1)  Schmidt's  United  Institute  of  Physics  of  the  Earth  RAS,  Moscow, 

(2)  VNII  Geosystem,  Moscow 
ugen@uipe-ras.scgis.ru  /Fax:  -l■7-095-2548935 

Xenoliths  are  «instant  pictures  of  the  lithospere's  state.  Crustal 
xenoliths  of  Cenozoic  basalts  in  the  Baical  rift  zone  and  its 
continuation  to  N.  Mongolia  contain  some  traces  of  partial  melting 
connected  with  intergranular  shearing.  As  a  result,  the  substance  of 
deep-crust's  layers  is  transformed  into  two-phase  mechanically 
mobile  medium.  Some  peculiarities  of  Palaeozoic  structure  of  the 
crust  were  studied  by  mapping  granite-gneiss  domes  of  Western 
Baikal  Area.  «Moire  patterns))  were  recognized  from  large-scale  airial 
photographs  (1:3000  and  larger).  These  «moire  structures#  are 
composed  of  vertically  elongated  «cigars»,  blisters,  tubes  which  are 
supposed  to  be  fluid-conducting  channels.  A  ID  nonstationary 
mathematical  model  of  the  soliton-like  fluid  motion,  based  on  the 
mechanics  of  porous  saturated  media  with  a  viscous  (compacted) 
skeleton,  is  developed. 


THE  OKINAWA  TROUGH:  CONTINENTAL 
RIFTING  IN  A  BACK  ARC  SETTING 

Z.  Zhou*.  Z.  Liao'  and  J.  Jiang- 
('  Laboratory  of  Marine  Geology,  Tongji  University,  Shanghai 
200092,  China;  e-mail:  zzydmg@tju.ihep.ac,cn 
2  Research  Institute  of  Shanghai  Offshore  Petroleum  Exploration, 
Shanghai  200052,  China) 

The  Okinawa  Trough  is  located  at  the  Southeast  continental  margin  of 
the  East  China  Sea,  behind  the  Ryukyu  Trench  and  the  Ryukyu  active 
volcanic  arc.  It  provides  an  excellent  example  of  an  active  rift  at 
perhaps  the  most  advanced  stage  (  a  stage  between  East  African  and 
the  Red  Sea)  of  the  modern  continental  rifting  process  in  the  world. 

The  activities  of  the  present-day  Okinawa  Trough  are  exhibited  by  a 
variety  of  geological  and  geophysical  phenomena  among  which  are 
extremely  high  and  variable  heat  flow  (a  mean  value  of  548  mW/m-)’ 
strong  and  frequent  earthquakes,  high  gravitational  anomaly,  active 
volcanoes  and  faults,  high  subsidence  rate,  active  hydrothermal 
mounds,  etc.  Although  the  most  widely  distributed  volcanic  rocks 


THE  OKINAWA  TROUGH:  CONTINENTAL  RIFTING  IN  A  B.ACK  ARC 
SETTING 

Z.  Zhoul.  Z.  Liaol  and  /.  Jiang2(l  Laborator>'  of  Marine  Geology.  Tongji  University. 
Shanghai  200092.  China:  e*mail:  zzyclmg(n.tju.ihcp,ac.cn  2  Research  Institute  of  Shanghai 
Oflshorc  Petroleum  Exploration.  Shanghai  200052,  China) 

The  Okinau^  Trough  is  located  at  the  Southeast  continental  margin  of  the  East  China 
Sea.  behind  the  Ryuk>u  Trench  and  the  Rv-uk>u  active  volcanic  arc.  It  provides  an 
excellent  example  of  an  active  rift  at  perhaps  the  most  advanced  stage  (  a  stage  bctuccn 
East  African  and  the  Red  Sea)  of  the  modem  continental  rifting  process  in  the  world.  The 
activities  of  the  pmsent-day  Okinawa  Trough  are  exhibited  by  a  variety  ofgeological  and 
geophysical  phenomena  among  which  arc  extremely  high  and  variable  heat  flow  (a  mean 
value  of  548  mW  m2),  strong  and  frequent  earthquakes,  high  gravitational  anomaly, 
active  volcanoes  and  fault.s.  high  subsidence  rate,  actise  hydrothermal  mounds,  etc. 
Although  the  most  widely  distributed  volcanic  rocks  dredged  in  the  trough  are  acidic 
pumice  with  Si02  content  >  70"o.  basaltic  rocks  arc  also  dredged  occasionally  in  the 
center  and  southern  pan  of  the  trough.  The  mineralogy  .  pctrogcochcmistry  and  trace 
clement  studies  of  these  basaltic  rocks  yield  characteristics  comparable  to  those  of  E-type 
MORB.  Geophysical  studies  including  analysis  on  the  gravitational.  elcc(ro*magnetic  and 
OBS  data  reflect  the  existence  of  thin  lithosphere  (<50km)  and  crust  (between  12~20km) 
as  well  as  the  existence  of  a  uplifted  low  density,  high  temperarare  abnormal  mantle 
underneath  the  trough.The  rifling  mechanism  of  the  Okinawa  Trough  is  unique  in  the 
following  aspects.  First,  the  location  and  geometry  of  the  rift  was  determined  by  the 
low-strcss  type  of  the  subduction  zone  of  Ryukyu,  Second,  the  arc-coniincntal  collision 
in  the  nearby  Taiwan  region  triggered  the  rifting  process  in  early  Pletstoeone.  which 
could  also  account  for  the  diftcrent  volcanic  activities  in  the  northern  and  southern  pan 
of  the  trough.  Finally,  the  resultant  uplifted  abnomial  mantle  resul 
led  in  the  rifting  process  in  full  swing  with  large  scale  volcanic  and  hydrothermal 
activities,  although  so  far  the  stage  of  sea  floor  spreading  is  yet  to  come.  Deep  seismic 
and  deep  drilling  at  selected  sites  in  the  Okinawa  Trough  would  shed  new  light  on  the 
thorough  understanding  of  continental  rifting  process,  which  in  turn  provide  insight.s  into 
the  mechanism  and  evolution  of  w  idely  de\cloped  Tertiary  rifting  basins  in  East  China, 
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NEW  DATA  ABOUT  PECULIARITIES  OF  PHYSICAL  PROPERTIES  IN  THE 
KOLA  SUPERDEEP  HOLE 

Leonid  V.  Borevsky  (HYDEC  Company,  15  Parkovaya,  10a,  Moscow,  Russia)  Yuty 
I.  Kuznetsov  (Superdeep  Well  Logging  Department,  GERS  Corporation,  Zapolymy, 
Russia),  Svet.Yu.Milanovsky  (United  Institute  of  Physics  of  the  Earth  RAS, 
B.Gruzinskaya  10, 123810,Moscow,  Russia) 

A  study  for  petrophysical,  geothermal,  hydrogeological  zonation  for  Kola  hole  is 
presented.  Hydrogeological  zonation  for  Kola  can  be  divided  into  4  parts.  Permeable 
zone,  associated  with  exogenous  issuring  (0-800m).  Zone  ofjoint  (free  and  chemically 
bounded)  waters  (800-4500m).  Zone  of  regional  tectonic  foliation  and  hydraulic 
desegregation  of  rocks,  with  free  high  saline  waters  (4500-9200m).  Zone  of  joint 
waters,  mainly  chemically  bounded  with  vein-type  reservoir  for  free  water  (>9200m). 
Zones  III  and  IV  are  associated  with  riftogenic  evolution  of  Pechenga  Greenstone  Belt. 
Fractures  were  formed  during  dehydration  processes  in  a  closed  system.  4.5  km 
depth-boundary  is  assosiated  with  sharp  change  of  petrophysical  properties  of  the 
rocks:  seismic  velocity,  porosity  and  density.  It  was  established  that  mechanical  state 
of  geomaterials  is  responsible  for  this  phenomena.  For  the  upper  part  of  Kola  section 
we  can  explain  heat  flow  density  increase  with  depth  as  a  result  of  subvertical  water 
flow  and  influence  of  paleoclimat.  Deeper  than  4.5  km  rocks  are  fractured  and  water 
saturated.  For  observed  geothermal  parameters  we  need  to  check  factors  like  refraction 
of  temperature  field,  free  water  convection  in  the  caving  hole  and  in  fractures,  degree 
of  representation  of  rock  samples  for  in  situ  conditions  to  understand  the  result  of 
measurements. 


THE  3-D  ANISOTROPIC-STRUCTURAL  MODEL  FOR  THE  SECTION  OF 
KOLA  SUPER  DEEP  (KSDB-3) 


F  F  Ciorbatsevich  (1)  and  Yu.P.Smimov(2) 

(1)  Geological  Institute  Kola  Science  Centre  Russian  Academy  of  Sciences,  14, 
Fersman  Sir.,  Apatity,  Murmansk  region,  184200,  RUSSIA, 
gorichs@gorichs.murmansk.su,  (2)  Scientific-Industrial  Centre  "Kola  Super-Deep 
Weir,  17,  Yubileinaya  Str,,  Zapolamy,  Murmansk  region,  I844I5,  RUSSIA 


STRUCTURE  OF  THE  UPPER  CRUST  ENT  SG4  BOREHOLE 
AREA  PROM  VERTICAL  INCIDENDE  AND  VSP  DATA 

P.  Ayarza  (1),  C.Juhlin  (1),  L.Pevzner  (2),  M.Blitnesov  (3),  T.Hismatulin  (3) 
and  A.  Rybika  (3) 

(1)  Dept.Geophysics,  Uppsala  University,  75236  SWEDEN,  (2)  K.Svoboda  str. 
8/38,  Yaroslval,  150000,  RUSSIA.  (3)  UralGeolCom,  Scheelit.624051,  RUSSIA. 

The  upper  crust  in  the  Middle  Urals  shows  a  high  reflectivity  which  has  been 
partly  ^dressed  to  low  velocity/density  zones:  fault  zones.  The  SG4  borehole 
area  (Tagil  Volcanic  Arc-Middle  Urals)  has  been  densely  sampled  with  surface 
reflection  seismic  data  (ESRU95-Juhlin  et  al.l997,  in  press)  and  VSP  data 
(VSP94-Juhlin  et  al.  1997,  VSP97-Ayarza  et  al.  1997)  in  order  to  And  accurate 
correlations  between  reflections  and  faults  identified  on  maps  and  therefore 
infer  the  3D  structure  of  the  area.  On  the  VSP97  data,  reflective  events  are 
found  intersecting  the  borehole  at  (A)1500  m,  (B)2900  m,  (C)4800  m,  and 

(D)  5200  m.These  correlate  with  NS/E  dipping  reflectors  on  the  ESRU95  data. 
However,  the  most  reflective  and  continuous  event  observed  in  the  VSP97  data 

(E)  does  not  appear  to  have  a  clear  signature  in  the  ESRU95  data,  hindering  its 
correlation  with  a  precise  fault  zone.  Rotation  of  the  VSP97  3  component  data 
provides  a  method  of  identifying  the  arrival  direction  of  the  direct  tind  reflected 
energy  and  therefore,  gives  an  approximate  strike  and  dip  of  the  reflectors. 
Modelling  of  the  travel  times  further  constrains  their  dip.  A  NS/E  dipping 
fault  appears  agmn  to  be  the  source  of  the  energetic  event  (E).  It  is  not  cletirly 
observed  in  the  ESRU95  profiles  due  to  the  lower  resolution  of  the  dataset. 
Polarity  analysis  of  reflected  events  add  further  constrmns  on  their  origin. 


The  Earth's  crust  investigation,  recently  promoted  by  direct  methods  of  extracting 
rock  samples  from  super-deep  boreholes,  allows  one  to  make  the  ideas  about  the 
geospace  structure  more  precise,  at  least  in  the  range  from  0  to  15  km.  The 
quantitative  description  of  elastic  anisotropy  is  made  by  an  acoustopolarization 
method  along  the  whole  section  of  KSDB-3  to  the  depth  of  12.26  km.  Some  rocks  of 
Proterozoic  complex  (4.43-6,84  km)  and  practically  all  Archean  rocks  display  rather 
strong  anisotropy.  Rocks  of  orthorhombic  symmetry  with  oblique  arrangement  of 
symmetry  planes  to  the  borehole  axis  prevail  From  the  surface  to  12.26  km  of 
crystalline  rocks  ten  structural-anisotropic  floors  have  been  distinguished  by 
anisotropy  parameters.  The  floors  differ  in  dip  angles,  a  trend  azimuth  of  anisotropy 
plane,  the  value  of  anisotropy  index.  The  boundaries  of  stmctural-anisotropic  floors 
and  the  suite  and  stratum  conwcts  within  Proterozoic  and  Archean  complexes,  as  a 
rule  do  not  coincide.  The  current  status  of  theory  and  practice  of  geophysical 
observations,  carried  out  on  the  earth's  surface,  does  not  yet  allow  one  to  specify  a 
symmetry  type  and  other  data  in  not  exposed  rocks  with  certainty.  Thus,  scientific 
programs,  using  deep  and  super-deep  wells,  are  necessary  to  develop  algorithms  for 
processing  geophysical  work  results  in  the  regions  of  anisotropic  rocks  occurrence. 


JCNOr)  at  Ny-Alesund:  Measurements  and  Model  Calculations 
Harald  J.  Beine  (1)  and  Ame  Dahlback  (2) 

(1)  Norwegian  Institute  for  Air  Research  (NELU),  Kjeller,  Norway, 
harry@nilu.no,  (2)  University  of  Oslo,  Norway. 

The  photolytic  rate  constant  of  NO2,  J(N02),  has  been  determined  using  two 
independent  methods  at  the  Ny-Alesund  International  Arctic  Research  and 
Monitoring  Facility.  NILU  has  operated  since  1994  a  JfNOr)  radiometer, 
and  additionally  during  1995/96  a  UV  filter  instrument.  The  results  of  the 
latter  are  used  as  input  in  a  radiative  transfer  model  using  the  discrete 
ordinate  method  to  calculate  J(N02)  rates. 

In  this  paper  we  present  the  measured  quality  controlled  KNOi)  timeseries 
from  the  radiometer,  and  compare  noon-time  values  with  model  results. 
Implications  for  background  Arctic  photochemistry  and  the  tropospheric 
ozone  budget  are  discussed. 


TEMPERATURE  DISTRIBUTION  AND  ANOMALIES  IN  THE 
CRYSTAL  BASEMENT 

N.N.  Khristoforova.  A.V.  Khristoforov  (1)  R.C.  Muslimov,  G.I.  Panarina  (2) 
(1)  Kazan  State  University,  (2)  Oil  Company  "Tatneft”,  Almetievsk,  Russia 
Anatoly.KhristoforovSksu  ru 

Our  experiments  in  ultradeep  and  deep  boreholes  on  the  East  European  plat¬ 
form  have  revealed  temperature  anomalies  in  the  crystal  basement  that  we 
interpreted  as  representing  unconsolidated  zones.  Despite  much  local  complex¬ 
ity,  basement  thermogram  (large-scale  variation)  appears  to  be  fairly  uniform. 
The  most  important  feature  in  the  temperature  distribution  with  depth  is  the 
large-scale  homogeneity  and  heterogeneities  on  a  smaller  spatial  scale.  Various 
temperature  anomaly  types  have  been  observed  in  the  crystal  basement,  and 
they  are  classified  in  9  main  groups.  They  have  various  form  and  sizes.  There 
are  strata  of  large  thickness  at  great  depths  where  T  anomalies  concentrate. 
The  studies  indicate  that  fluid  injection  anomalies,  sheet  flow  zones  and  gas 
anomalies  with  sharp  and  extensive  transitions  from  inpermeable  to  perme¬ 
able  rocks  could  be  revealed  on  the  basis  of  temperature  measurements.  For 
many  zones  of  the  basement  the  flow  dynamics  processes  leading  to  temper¬ 
ature  anomalies  are  becoming  understood,  for  some  zones  our  knowledge  is 
not  adequate.  Whatever  the  sources  that  contribute  to  the  anomalies  most  of 
them  are  zones  of  convective  heat-mass  transfer.  Especially  important  is  the 
accumulating  evidence  that  these  unconsolidated  zones  occur  at  great  depths 
in  the  crystal  basement  and  that  their  thickness  and  magnitude  increase  with 
increasing  depth.  The  temperature  regime  will  have  a  greater  tendency  toward 
T  inhomogeneity  and  temperature  anomalies  will  be  larger. 
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CRUSTAL  STRUCTURE  REVEALED  BY  SCIENTIFIC  DRILLING  OF  THE 
KOLA  SUPERDEEP  BOREHOLE 

I.  Kouzneisov,  V.Svalova,  J.Smimov,  E.Kouznetsova 
GERS,  Moscow,  Russia 

svaiova@geoenv.msk.su/Fax:7-(095)-923- 18-86 

Scientific  drilling  of  the  Kola  Superdeep  well  (12262  m)  car-  ried  out  in  the 
northern-eastern  part  of  the  Baltic  Shield  has  allowed  to  get  the  immediate  information 
on  physical-mechanical  properties  of  the  deep  horizons  of  the  ancient  earth  crust  "in 
situ"  and  to  perform  a  monitoring  on  the  variations  in  their  state  with  space  and  time. 
The  analyses  of  the  petrophysical  materia!  combined  with  pet-  rochemical  and 
lithologicals  stratigraphic  data  have  permitted  to  de-  termine  experimentally  the 
origin  of  the  waveguides  in  the  earth  crust  governed  by  the  fractal  properties  of  the 
media.  This  universal  pro-  perty  is  defined  not  only  by  the  structural-substantial 
peculiarities  of  the  rock,  but  also  by  their  complex-stressed  state.  The  anomalous  slate 
of  the  media  in  the  lower  horizons  of  the  earth  crust  and  mantle  is  a  result  of  deep 
spreading  of  the  faults  and  attendant  fracturing.  In  spite  of  the  depth  increase  the 
following  characteristics  are  noted  in  these  horizons:  lessened  velocities  of  seismic 
waves  propagation,  high  permeability  of  the  geological  media,  drastic  drop  of 
strength,  relatively  low  temperature  (200-  600o)  and  "low"  pressure  (200-1000  MPa). 


KTB  DEEP  CRUSTAL  LAB  - 

EXPLORING  THE  DEEP  ON  THE  LONG-TERM 

J.  Kuck  (1),  J.  Lauteijung  (2),  L.  Wohlgemuth  (3) 

GeoForschungsZentrum,  GFZ-Potsdam,  Germany 
jkueck@gfz-potsdam.de 

The  worlds  deepest  earth  observatory  is  operated  by  the  GeoForschungs¬ 
Zentrum  Potsdam,  GF2,  since  January  1996  in  the  9101  m  deep  main 
borehole  and  the  nearby  4000  m  deep  pilot  hole  of  the  German  Conti¬ 
nental  Drilling  Project,  KTB.  The  GFZ  as  a  main  geoscientific  research 
institute  in  Germany,  provides  the  logging  equipment  on-site.  Within  five 
years  major  scientific  targets  of  continental  drilling,  like  temperature  gra¬ 
dient,  magnetic  and  gravity  field,  hydraulic  and  rheological  rock  proper¬ 
ties  and  tidal  effects,  will  he  investigated.  Mainly  by  long  time  observa¬ 
tions  of  time  dependent  processes  in  the  crust,  unaffected  by  the  con¬ 
straints  of  an  active  drilling.  A  deep  seismological  observatory  records 
worldwide  seismicity  with  stations  at  3800  m  and  7200  m  far  below  any 
anthropogenic  surface  noise.  Deep  gravity  and  seismic  measurements  are 
performed  within  and  below  the  major  steeply  dipping  thrust  fault  zone  at 
around  7  km.  New  sondes  have  been  developed  for  long-term  measure¬ 
ments  under  the  extraordinary  KTB  conditions  (250  ®C  and  100  MPa). 
Interested  institutes  and  companies  are  invited  to  contribute  to  the  pro¬ 
gram. 


LOGGING  FOR  STRUCTURES  AND  CRUSTAL  COMPOSITION  IN  THE 
SCIENTIFIC  BOREHOLE  URALSKAYA  SG-4. 

R.  Pechnig  (1),  J.  Wohlenberg  (1),  L.  Pevzner  (2)  and  Ch.  Juhlin  (3) 

(1)  Applied  Geophysics,  RWTH  Aachen/Germany,  renate@sun.geophac.rwth- 
aachen.de,  Fax:  +49-241-8888132,  (2)  NEDRA  Yaroslavl/Russia,  (3)  Uppsala 
University/Sweden. 

The  Ural  Superdeep  Well  SG-4  is  located  in  the  Middle  Urals  in  an  area  with  a  long 
history  of  geophysical  studies.  Major  goals  of  the  project  are  to  investigate  the 
Uralian  upper  crustal  composition  and  the  nature  of  seismic  and  other  geophysical 
boundaries.  The  project  consists  of  a  pilot  hole  down  to  4000  m  and  the  main  hole 
which  reached  an  actual  depth  of  5354  m.  A  broad  set  of  laboratory  investigations 
have  been  performed  on  the  continuous  core  (recovery  rate  65  %).  Wireline  data 
exist  down  to  4000  m  and  extensive  borehole  seismic  experiments  were  conducted 
recently.  Logging  data  play  a  key  role  in  providing  the  link  between  large  scale 
seismic  investigations  and  small-scale  core  data.  The  present  wireline  and  core  data 
set  indicate  that  many  of  the  upper  crustal  seismic  reflections  correlate  with  major 
fracture  zones.  However,  for  other  reflections  it  is  not  clear  whether  they  originate 
from  structural  or  lithological  discontinuities.  Correlations  between  core  analyses 
and  log  data  show  some  of  the  logs  (egs.  susceptibility  and  gamma-ray  log)  to  be 
strongly  related  to  rock  composition.  Others  are  sensitive  to  fault  and  fracture  zones. 
Thus,  integrated  log  analysis  allows  the  discrimination  of  the  compositional  and 
structural  origins  for  the  in-situ  physical  property  variations.  Future  work  is  targeted 
to  performing  downhole  measurements  also  in  the  deepest  part  of  the  borehole 
(below  4000),  log  Vp  and  Vs  velocities  in  the  upper  4000  m  and  to  link  the  seismic 
data  to  detailed  log  and  core  data. 


Structure  and  Tectonic  Stresses  in  Oceamc  Basement 
Holes  drilled  by  DSDP  and  ODP. 

P.A.  Pezard  (CEREGE  -  BP80,  13545  Aix-en-Provence  cedex  4, 
France),  Celerier  B.  (ISTEEM,  34095  Montpellier  cedex  5,  France). 

Scientific  drilling  provides  a  unique  means  to  investigate  present 
tectonic  stresses  in  the  upper  crust  from  rupture  of  borehole  surfaces 
and  drilling-induced  shear  of  pre-existing  fault  planes.  While  borehole 
ellipticity  analyses  are  used  to  orient  the  stress  tensor,  the  re-activation 
of  fault  planes  can  lead  to  the  evaluation  of  stress  magnitude.  For 
example,  downhole  measurements  and  images  recorded  in 
metamorphic  basement  during  ODP  Leg  161  (Alboran  Sea,  Hole 
976B)  have  been  analyzed  with  this  objective.  Hole  ellipticity  is  rare 
and  often  associated  with  changes  in  hole  trajectory.  A  few  narrow 
intervals  with  sharp  changes  in  hole  geometry  are  found  to  correspond 
to  active  faults  from  BHTV  images.  While  20  such  faults  are  detected 
over  a  80-m-long  interval,  the  mapping  of  fault  planes  and  drilling- 
induced  slip  vectors  leads  to  the  identification  of  an  extensional 
tectonic  regime,  with  the  minimum  stress  axis  pointing  N080°.  If  Si  is 
considered  as  lithostatlc,  the  magnitude  of  the  three  principal  stresses 
may  be  determined  as  a  function  of  the  friction  coefficient  (^i).  This 
new  result  is  compatible  with  an  extensional  collapse  model  of  the 
Alboran  basin.  Similar  drilling-induced  ruptures  are  also  identified  in 
numerous  DSDP  and  ODP  holes  penetrating  structures  created  along 
mid-ocean  ridges. 


geophysical  INVESTIGATIONS  ON  THE  BASE  OF  THE  KOLA 
SUPERDEEP  BOREHOLE 

J.Smimov,  E.Kouznetsova,  N.  Galdin 
GERS,  Moscow,  Russia 

svalova@geoenv.msk.su/Fax:7-(095)-923-18-86 

Seismic  investigations  were  carried  out  by  method  of  vertical  seismic  profiling  during 
long  period  of  time  with  the  purpose  of  studying:  ve-  locity  and  damping  of  elastic 
waves  in  the  vertical  section  of  boreho-  le  SD-3,  complex  wave  field,  nature  of  seismic 
boundaries  in  the  upper  part  of  the  earth  crust  (in  particular  subhorizon  boundaries 
registe-  red  by  DSS  method  (Deep  Seismic  Sounding)  at  the  depth  of  5-7  km  and 
9-13  km).  The  diagram  of  layer  velocities  of  longitudinal  waves  for  SD-3  section 
was  constructed  up  to  the  depth  of  12  km.  Discovered  by  DSS  method  subhorizon 
seismic  boundary  with  the  velocity  of  6.5  km/sec  (surface  of  "basalt  layer")  was  not 
confirmed  on  vertical  velocity  section.  On  the  base  of  geological-geophysical 
researches  it  was  de-  termined  that  region  of  the  Kola  well  SD-3  is  connected  with 
extended  active  tectonic  zone  of  high  permeability.  Tectonic  activity  and  fluid 
mobility  there  decrease  with  depth.  Anomalous  zone  is  characterized  by  lower  seismic 
velocity  (waveguide).  SD-3  crossection  investigations  gave  possibility  to  determine 
the.high  permeability  zones  at  different  depths. 


SEISMIC  TOMOGRAPHY  IMAGE  OF  THE  AREA  NEAR  THE 
URALS  SUPERDEEP  BOREHOLE  SG4 

P.Soupios  (1),  P.Ayarza  (2),  C. Juhlin  (2),  C.Papazachos  (3)  and  G.Tsokas  (1) 
(1)  Dept,  of  Geophysics,  Aristotle  University  of  Thessaloniki,  Greece,  (2)  Dept, 
of  Geophysics,  Uppsala  University,  Sweden,  (3)  Institute  of  Engineering  Seis¬ 
mology  &  Earthquake  Engineering  (ITSAK),  Thessaloniki,  Greece. 

In  March  1997,  a  new  VSP  experiment  was  acquired  in  the  vicinity  of  the  SG4 
borehole  (Tagil  Volcanic  Arc,  Middle  Urals).  15  shots  of  high  resolution  data, 
were  recorded  on  3  component  geophones,  located  at  depths  between  1120m 
and  3920m  at  20m  intervals. 

The  data  set  consists  of  first  breaks  of  both  P  and  S  waves  from  the  VSP 
dataset.  P  and  S  traveltimes  were  used  for  inversion  of  the  15  shots.  A  genetic 
algorithm  was  used  to  solve  the  non-linear  forward  and  inverse  problem.  An 
initial  model  with  a  positive  gradient  w'ith  depth  was  used.  A  ray  initializer 
method  (Thurber  et  al.,1980)  was  used  as  a  rapid  ray  tracing  solution.  After 
that,  curved  raypaths  were  applied  using  the  ray  bending  revisited  method 
(Moser  et  al.,  1992).  The  bending  method  picks  up  the  initial  path  by  the  ray 
initializer  method  and  uses  Beta-spline  functions  and  the  conjugate  gradient 
method,  making  a  succesive  minimization  of  traveltimes.  The  inverse  problem 
was  solved  using  Singular  Value  Decomposition  with  damping  and  smoothness 
factors. 

The  Poisson’s  ratio  was  calculated  and  defines  “weak”  regions,  indicating  where 
possible  fracture  or  fault  zones  may  exists,  as  well  as  more  mafic  rock. 
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ORGANIC  CARBON  DISTRIBUTION  IN  SEDIMENTARY  COVER  OF  THE 
PACIFIC  AND  INDIAN  OCEANS 


A.A.Vetrov  (1),  E.A.Romankevich  (1)  and  M.M.Marina  (1) 

(1)  P.P.Shirsov  Institute  of  Oceanology,  Moscow,  biochlgocean.ru 

Analysis  of  data  on  the  content  of  total  organic  carbon  (TOC)  in  sedimentary  cover  of 
the  Pacific  and  Indian  Oceans  (the  results  of  drilling  up  to  1996  yr.  DSDP  and  OOP, 
holes  No  1-869)  was  made.  As  a  result  average  TOC  concentrations  for  epochs  of 
Cretaceous  and  Cenozoic  were  estimated  as  well  as  character  of  their  temporal 
changes.  The  six  maps  of  TOC  distribution  in  deposits  of  upper  Cretaceous. 
Paleocene,  Eocene,  Oligocene,  Miocene  and  Pliocene  were  constructed  on  the  base  of 
palinspastic  reconstructions  wich  were  compared  with  the  maps  of  TOC  distribution  in 
recent  bottom  sediments.  Evolution  of  TOC  distribution  is  evinced  as  increase  of 
average  TOC  concentrations  in  deposits  from  upper  Cretaceous  to  Holocene,  The 
regularities  of  TOC  distribution  in  sedimentary  cover  were  controlled  by  complex  set 
of  factors,  first  of  all  tectonic  and  climatic  ones  which  governed  circulation  of  surface 
and  undersurface  waters,  enhancing  and  spreading  of  coastal  upwellings,  fluxes  of 
nutrients  to  euphotic  zone,  marine  productivity  and  flux  of  organic  matter  (OM)  to  the 
seafloor,  input  of  terrigeneous  OM  from  land  mainly  as  dissolved  and  particulate  OM 
of  river  run-off.  As  in  present-days  various  rate  of  burial  of  OM  resulted  diverse 
preservation  of  OM  under  anoxic  and  oxidative  conditions. 


SE16  3-D  crustal  imaging  of  France 

Convener:  Ledru,  P. 

Co-Conveners:  Fuchs,  K.;  Galdeano,  A. 


3D  MODELING  OF  THE  BLOND  AND  VEYNAZES  GRANITIC 
MASSIFS 

L.  Ameglio  (1),  H.  Tardif  (2),  J.  L.  Vigneresse  (2),  C.  Le  Carlier  de  Veslud  (3) 
and  the  GeoFrance  3D  team  (1) 

(1)  L.M.G.T.,  Univ  P.  Sabatier,  38  rue  des  36  ponts,  Toulouse,  France, 

(2)  C.R.E.G.U-C.N.R.S.,  B.P.  23,  54501  Vandoeuvres-Les-Nancy,  France. 

(3)  C.R.P.G.-C.N.R.S.,  B.P.  20,  54501  Vandoeuvres-Les-Nancy,  France. 
jlvOcregu.cnrs-nancy.fr/Fax:  [4-33]  3  83  44  00  29 

Within  the  GeoFrance3D  program,  results  of  a  gravimetric  inversion  are  imaged 
using  gOcad  3D  modeler  with  application  to  the  Blond  and  La  Chataigneraie 
(V'eynazes  and  Marcoles)  granitic  massifs  (French  Massif  Central).  The  Blond 
Leucogranite  massif  appears  as  a  V-shaped  granite  3  km  thick.  In  its  southern 
section,  a  deep  zone  (6  km),  oriented  N60E,  is  observed  close  to  the  Oradour 
dextral  fault.  This  fault  controls  the  granite  emplacement.  The  northern  part 
has  a  laccolithic  shape  (<  2  km)  with  deeper  zones  trending  EW  with  more 
evolved  rocks.  The  morphology  of  both  Marcoles  and  Veynazes  massifs  is  very 
flat  (<  2  km).  Two  minima  are  observed,  the  first  one  (2.5  km)  just  under 
Labesserette,  the  second  one  under  Marcoles  (1.25  km).  The  two  massifs  are 
connected,  but  density  modelling  clearly  shows  an  eastward  buried  infiltration 
of  the  Veynazes  toward  the  Marcoles  massif  Buried  extension  (on  3.5  km)  of  the 
Veynazes  granite  is  also  observed  to  the  north,  connected  to  W  mineralization. 


A  NEW  COMPILATION  OF  THE  AEROMAGNETIC  DATA  OF  MASSIF 
CENTRAL,  CORRELATION  TO  GEOLOGICAL  AND  GEOCHEMISTRY 
DATA  (GUOFRANCE  3D  PROJECT). 

F.  Asfiranel,  V.  Bouchotl,  L.  ViallefondI,,J,L.  Feybessel,  A.  BourguignonI,  C. 
Truffertl  1  BRGM,  f.asfirane@brgnn.fr  fax  :  00  33  02  38  64  33.34 

This  geophysical  study  was  done  within  the  frame  of  the  metallogenic  project 
ofGeoFrance3D  program.  A  new  compilation  of  two  aeromagnetic  surveys  realized 
in  the  Massif  Central  in  1972  and  1975  has  been  compiled  at  an  altitude  of  1200 
m.  A  500  x  500  m  grid  spacing  has  been  obtained.  Several  aeromagnetic  maps 
(reduction  to  the  pole,  upward  and  downward  continuation,  vertical  gradient)  have 
been  processed.  In  this  study,  focussed  on  granitic  recognition,  gravimetric, 
geological  and  geochemistry  data  have  been  integrated.  Granites  have  a  particular 
implication  in  hydrothermal  fluid  transfert  and  deposition  of  mineralization  then, 
their  geometry  is  important  for  the  metallogenic  process  understanding. 
Geophysical  study,  magnetic  coupled  with  gravimetry,  allows  to  show  up  buried 
granites  and  to  evaluate  their  geometry. 


SHALLOW  CRUSTAL  IMAGING  OF  ARMORICAN  BELT  FROM  ARMOR 
SEISMIC  PROFILE 

S  l.e  Repat(l).  G.  Grandjean  (1)  et  R.  Wyns  (2) 

(1)  BRGM,  Direction  de  la  recherche,  BP  6009,  45060  Orleans,  France,  (2)  BRGM, 
Service  Geologique  National,  BP  6009, 45060  Orleans,  France. 
cassl@ul20.brgm.fr/Fax:  (33)  02  38  64  33  61 

The  ARMOR  AR2  deep  seismic  profile  data,  recorded  in  1995  in  the  northern  part 
of  the  Armorican  belt,  have  been  inverted  in  order  to  obtain  the  superficial  velocity 
field  until  600  meters  depth.  First  breaks  from  unit  shots  are  first  picked  and  taken 
as  the  observed  traveltimes  data  set.  An  initial  velocity  model  is  then  built  from  a 
modelling  stage  and  shots  interpretation.  An  iterative  algorithm,  based  on  damped 
least  squared  method,  is  used  to  invert  the  data,  until  the  velocity  model  converge  to 
an  acceptable  velocity  model.  This  one  shows  up  a  60  meters  thick  layer 
overcoming  a  thicker  layer.  Strong  lateral  variations  of  velocity  are  observed  in  the 
central  part  of  the  profile;  This  corresponds  simultaneously  to  a  low  velocity  zone 
and  to  the  first  layer  thickening. 

The  features  of  weathering  profiles  physical  properties  in  the  Armorican  context  are 
determined  from  electric  soundings  and  50  meters  depth  drillings.  They  allow  us  to 
explain  the  low  velocity  zone  as  a  shallow  weathered  zone  corresponding  likely  to  a 
continental  paleosurface.  The  thickening  observed  in  the  central  part  of  the  profile 
occurs  when  passing  through!  the  North  Armorican  Shear  Zone.  At  this  location, 
low  velocities  are  also  obtained  in  depth  beneath  the  weathered  zone,  underlining 
the  strong  influence  of  deformation  and  fracturation  on  weathered  development. 


3D  MODELLING  :  FROM  CROSS-SECTION  EDITOR  TO  GEOPHYSICAL 
COMPUTING 

J.-D.  Boissonnat(I),  Ph.  Calcagno(2),  G.  Courrioux(2),  A.  Guillen(2),  S.  Nullans(l), 
X.  Renaud(2),  Ph.  Repusseau(2),  M.  Thibaut(2)  and  C.  Tmffert(2) 

(1)  INRIA,  Sophia-Antipolis,  (2)  BRGM,  Orleans 
p.calcagno@brgm.fr/TeI.33(0)238643054,  Fax  33(0)238643334 

Geological  bodies  are  naturally  complex  because  they  result  from  a  succession  of 
events  that  have  led  to  their  present  morphologies.  In  order  to  understand  them, 
maps,  sections,  drilling,  seismic  profiles  are  used  to  reconstruct  their  geometry. 
Three  dimensional  modelling  is  an  essential  tool  to  merge  all  these  ID  and  2D 
data  in  a  unique  3D  space.  A  cross-section  editor  is  used  to  ensure  3  dimensional 
geometric  coherence  of  data  coming  from  different  sources  but  describing  the  same 
study  area.  Then,  an  automatic  method  based  on  Voronoi  diagrams  is  proposed  for  the 
3D  volume  reconstruction  of  geological  objects.The  resulting  geometrical  model 
is  a  consistent  partition  of  space  according  to  data  specifications.  The  model 
is  illustrated  through  a  3  dimensional  image  which  can  be  easily  shared  by  a 
wide  audience.  Moreover,  constructing  this  geological  model  serves  to  test  the 
hypotheses  on  which  it  is  based.  The  structure  of  the  geometrical  model  allows  to 
perform  potential  field  calculations.  Densities  (respectively  magnetic  susceptibilities) 
are  associated  with  modelled  geological  bodies  to  compute  the  gravity  (respectively 
magnetism)  contribution.  By  comparison  between  observed  and  calculated  field,  the 
model  is  refined  to  fit  the  observations.  Methodology  is  applied  on  Argentat  fault 
area  (South-Western  French  Massif  Central)  and  the  Cadomian  terranes 
(Northern  French  Britanny)  examples  from  the  GeoFrance  3D  program. 


LITHOLOGIC  INVERSION  FROM  PLURAL  GEOPHYSICAL  DATA 
M.Bosch  (I) 

(1)  Laboratoire  de  Tomographic  Geophysique,  IPGP,  Paris, 
bosch  @  ipgp.jussieu.fr/Fax:  +33- 1 44273894 

A  new  probabilistic  based  methodology  allows  to  formalize  the  prob¬ 
lem  of  integrating  information  from:  (1)  different  types  of  geophysi¬ 
cal  surveys,  (2)  petrophysics  and  geostatistics  and  (3)  prior  geological 
knowledge  of  the  area.  The  methodology  requires  a  joint  representation 
of  several  media  properties  in  the  model  and  the  use  of  probability  den¬ 
sity  functions  (pdfs)  to  describe  the  information.  From  the  combination 
of  the  plural  information  the  joint  posterior  pdf  is  defined.  A  Markov- 
chain  Monte  Carlo  method  is  developed  to  sample  joint  models  from  the 
joint  posterior  pdf.  Each  one  of  these  models  represents  an  equally  prob¬ 
able  image  of  the  volume  under  study  and  the  statistics  calculated  over 
the  sample  allow  to  estimate  the  true  properties  and  its  uncertainties.  The 
method  is  illustrated  by  a  2D  synthetic  test  and  a  2D  example  using  data 
from  the  Cote  d’Armor  region. 


VALIDATION  OF  MULTIDISCIPLINARY  DATA  USING  THERMO-MECHANICAL 
NUMERICAL  MODELLING:  APPLICATION  TO  THE  WESTERN  ALPS 

E.B.  Burovd).  Y.  Podladchikov(2),  G.  Grandjean  (1),  J.-P.  Burg  (2),  E.  Kissling  (2) 

(1)  BRGM,  BP  6009,  Orleans,  France,  e-mail:  burov@u]27.brgmJr 

(2)  ETH,  Zurich,  Switzerland 

French  Program  GeoFrance  3D  assembles  available  multi-disciplinary  data  on  the  3D 
structure  of  the  lithosphere  beneath  France  and  bordering  regions,  which  invokes  the  difficult 
problem  of  validation,  compatibility  and  adjustment  of  data  of  different  nature,  quality  and 
origin.  We  propose  an  approach  which  exploits  the  natural  interdependence  between  the 
different  physical  parameters  of  the  geological  structures  (density,  rheology,  temperature, 
stress,  etc.).  This  is  done  via  Incorporation  of  the  multidisciplinary  data,  as  input  parameters, 
in  the  "uniting"’  thermo-mechanical  model  which  allows  to  verify  if  the  mechanical  stability, 
velocity,  density  and  temperature  structure  of  the  particular  geotectonic  region  can  be 
reproduced  with  these  input  data.  The  model  is  based  on  the  FLAC-based  algorithm  which 
solves  equilibrium  problems  for  media  composed  of  multiple  brittle-efasto-ductile  structures 
(including  large  faults)  corresponding  to  the  input  density,  lithology,  temperature  and 
velocity  structure.  Due  to  its  ability  to  reproduce  strain  localizaions  without  initial  pre- 
refinements  of  the  mesh,  our  model  can  additionally  predict  fault  distributions  that  can  be 
matched  with  the  observations.  In  case  of  large  errors  in  the  definition  of  the  geometry  of  the 
input  density  bodies,  lithologies  etc,  unrealistic  geometries  of  the  internal  interfaces  as  well  as 
unrealistic  velocity  and  stress  distributions  or  synthetic  seismic  patterns  are  predicted  by  our 
model,  thus  indicating  problematic  places  in  the  input  data.  Tests  of  our  approach  on  the 
Alpine  orogenic  system  (ECORS  and  NFP20  profiles)  suggest  that  some  significant 
corrections  must  be  applied  to  the  seismically  predicted  geometries  of  the  Ivrea  body  and  of 
the  depleted  subducted  crust.  One  of  the  other  Interesting  results  is  that  the  subduction  of  the 
lithosphere  beneath  the  Western  Alps  is  seemingly  conditioned  by  the  densit>-  and  rheology 
of  the  crust  and  obviously  does  not  require  extra  slab-pull  forces. 


CONTRIBUTION  OF  SAMPLE  MEASUREMENTS  TO  MAGNETIC 
MODELLING  OF  THE  FRENCH  CADOMIAN  BELT 

C.  Cauvin  (1),  A.  Galdeano  (2).  E.  Egal  (3),  C.  Truffert  (3)  and  J.  P.  Pozzi  (I) 

(1)  ENS,  CNRS-URA  1316,  Paris,  (2)  IPGP,  Paris.  (3)  BRGM.  Orleans 
Cauvin@geologie.ens.fr 

The  French  Cadomian  belt  (Northern  Armorican  MassiO  is  a  privileged  area  for 
studying  the  Panafrican  orogeny  processes.  Direct  magnetic  modelling  was 
computed  along  profiles  extracted  from  a  detailed  aeromagnetic  map  and 
constrained  by  the  geometry  of  the  magnetic  bodies  and  their  magnetizations.  The 
last  ones  have  been  calculated  from  a  data  base  of  about  350  rock  samples. 
Sample  measurements  show  that  the  NRM  is  negligible.  So  only  computed  mean 
induced  magnetizations  were  attributed  to  each  magnetic  body.  The  strongest 
magnetizations  and  the  strongest  anomalies  are  associated  with  the  same 
formations.  The  Binic  basin  was  modelled  with  a  large  wavelength  folded  shape 
and  reaches  about  2km  depth.  The  St  Quay  Intrusion  intrudes  the  Binic  basin  at 
its  centre  with  vertical  contacts.  The  modelling  imposes  that  this  intrusion 
appears  composed  of  two  magnetic  bodies  in  its  eastern  part  and  of  one  single 
magnetic  body  in  its  western  part.  The  southern  limit  of  the  basic  part  of  the 
Lanvollon  formation  is  modelled  fromverlical  to  strongly  dipping  to  the  north. 
The  Lanvollon  Formation  exhibits  an  heterogeneous  magnetic  behaviour 
consistent  with  lithology  made  of  intercalated  acid  and  basic  metavolcanic  bodies. 
In  addition,  from  the  eastern  to  the  western  profiles,  the  magnetic  modelling 
points  out  a  difference  of  thickness  in  the  acid  part  of  the  Lanvollon  fonnaiion. 
We  propose  to  relate  it  to  initial  variation  of  the  thickness  of  the  acid  volcanic 
bodies. 


ANALYSIS  OF  SURFACE  WAVES  IN  THE  FRENCH  ALPS  BY  A 
DENSE  BROAD-BAND  STATION  ARRAY 
N.  Cotte,  H.  Pedersen  and  M.  Campillo 

Laboratoire  de  Geophysique  Interne  et  Tectonophysique,  38100  Grenoble, 
France. 

ncotte01git.obs.ujf-grenoble.fr/Fax:  [33]  4  76  82  81  01 

During  6  months  in  1996,  6  broad-band  stations  were  installed  in  the  french 
Alps,  near  Brian^on  (Hautes-.Alpes)  for  the  GeoFrance3D  program.  The  sta¬ 
tions  were  disposed  as  a  circle  and  the  aperture  of  the  array  was  approximately 
25  km.  The  purpose  of  such  a  small  array  is  to  study  the  local  variations  of 
surface  waves  parameters  (dispersion,  amplitude,  polarisation)  and  finally  to 
determine  the  crustal  structure  in  the  Alps.  We  measure  first  the  back-azimuth 
for  teleseimic  events  recorded  by  this  array.  The  method  used  is  based  on  the 
delay  calculation  between  2  stations  for  a  moving  window  in  the  time  domain. 
These  delays  are  inverted  to  determine  the  slowness  in  the  space  directions. 
Results  from  the  back-azimuth  analysis  show  strong  differences  between  the 
direct  ray  and  the  great  circle  path.  They  can  reach  up  to  lo**  degrees  for 
frequencies  between  0.025  and  0.050  Hz,  due  to  the  lateral  heterogeneities  in 
the  crust.  This  analysis  can  determine  the  direction  of  propagation  inside  the 
array,  which  secondly  allows  to  choose  the  best  pairs  of  stations  to  measure  the 
phase  velocity.  Since  in  most  of  the  cases  the  distance  between  the  stations  are 
too  small  as  compared  to  the  wavelength,  data  coming  from  other  broad-band 
stations  in  the  .Alps  are  included  in  our  set.  Finally,  we  propose  to  calculate 
the  dispersion  curves  of  phase  velocity  between  15  and  60  period  seconds. 


A  DENSE  TEMPORARY  SEISMIC  NETWORK  IN  THE  W.  ALPS 

J.  Frechet  (1),  N.  Bethoux  (2),  M.  Campillo(l),  M.  Cattaneo  (3),  A.  Paul  (1), 
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In  the  framework  of  GoFrance  3D-Alpes,  a  dense  network  of  seismic  stations  w^ls 
deployed  in  the  western  Alps  (44-45®N,6-8'*E).  The  network  contained  more  than 
100  stations:  73  temporary  stations  installed  during  the  6-month  experiment  period 
(08/1996  through  01/1997),  completed  by  over  30  permanent  stations.  The  main 
objectives  of  this  experiment  were:  i)  high-precision  locailization  of  local  earthquakes, 
with  special  emphasis  on  depth  determination,  ii)  computation  of  focal  mechanisms 
in  order  to  test  several  geodynamic  models  proposed  for  the  western  Alpine  arc,  iii) 
local-event  tomographic  inversion.  The  network  successfully  recorded  over  1000  local 
earthquakes  (-0.5<Mi<4.2). 

The  preliminary  seismicity  maps  obtained,  based  on  more  than  750  locaJ  events, 
show  various  striking  features.  Two  major  elongated  active  zones  correspond  to  the 
Brianconneus  Zone  (depths  0-10  km)  and  to  the  Ivrea  Body  zone  (depths  10-20  km). 
Other  more  diffuse  active  zones  are  found  in  the  External  Domaiin  {depths  0-10  km). 
The  crystalline  Pelvoux  and  Argenlera  massifs  are  almost  aseismic.  Not  surprisingly, 
this  activity  mimics  the  activity  mapped  previously  by  means  of  permanent  networks, 
Nevertheless,  the  density  of  the  temporary  network  will  edlow  a  detailed  study  of  the 
various  faults  involved.  The  timing  accuracy  achieved  through  the  use  of  GPS  time 
receiver  allows  us  to  perform  a  cross-correlation  analysis  of  clusters  (i.e.  doublet  anal¬ 
ysis).  The  high  number  of  events,  as  well  as  their  favourable  geographic  repartition, 
provides  us  with  a  unique  data  set  for  the  tomographic  study  underway. 
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THE  AEROMAGNETIC  MAP  OF  COTENTIN  (NW  FRANCE) 

A.  Galdeano  fH.  F.  Asfirane  (2),  C.  Truffert  (2).  C.  Cauvin(3) 
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A  very  detailed  aeromagnetic  survey  has  been  carried  out  in  1996  covering  about 
17000  km’  of  the  Cotentin  region  (North  Western  France).  Tliis  survey  has  been 
realised  at  a  constant  clearance  of  400  m.  The  line  spacing  was  500  m  and  the  cross 
line  spacing  2500  m.  These  data  have  been  transformed  in  a  250  m  elementary 
squared  grid.  This  map  shows  some  magnetic  anomalies  which  are  well  correlated 
with  geological  features.  In  order  to  interpret  the  magnetic  anomalies  in  terms  of 
geological  structures,  some  processing  have  been  done.  We  computed  a  reduction  to 
the  pole  to  replace  the  magnetic  anomalies  at  the  top  of  the  sources.  We  are 
surprised  to  notice  that  the  mean  amplitude  anomalies  of  this  region  is  very  low 
compared  to  the  amplitude  of  magnetic  anomlies  of  the  aeromagnetic  general 
survey  of  France  (1965),  except  in  some  points  as  Flamanville  where  we  obsca  e  an 
important  anomaly  with  an  amplitude  of  about  800  i\T.  This  anomaly  is  associated 
to  the  Flamanville  granite.  A  part  of  the  well  known  Coutances  anomaly  is 
displayed.  We  also  observe  some  magnetic  anomalies  which  correspond  probably  to 
the  continuity  of  the  anomalies  observed  in  Saint  Malo  region.  To  the  south,  the 
aeromagnetic  map  shows  better  structuring  anomalies  which  are  probably 
associated  to  the  dykes  system.  This  map  allowed  us  to  underscore  some  anomalies 
associated  to  subsurface  structures. 


THE  MILLION  GEOFRANCE  3D  PROJECT:  A  SCIENTIFIC  PLATFORM 
FOR  STUDYING  WESTERN  EUROPEAN  LITHOSPHERE 

G.Grandjean  (1),  A.Bitri  (1),  N.Debeglia  (1),  F.Guillocheaii  (2).  C.Mennechet  (1) 
andE.Burov(l). 
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Tlie  GeoFrance3D  Million  project  is  a  research  platform  dedicated  to  study  the 
crustal  and  lithospheric  structures  of  Western  Europe,  including  France  and 
neighbouring  countries.  This  approach  implies  the  development  of  the  following 
aspects:  (1)  to  focus  on  geological  problems  at  the  scale  of  the  lithosphere  to  have 
access  to  the  geodynamical  implications;  (2)  to  merge  and  reprocess  data  sets  to 
valorize  and  extend  the  old  and  Ruure  acquisitions;  (3)  to  store  data  in  a  database 
and  allow  their  division  in  the  international  scientific  community;  (4)  to  use 
geological  and  geophysical  modelling  to  validate  or  not  the  geological  concepts. 
This  tasks  run  in  tlie  same  objectives  defined  in  the  GeoFrance3D  program  which 
are  to  produce  3D  views  of  the  crustal  structures,  and  check  their  reliability  by 
using  geophysical  simulations.  The  presented  examples  illustrate  such  a 
methodology  applied  to  the  Annorican  Moho  and  Paris  Basin  modelling,  and  to  the 
validation  of  Alpine  crustal  sections  by  mechanical  constraints.  At  this  time  the 
Million  project  shows  that  it  was  possible  to  reach  new  research  axes  when  working 
at  the  scale  of  lithosphere  by  combining  geophysical  and  geological  information.  It 
was  specifically  shown  that  data  sets  merit  to  be  completed  in  some  place  either  by 
merging  the  data  sets  of  the  European  community,  or  by  planning  new  acquisitions. 


WHAT  DO  WE  KNOW  ABOUT  THE  LITHOSPHERE  BENEATH 
FRANCE  FROM  SEISMIC  TOMOGRAPHY  AND  SEISMIC 
ANISOTROPY 

M.  Granet  (1),  U.  Achauer  (1),  U.  and  S.  Judenherc  (1) 
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The  recent  development  of  portable  short-period  digital  arrays  in  conjunction  with 
the  upgrading  of  existing  permanent  networks  has  significantly  improved  our 
possibilities  to  investigate  the  geoteclonic  settings  of  the  upper  mantle. 

It  is  now  commonly  accepted  that  besides  strong  lateral  velocity  heterogeneities, 
upper  mantle  structures  can  be  characterized  by  the  amount  and  direction  of  seismic 
anisotropy.  We  demonstrate  that  the  anisotropy  deduced  from  Pn  and  S-like  phases 
complement  remarkably  well  isotropic  tomographic  studies,  not  only  for  mapping 
structural  features  within  the  lithosphere,  but  also  for  accessing  the  style  of 
deformation  at  depth,  one  fundamental  parameter  for  discussing  the  geodynamic 
evolution.  Examples  of  applications  of  array  studies  in  France  include  the 
RhineGraben  area,  the  Pyrenean  and  Alps  mountain  ranges,  the  French  Massif 
Central  and  most  recently  the  Armorican  Massif.  All  these  target  areas  are 
remarkable  tectonically  active  regions  characterized  either  by  volcanism,  collision  or 
extension.  In  this  paper  we  shall  present  the  latest  results  obtained  from  2D-  and 
3D-imaging  experiments  for  P-  and  S-wave  velocities  and  anisotropy  including 
petrological  and  geochemical  constraints. 


CADOMIAN  TECTONICS  IN  NORTHERN  BRITANNY:  RESULTS  FROM 
IMAGERY  AND  3D  MODELING  AT  A  CRUSTAL  SCALE. 

P.  Guennoc  (1),  J,P.  Brun  (2)  and  ARMOR  Group 

(1)  BRGM,  45060  Orleans,  France,  (2)  Geosciences  Rennes,  35042  Rennes 
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The  Cadomian  orogenic  domain  is  the  only  outcropping  area  of  the  Late 
Proterozoic  basement  of  NW  Europe,  preserved  from  later  strong  deformation. 
Following  previous  intense  surface  mapping  and  field  studies,  the  ARMOR 
Project,  set  on  within  the  frame  of  G^oFrance3D  program,  was  devoted  to  the 
study  at  a  crustal  scale  of  the  main  Cadomian  tectonics. 

Prolonging  to  the  south  a  previous  marine  deep  seismic  profile,  combined  surveys 
performed  on  land  have  included  a  deep  seismic  reflection,  magnetotclluric 
soundings,  detailed  gravimetric  profiling  and  further  modeling  in  order  to 
investigate  the  geometry  of  the  main  geological  contacts  along  a  single  transect. 
The  study  of  the  tectonics  and  geometries  at  depth  in  other  domains  was  based  on 
gravity  and  magnetic  maps  analysis  and  modeling. 

The  3D  geometrical  models  built  upon  these  various  studies  display  the  geometry 
of  the  main  cadomian  tectonic  features.  The  tectonic  planes  appears  to  be  steeply 
(filling  in  the  uppermost  crust  and  are  then  progressively  flatenning  down  to  at 
least  10  km  deep.  Taking  in  account  the  geophysical  results,  the  3D  modeling  and 
field  evidence,  Cadomian  tectonics  are  best  explained  at  a  crustal  scale  as  a  large 
oblique  strike  slip  thusting  system. 


3D  IMAGING  OF  THE  HERCYNIAN  SUTURE  IN  THE  FRENCH 
"MASSIF  ARMORICAIN” 
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Poupinet  (3) 
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The  Armorican  Massif  (western  France)  is  a  part  of  the  hercynian  orogeny  with 
its  several  phases  of  SE-NW  compression  from  Devonian  to  Carboniferious  time 
(400-300  Ma).  The  main  tectonic  features  are  the  north-  and  south-armorican 
faults  with  WNW-ESE  strike.  The  increased  seismic  activity  in  recent  years 
along  these  faults  has  triggered  some  interesting  questions:  -  Do  the  tectonic 
structures  of  the  hercynian  times  still  affect  the  whole  of  the  lithosphere  ?  -  Do 
they  control  the  actual  regional  tectonic  movements  ?  -  What  is  the  vertical 
extension  of  the  deformations  related  to  the  hercynian  range  ?  In  order  to  sched 
light  on  these  questions,  we  have  installed  a  temporary  seismological  network  in 
this  area  for  9  months.  The  network  consisted  of  two  approximatively  200  km 
long  parallel  profiles  crossing  the  main  faults  approximatively  perpendicular 
(N15E  azimuth).  Each  profile  consisted  of  1$  stations  with  a  station  spacing 
of  5  to  10  km  and  a  distance  between  both  profiles  of  about  30  to  40  km.  the 
stations  were  equipped  with  either  1  s,  5  s  and  2  broad  band  seismometers. 
Local  regional  and  numerous  teleseismic  events  were  recorded  resulting  in  a 
large  and  complementary  data  set  {Pn,  P,  PKP,  S,  SKS  ...).  Data  examples 
and  very  preliminary  results  (first  step)  of  the  work  will  be  shown. 


3D  MODELING  OF  THE  ARGENTAT  CRUSTAL  ZONE 
(GEOFRANCE  3D  PROGRAM) 
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In  the  French  Massif  Central,  the  300+/-  30  Ma  period  is  characterised  by  sev¬ 
eral  economic  mineral  deposits  (Au,  U,  W) .  3D  modeling  of  the  South  Limousin 
crustal  block  has  been  carried  out,  using  the  gOcad  modeler,  based  on  nine  in¬ 
terpreted  cross  sections,  geologic  map,  gravimetric  and  geochemical  data  (As). 
The  coincidence  of  major  tectonic  units,  As  anomalies  and  Au  indices  points 
to  the  major  role  played  by  two  features  during  As-Au  rich  fluid  migration: 
the  Argentat  fault  and  the  lower  gneiss  unit  (LGI).  However,  this  latter  unit 
is  not  uniformly  affected  by  these  fluids.  To  the  south  (Tulle  antiform),  these 
anomalies  are  uncommon,  while,  to  the  north  (Meuzac  antiform),  they  spread 
toward  the  west  to  the  St  Yrieix  gold  mining  district.  To  the  north  as  well  as 
to  the  south,  the  inversion  of  gravimetric  data  shows  the  presence  of  a  pluton, 
about  3  to  5  km  thick,  which  may  have  provoked  fluid  motions.  The  observed 
difference  probably  comes  from  the  permeability  of  the  two  LGI  zones,  the 
northern  zone  be  ing  more  fractured  than  the  southern  one.  A  global  mecha¬ 
nism  including  thermicity  and  tectonics  of  this  region  has  to  be  investigated  in 
order  to  propose  a  P-T-t-X  path  compatible  with  geological  constraints. 
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A  DETAILED  GRAVITY  SURVEY  IN  CEVENNES  (SOUTH¬ 
EAST  MASSIF  CENTRAL)  :  CONSTRAINTS  ON  THE  3-D 
CRUSTAL  STRUCTURE 
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We  have  carried  out  a  detailed  gravity  survey  in  the  framework  of  the 
GeoFrance  3D  program.  This  survey  allowed  to  fill  one  of  the  gaps  in  the 
existing  gravity  coverage  over  France.  In  most  parts  of  the  surveyed  area  we 
sampled  one  gravity  measurement/^m’.  The  1200  data  points  were  measured 
using  Scintrex  CG3-M  meters.  Locations  and  altitudes  were  obtained  by  dif¬ 
ferential  GPS.  Altitudes  of  some  IGN  benchmarks  were  also  measured  using 
GPS  in  order  to  accurately  determine  the  geoid  anomaly.  Inner  zone  terrain 
corrections  were  estimated  on  the  field,  and  outer  zones,  up  to  to  167  km  were 
computed  using  a  DTM.  The  overall  accuracy  of  the  complete  Bouguer  anomaly 
ranges  between  0.5  and  2  mGal  depending  upon  the  terrain  roughness.  The  re¬ 
sulting  Bouguer  map  highlights  the  N-S  asymetric  shape  of  the  pluton  inferred 
from  surface  geology  and  clearly  shows  the  location  of  the  plton’s  root.  The 
homogeneity  of  the  data  set  allows  us  to  test  several  interpretation  techniques 
including  the  fractal  approach  for  density  determination,  Euler  deconvolution 
and  analytical  signal  methods.  We  present  and  discuss  here  some  results  ofthe 
analysis  and  modelling  of  the  complete  Bouguer  anomaly  in  light  of  the  geo¬ 
logical  observations. 


LOCAL  EARTHQUAKE  TOMOGRAPHY  OF  THE  SOUTH¬ 
WESTERN  ALPS  (GEOFRANCE  3D  1996  EXPERIMENT) 

A.  Paul  (1),  F.  Thouvenot  (1),  J.  Frechet  (1),  M.  Cattaneo  (2),  D.  Spal- 
larossa  (2)  and  N.  Bethoux  (3) 
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di  Genova,  Italy,  (3)  UMR  Geosciences  Azur,  Universite  de  Nice,  France. 

A  6-month  seismological  experiment  was  conducted  in  1996  in  the  southwest¬ 
ern  Alps  within  the  framework  of  the  G^france  3D  project  (see  companion 
paper  by  Fr4chet  et  al).  The  short  interstation  spacing  (10  km)  and  the  large 
number  of  local  earthquakes  recorded  (more  than  300)  provide  a  unique  oppor¬ 
tunity  to  compute  high-resolution  3D  images  of  the  crustal  structure.  We  use 
the  classical  technique  of  Thurber  (1983)  to  invert  traveltimes  of  local  events 
for  P-wave  velocities  in  a  crustal  block  of  size  160x160x20  km^  centered  at 
44.5®N-7®E.  Although  resulting  images  are  still  preliminary,  their  most  strik¬ 
ing  feature  is  the  high-velocity  anomaly  associated  with  the  Ivrea  body.  Be- 
tweeft  1  and  6  km  depth,  it  appears  as  a  narrow  (width  smaller  than  10  km) 
north-south-elongated  high-velocity  (6.5  to  7.2  km/s)  structure.  The  anomaly 
extends  northward  with  weaker  amplitudes  and  a  progressive  shift  to  the  east, 
following  the  general  trend  of  the  Bouguer  gravity  anomaly.  Towards  the  south, 
it  disappears  suddenly  below  the  northern  limit  of  the  surface  exposure  of  the 
Argentera  crystalline  massif.  At  depths  greater  than  7-8  km,  the  high-velocity 
body  widens  while  shifting  15  km  to  the  east.  The  second  most  stable  feature 
of  the  tomographic  images  is  a  low-velocity  zone  (4.5  to  4.8  km/$)  visible  at 
shallow  depths  (<  8  km)  beneath  the  front  of  the  Digne  nappes. 


3D  CRUSTAL  STRUCTURE  OF  THE  SWISS  ALPS: 
LATERAL  CHANGES  IN  SPACE  AND  TIME 
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The  European  lower  crust  at  the  transition  form  the  Eastern  to  the  Western  Alps 
displays  a  remarkeably  regular  structure.  In  contrast  the  lower  crust  of  the  dAdriatic 
palle  changes  along  strike  from  east  to  west  reflecting  the  transition  within  a 
stretched  continental  margin;  in  the  east  the  lower  crust  forms  a  deep  seated  deformed 
wedge  forced  into  the  European  plate,  whereas  in  the  west  it  remained  near  the 
surface  after  Mesozoic  extension  and  associated  uplift  and  now  displays  the  effects  of 
Alpine  compression. 

The  upper  crust’s  3D  geometry  as  imaged  by  the  top  surface  of  the  pre-Triassic 
crystalline  basement  is  a  regular  surface  in  a  1st  order  approximation  only.  Elongate 
basement  uplifts  with  amplitudes  exceeding  10  km  are  arranged  en  echelon  along 
strike.  The  internal  structures  associated  with  these  uplifts  encompass  fold  and  thrust 
structures  that  vary  significantly  along  strike.  A  series  of  geologic  profiles 
controlled  by  seismic  data  spaced  at  50  km  intervals  reveal  that  individual,  km-scale 
structures  do  not  persist  laterally.  Cooling  data  suggest  that  the  basement  uplift 
formed  in  an  irregular  fashion,  propagating  along  strike  in  time.  Deformation 
sequences  within  individual  cross  sections  in  general  propagate  down  and  outward; 
thrust  faults  that  extend  into  the  foreland  are  responsible  for  a  substantial  part  of  the 
amplitudes  of  the  basement  uplifts. 


DEEP  AND  SHALLOW  STRUCTURE  OF  THE  NW 
MEDITERRANEAN:  NEW  INSIGHTS  ON  THE  LIGURIAN  SEA 
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The  NW  Mediteranean  has  been  formed  by  the  counterclockwise  rotation 
of  the  Corsica-Sardinia  block  away  from  Europe  in  the  Late  Oligocene- 
Early  Miocene.  Compilation  of  various  and  numerous  existing  geophysical 
data,  reprocessing  of  gravity  and  magnetics,  structral  mapping  from 
numerous  recent  MCS  seismic  profiles  have  provided  much  new  details 
on  the  geometry  of  the  margins  structures.  Steep  and  narrow  margins  of 
the  Ligurian  sea  display  strong  differences  compared  with  the  Gulf  of 
Lions  and  Western  Sardinian  margins  where  a  wide  continent-ocean 
transition  domain  exists.  Although  they  appear  relatively  linear  at  a 
regional  scale,  investigation  and  mapping  of  structures  of  the  Ligurian 
margins  at  different  levels  have  revealed  a  close  segmentation  at  a  scale  of 
a  few  tenths  of  kilometers.  While  general  structure  of  the  basin  and 
margins  was  formed  during  the  Ligurian  sea  opening,  large  post-rift 
volcanism,  vertical  movements  and  messinian  erosion  and  very  coarse 
sedimentation  have  played  a  significant  role  in  the  shaping  of  the  present 
structures. 


GEOLOGICAL,  GEOPHYSICAL  AND  RADIOCHRONOLOGICAL 
INVESTIGATIONS  IN  THE  FRENCH  MASSIF  CENTRAL.  CONSEQUENCES 
ON  THE  MEGASTRUCTURE  INTERPRETATIONS  i 

J.Y.  Roig  (1).  J.P.  Milesi  (I).  M.  Faure  (2).  C.  Tniffcrt  (I).  H.  Maliiski  (3).  V. 
Bouchoi  (1).  GeoFrance  3D  "3D  cartography  and  mctallogeny  team" 

(1).  BRGM.  Orleans.  (2).  CNRS-UMR  6530,  Orleans.  (4).  CNRS-UMR  5567, 
Montpellier;  jy.roig@brgm.fr/Fa.x;  +33  2  38  64  36  52 

The  variscan  belt  of  Europe  Is  a  meiallogenic  province  (W.  Au.  U)  where  the  main 
mineralizing  processes  occured  between  330  and  270  Ma.  The  French  Massif 
Central  Is  a  case  history  for  Paleozoic  collision  orogens  and  includes  significant  ore 
deposits.  .The  origin  and  conditions  of  emplacement  of  the  hydrothermal  paleofield 
are  used  as  markers  of  tl\e  late  orogcnic  evolution  of  the  variscan  belt.  The  imaging 
ofthe  upper  crust  (0-5km)  is  based  on  multidisciplinary  modelling  of  the  geometry 
of  the  main  geological  units  and  stnictures.  The  major  tlirust  zones  and  gneissic 
units  are  well  constrained  by  mapping  and  gravimetry  field,  locally  by  re-processed 
seismic  profiles.  The  geometry  and  geochronology  of  the  ittain  iranscurrent  and 
e.xlensional  shear  zones,  granites  aitd  Carbottiferous  basins  arc  used  as  markers  of 
the  transition  from  compressioitnl  to  extcnsional  tectonics  which  starts  from  330 
Ma.  Their  relationship  with  the  mineralizing  fluids  and  ore-deposit  is  a  key  for 
understanding  the  cause  and  the  engine  of  the  hydrothermal  paleofield.  The 
discovery  in  tlic  Limousin  of  large  siniciurcs  acting  as  fluid  channels  is  a  first 
result  which  presumes  of  tlic  connection  of  deep  rooted  faults  with  sources  at  depth, 
during  the  onset  of  extcnsional  tectonics. 


3-D  MANTLE  TEMPERATURE  AND  DYNAMICS  OF  THE  FRENCH 
MASSIF  CENTRAL  FROM  INTEGRATED  INTERPRETATION  OF 
SEISMIC  TOMOGRAPHY,  MANTLE  XENOLITHS  AND  SURFACE  HEAT 
FLOW 

S.  V.  Sobolev 

(GeoForschungsZenlrum  Potsdam,  stephan@2fz-p0tsdam.de) 

Teleseismic  P-wave  delay  times,  PT  estimates  from  mantle  xenoliths  and  surface 
heat  flow  in  the  French  Massif  Central  are  jointly  interpreted  in  terms  of  3-D  mantle 
temperature  distributions.  The  effects  of  anharmonicity  and  anelasticity  on  seismic 
velocities  as  well  as  effects  of  mineral  reactions,  composition  and  partial  melt  are 
considered  in  this  interpretation. 

The  3-D  temperature  distributions  are  used  as  input  for  modeling  of  mantle 
convection  with  temperature-  and  stress-  dependant  3-D  variable  rheology.  This 
allows  to  calculate  a  mantle  contribution  to  the  dynamic  topography  and  geoid.. 

The  teleseismic  travel  time  delays,  mantle  xenolith  data,  surface  heat  flow  as  well  as 
dynamic  topography  and  geoid  in  the  Massif  Centra!  can  be  explained  by  upper 
mantle  temperature  variations  and  associated  buoyancy  forces  related  to  the 
interaction  of  the  relatively  small  mantle  plume  with  the  lithosphere.  The  plume 
probably  extends  down  to  at  least  300-400  km  and  has  excess  temperature  of  150- 
200®C..  This  model  suggests  an  uplift  of  the  thermal  lithosphere-asthenosphere 
boundary  to  a  depth  of  65-70  km  with  a  50-70  km  wide  band  of  stronger  lithospheric 
thinning  which  crosses  Cenozoic  volcanic  fields  and  strikes  parallel  to  the  direction 
of  maximal  compression  in  the  crust.  We  speculate  that  this  plume  is  originated 
from  instability  of  the  hot  mantle  materia!  pooled  in  the  mantle  transition  zone 
provoked  by  the  slab  subducted  beneath  the  Alps. 
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PRESENT-DAY  STRESS  REGIME  WITHIN  THE  INNER  WEST¬ 
ERN  ALPS 

C.  Sue  (1,2),  F.  Thouvenot  (1),  J.  Frechet  (1)  and  P.  Tricart  {*2) 

(l)LGIT  GNRS-UJF  Grenoble,  (2)LGCA,  CNRS-UJF  Grenoble. 
csuetIlgit.obs.ujf-grenoble.fr/Fax:  [+33]  4  76  82  81  01 
The  Briangotinais  seismic  arc,  located  immediately  to  the  East  of  the  Penninic  Front 
(PF)  in  the  Internal  Zones  of  the  Western  Alps,  is  the  most  active  seismic  zone  in 
the  French  Alps.  This  seismotectonic  study  integrates  precise  location  of  the  events 
within  this  zone,  provided  by  the  dense  Sismcilp  and  IGG  permanent  networks  and  the 
hyper-dense  GioFrance  3D  temporary  network.  Cross-sections  show  chat  this  upper- 
crust  seismicity  is  controlled  by  the  PF.  We  computed  about  80  reliable  focal  solutions 
^dlowing  stress  tensor  inversions.  Most  mechanisms  characterize  normal  faulting  along 
fault  planes  subparallel  to  the  PF,  while  the  others  characterize  strike-slip  motions, 
dexcral  along  the  same  direction.  This  analysis  points  out  that  the  stress  regime  East 
of  the  PF  is  globally  extensive  along  an  E-W  axis,  with  some  strike-slip  component. 
Moreover,  the  seismicity  of  this  area  follows  fairly  well  a  large  fault  system  devel¬ 
oped  between  the  Pelvoux,  Argentera  and  Viso  massifs,  as  a  last  deformation  step 
in  the  structural  history  of  the  region.  This  system  presents  meiinly  two  fault  fam¬ 
ilies.  tangential  and  radial  to  the  Alpine  2wc,  which  have  been  shown  to  work  first 
as  normal  faults  and  then  as  cranscurrent  faults.  As  a  whole,  the  seismicity  appears 
in  good  agreement  with  the  structural  analysis  of  the  late  Alpine  tectonics.  Such  an 
extension  in  the  inner  part  of  a  collision  belt  asks  for  an  adequate  geodynamic  model. 
We  propose  a  model  where  the  present-day  stress  regime  is  controlled  by  interactions 
between  the  counterclockwise  rotation  of  the  Apulia  indenter  and  the  behaviour  of 
the  European  subducted  slab. 


3D  GRAVITY  MODELLING  OF  THE  SOUTH  LIMOUSIN  :  INSIGHTS  OF 
THE  GRAVITY-GEOCHEMISTRY  ANOMALY  RELATIONSHIPS 

C.  Truffert(l),  V.  Bouchot(l),  L.Vianefond(l),  Ph.  Calcagno(i),  G.  Courrtoux(l),  M. 
Thibaui(l),  J.  Y.  Roig(2)  and  J.P.  Milesi(l)  c.iniffert@brgm.fr/tel.0238643979,  Fax 
0238643334  (1)  BRGM,  45060  OrlUans,  (2)  UniversitU  d'OrlUans. 

This  study,  set  on  within  the  frame  of  GUoFrance3D  program,  is  focussed  on  the 
gravity-geochemistry  relationship  for  metallogenic  implication  understanding.  Eight 
profiles  were  extracted  perpendicular  to  the  main  structures  from  the  Bouguer  anomaly 
map.  2.5D  gravity  modelling  have  been  performed  constrained  by  geological 
observations  and  density  measurements.  A  3D  geometric  model  based  on  these 
profiles  has  been  realised  using  an  automatic  method  (Voronoi  diagrams).  The  gravity 
contribution  of  this  model  was  computed  and  compared  to  the  observed  Bouguer 
anomaly.  All  gravity  discrepancies  between  the  calculated  and  the  observed  Bouguer 
anomaly  map  are  located  along  geochemistry  anomalies.  Metallogenic  implications  are 
discussed.  In  particular,  presence  of  dissemination  of  sulphide  in  relation  to 
geochimistry  anomalies,  appears  as  the  best  hypothesis  for  explaining  heavy  gravity 
anomaly.  Forward  gravity  modelling  allows  to  evaluate  the  depth  of  these  anomalous 
domains. 
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3D  GEOMETRIC  AND  GRAVITY  MODELING  OF  THE  CADOMIAN 
OROGENY  (ARMOR  Project) 

C.  Truffert(l),G.  Courrioux(l),  Ph.  Calcagno(l),  M.  Thibaut(l)  and  P.  Guennoc(l) 
c.truffert@brgm.fr/tel.0238643979,  Fax  0238643334  (1)  BRGM,  OrlUans. 

The  Late  Proterozoic  erogenic  structures  of  the  Cadomian  area  of  North  Brittany  (NW 
France)  have  been  recently  investigated  through  a  number  of  geophysical  operations 
and  modeling.  Based  upon  geological  observations  and  in  addition  to  magnetic 
analysis,  seismic  and  magnetotelluric  interpretation,  2.5D  gravity  models  have  been 
performed  in  order  to  constrain  the  varying  structures  between  the  different  tectonic 
units  of  the  Cadomian  orogenic  domain.  From  these  profiles,  automatic  3D  volume 
reconstruction  of  geological  objects  have  then  been  realized  using  Voronoi  diagram 
method.  Gravity  contribution  of  this  volume  has  been  computed  and  compared  to  the 
observed  Bouguer  anomaly.  When  localised  uncertainties  appear,  inversion  method 
have  been  used  on  the  close-up  view  and  solutions  were  added  for  the  automatic  3D 
volume  reconstruction.  By  trial  and  error,  the  3D  geometric  model  has  been  improved 
in  order  to  have  a  gravity  response  close  to  the  observed  anomaly.  This  approach  is 
powerfuii  to  solve  complex  structure  geometry.  Tectonic  implications  of  the  resulted 
3D  geometry  are  discussed. 


MULTISCALE  GLOBAL  3D  INVERSION  ON  GRANITIC 
PLUTONS  IN  THE  MASSIF  CENTRAL  FRANCE 

J.T,.  Vignere.sse.  M.  Cuney  and  L.  Ameglio 

CREGU,  UMR  7566  BP  23, 54501  Vandoeuvre  Cedex,  France 

also  ENS  Geologic,  54501  Vandoeuvre  jlv@cregu.cnrs-nancy.fr 

Granitic  intrusions  commonly  show  negative  gravity  anomalies  due  to 
their  lighter  density,  the  3D  gravity  inversion  of  which  reveal  their  deep 
organization.  When  realized  over  a  single  massif,  it  provides  the  place 
of  magma  feeders.  At  larger  scale,  inversion  looses  resolution  on  the 
internal  organization  of  individual  plutons,  but  shows  how  massifs  are 
imbricated.  In  the  French  Massif  Central,  most  of  the  granites  excepted 
those  of  Saint-Sylvestre  and  La  Marche,  in  the  north,  are  not  connected 
between  them  and  behave  as  independent  plutons.  They  show  no 
definite  structural  trend.  A  specific  gravity  low,  trending  EW  appears 
close  to  the  zone  of  gold  mineralization  of  Saint  Yriex.  The  anomdy  has 
been  modelled  at  various  scales  from  2  to  a  0.3  km  mesh  size.  The  bulk 
trend  of  the  negative  anomaly  suggests  that  a  light  source  body  exists  at 
depth,  which  is  not  only  a  low  in  the  gneissic  unit.  At  finer  scale,  two 
gravity  lows  suggest  two  separate  bodies,  one  trending  EW,  another  to 
the  west  with  trend  N 120.  The  fine  scale  interpretation  shows  that  only 
the  eastern  unit  corresponds  to  a  light  source  trending  EW.  It  could 
represent  a  granite,  not  very  thick  (2-5km),  below  the  mineralized  zone. 


THE  «STACK  OF  NAPPES»  IN  WESTERN  CRETE 

by  Vaios  Avdis 
IGME,  Athens  Greece, 

e-mail:dkigme@compulink.gr/fax:+30-1-7752211 

Previous  authors  described  in  the  area  around  Chania,  Crete,  a 
stack  of  three  nappes  on  the  basis  of  the  position  and  colour  of 
the  various  rock  units.  The  contact  of  these  units  can  rarely  be 
seen  in  the  field  but  where  it  can  be  seen,  it  is  transitional. 

The  previous  authors  ignored  the  existence  of  important 
structures  which  result  from  the  numerous  high-angle  faults  of 
small  dip-slip  displacement,  which  occur  in  the  area.  Erosion  of 
these  structures,  results  in  the  occurrence  of  older  rocks  in 
higher  elevations  than  the  younger  ones.  The  unsuspected 
geologist  ignores  these  structures,  and  in  order  to  justify  the 
juxtaposition  of  various  rock  types,  he  has  to  invoke  nappes  or 
large  scale  unconformities.  The  consideration  of  the 
movements  on  these  faults,  simplifies  the  structure  of  the  area 
and  it  needs  not  to  invoke  nappes  or  large  scale  unconformities. 
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WHEN,  HOW  AND  WHY  THE  SOUTH  CARPATHIANS  LOOPED 
AROUND  THE  MOESIAN  PLATFORM? 

T.  Berza  .  Geological  Institute  of  Romania.  Bucharest,  R-78344,  berza@igr.ro 

If  these  are  old  questions  for  romanian  geologists,  in  the  nineties  groups  from 
Tubingen.  Salzburg,  Amsterdam,  Basel.  Paris  and  Bucharest  tried  to  give  more 
documented  answers  using  modem  structural  analysis.  Ar-Ar  dating  and 
information  obtained  in  paleomagnetic  laboratories  of  Budapest.  Bucharest  and 
Kdin  universities. 

WHEN  is  debated  between  Late  Cretaceous  (Salzburg).  Eocene  (Basel)  and  Middle 
Miocene  to  Pliocene  (Tubingen);  70-80  Ma  K-Ar  and  Ar-Ar  ages  of  mylonites  give 
ma.ximal  values  and  15  Ma  K-Ar  age  of  the  oldest  Neogene  magmatic  rocks  clock¬ 
wise  rotated  in  the  Apuseni  Mountains  give  a  minimal  value. 

HOW  is  meaning  if  the  necessary  orogen-parallel  elongation  took  place  in  brittle 
conditions,  along  major  strike-slip  lineaments  (Tubingen),  or  in  ductile  conditions, 
in  large  shear  bells  (Salzburg.  Basel).  In  fact  both  happened.  Latest  Cretaceous  to 
Eocene  mylonites  being  cut  by  major  dextral  strike-slip  Oligocene  to  Miocene 
faults. 

WHY  is  now  generally  considered  to  be  the  effect  of  counteracting  westward- 
directed  comer  cITect  of  the  Moesian  Platform  and  estward-directed  escape  of 
clock-wise  rotating  Apuseni  Mountains,  the  easternmost  part  of  the  Pre-Apulian 
Block. 

A  major  discovery  of  the  last  years  is  the  metamorphic  core  complex  nature  of  the 
northern  and  eastern  parts  of  the  Danubian  Window,  recording  Alpine  low-grade 
metamorphism  and  outcropping  below  low-angle  normal  faults  bordering  it  with  the 
overlying  Getic-Supragetic  nappes,  which  do  not  shaw  Alpine  regional 
metamorphism. 


THE  TECTONOTYPE  OF  PALEOLATERAL  STRUCTURES  SERIES  OF 
JURASSIC-NEOCOMIAN  SIBERIA  CONVERGENT  MARGIN  (the 
Taigonos  peninsula,  NE  of  Russia) 

Bondarenko  G.Ye.,  Morozov  O.L.,  Aleksutin  M.V.,  Chamov  N.P.,  Khudoley 
A.K.,  Layer  P.*,  Lutchitskaya  M.V.,  Silantiev  S.A 

Geological  Institute  and**  Geochemistry  Institute  V.Vemadskogo  of  Russian 
Sci.  Academy,  Moscow,  Russia,* 

Fairbanks  University,  Alaska,  USA 
E-mail:  bond@ginran.msk.su 

The  Taigonos  perunsula  structures  is  the  part  of  the  large  Neocomian 
thrust-fold  belt.  Its  consist  of  suprasubduction  volcanic  belt  (SVB)  and 
paleoaccretionary  wedge  (PAW)  composite  terranes.  I.  SVB  from  N  to  S 
include:  1)  AR-PR  metamorphic  continental  basement,  divided  from  South 
by  high-strain  shear  zone  with  72.4-91.7  ma. (Ar-Ar)  metamorphism;  2)  P-J 
marine  and  K1  and  Pg  continental  volcano-sedimentary  rocks  (the  effusives 
are  mostly  suprasubduction  origin);  3)  J  marine  and  K1  continental 
volcano-terrigenous  rocks;  4)  shelf  carbonate-terrigenous  C  and 
suprasubduction  and  rifting  origin  P-J  volcanogenic  rocks,  divided  from  S  by 
granitic  plutons  belt  (103  ma.).  II.  PAW  consist  of  some  thrust-:  PZ  and  MZ 
oceanic  and  suprasubdaction  ophiolites  sheets  (the  inverse  movement 
metamorphism  is  130  ma.),  olystostromes  and  turbidites  of  fore  arc  region. 
We  shall  discuses  the  problems  of  structural  evolution,  stages  of  magmatism 
and  metamorphism  of  Taigonos  as  a  part  of  Eastern  Siberia  convergent 
margin. 


GEODVNAMIC  EVOLUTION  OF  THE  NORTHERN  TYRRHENIAN  BASIN  FROM 
^’AR/'^AR  AGES  ON  MICAS  ALONG  A  TRANSECT  FROM  CORSICA  TO 
TUSCANY. 

C.  Brunet'.  P.  Monie%  L.  Jolivet',  J.-P.  Cadet'. 

I  Departement  de  Geotectonique-URA  1759,  UPMC  (Paris  VI),  Paris,  France. 

‘  Laboratoire  de  Geochimie  et  de  Geochronologie-UMR  55-67,  UMII.  Montpellier, 
France.  (chbrunet(§lgs.jussieu.fr) 

We  have  undertaken  a  study  of  a  transect  from  the  alpine  Corsica  to  Tuscany  in 
order  to  understand  the  mechanism  of  the  spatial  transition  from  frontal  compression 
to  back  arc  extension  in  the  Northern  Tyrrhenian  Bassin.  The  structural,  petrological 
and  ^^Ar/''®Ar  data  obtained  both  in  Corsica  and  Tuscany  suggest  that 
exhumation/cooling  of  the  HP  units  was  syn-collisional  and  driven  by  gravitational 
collapse  restricted  to  the  upper  part  of  the  accretionary  wedge.  P-T-t  paths  imply 
that  a  cool  geotherm  was  maintained  during  the  whole  exhumation  process.  The 
present  HT-LP  gradient  occured  later,  around  15  Ma  in  Corsica,  and  migrated 
eastemwards  with  the  opening  of  the  Tyrrhenian  Sea.  The  migration  process  is 
partly  a  consequence  of  the  rollback  of  the  subducting  slab,  true  for  oceanic 
subduction  as  well  as  for  continental  subduction.  Gravitational  collapse  decreases 
with  time  because  of  the  reduction  of  crustal  thickness.  As  for  the  post-collisional 
extension,  it  can  be  due  to  the  rollback  that  increases  with  the  length  of  the  slab. 


SYN-COLLISIONAL  EXHUMATION  OF  HP-LT  ROCKS 
IN  THE  CALABRIA-LUCANIA  BORDERLAND  AREA 
(SOUTHERN  ITALY) 

G.  Cello  (11  and  S.  Myzoli  (It 

(1)  Dipartimento  di  Scienze  della  Terra,  University  di  Camerino,  Italy 
smazzoli@camserv.umcam.it 

In  the  Italian  regions  of  northern  Calabria  and  southern  Lucania, 
blueschist-facies  rocks  of  oceanic  derivation  are  tectonically  interposed 
between  greenschist-facies  to  non-metamorphic  carbonates  of  passive 
margin  origin  (below)  and  crystalline  basement  nappes  of  continental 
crust  derivation  representing  remnants  of  the  overriding  plate. 
Structural,  petrological  and  radiometric  data  from  northern  Calabria 
and  southern  Lucania  allowed  us  to  unravel  a  complex  deformation 
history  associated  with  the  subduction,  collisional,  and  post-collisional 
evolution  of  two  suture  zones  of  different  age.  The  structural  evolution 
of  the  collisional  stacking  wedges  is  mainly  recorded  by  the 
development  of  tectonic  pressure-break  contacts  of  both  “normal-”  and 
“reverse-sense”  types,  the  former  showing  relatively  low-pressure 
rocks  overlying  high-pressure  ones,  and  the  latter  displaying  an 
opposite  relationship.  Our  results  suggest  that  exhumation  of  relatively 
HP-LT  rocks  occurred  within  the  collisional  belt  as  a  result  of  both 
uplift  and  erosion  associated  with  crustal-scale  thrusting,  and  of  syn- 
collisional  extension  driven  by  large-scale  duplexing  at  depth. 


tmiwsl  HT  quartz  c-axit  fabric  developed  la  the  quartx-mylonUei  of  the  Uptaho 
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Tbe  Etpiflho-Aibcrgaria  sccior  (Oua-Mbrei).')  Zone,  Ibcritui  Variscan  Bell,  NW 
Portugal)  it  a  part  of  a  narrow  strip.  NW-SE.  of  a  protcrowic  metamotphic  bell  located 
alongside  ibe  major  shear  zone  Pono-Albergaria-Tomar 

Microstructural  studies  were  carried  out  on  ihe  quaitx-mytoniic  of  the  Espinho 
Formation  (gamet-stauroiite  micaschist  and  garnet  quartzite).  Tlie  quanz-myloniie  is 
located  near  the  Lourosa  ovenhrust  Vtriican  fold  phase)  and  conuint  S-type  and 
L-S  type  mylonites  developed  under  KT  metamorphic  conditions.  Tliese  rocks  present 
a  penetrative  mytoniiic  foliation  and  well-developed  stretching  lineailon  with 
kioentatics  criteria  deduced  from  the  geometry  of  polyciysutline  qiLtru  aggregated,  o 
type  porphvroclasis,  S-C  planes  and  e.vtensiomtJ  crenulailon  cleav.vge.  These  criteria 
iaidicfiiing  a  top  towards  KNW  Mnse  of  shear  movement  during  the  early  Variscun  fold 
phases 

ll  is  the  dm  time  in  noivmtgmatized  meiascdimemary  rucks  nnnirally  deformed 
that  quartz  c-axis  ftbrics  show  clear  evidences  of  HT  conditions  during  their 
development  Theses  evidences  »rc  t)  a  dominant  c-axis  ma.\iinum  close  of  the  X 
direction,  that  suggest  intracty  stalinc  plasticit)  by  the  activation  of  the  prismatic  slip 
planes  over  the  c  direction,  it)  the  occurrence  of  elongate  shaped  garnets  pluUe 
Strained  parallel  to  the  xtretJuiig  lineatien. 

Metamorphic  mineral  assemblage,  with  white  mica-»siaiirQliie-^garner±.vitiijnanite 
allow-  to  define  the  amphiholiie  facies  of  high  lemperiiture  zone  (around  COO*  C)  during 
the  myloniticaiion  On  relation  with  lids  process,  noii-eonxlal  defonn.ition  with 
atonocliidc  symmenty  fabrics  arc  found  and  wt  also  noted  the  occurrence  of  rhombic 
and  prismatic  slip  system  over  <a>  direction  that  together  wiili  niltior  c-axis  circle 
maximum,  with  an  mnd-opened  average  angle  of  45*.  allow  the  reconstniction  of 
tketeial  type  I  cnK«.<cd  girdles. 

The  regional  implications  coining  out  hom  Uiese  restilt.s  will  be  discussed  in  the 
context  of  the  EspinhO'Albergana  mciniuorphic  belt. 


H,  I.  Chainind  has  a  schol.irship  of  PRAXIS  XXI/F  C.T.  (BD.2633-9)-RN) 


NON-EXTENSIONAL  PALEOZOIC  HIGH-P  ROCK  EXHUMATION 
IN  THE  SOUTHERN  URALS 

H.  P.  Echtler  and  R.  Heizel 

GeoForschungsZenirum  Potsdam.Telegrafenbcrg.  D-14473  Potsdam,  Germany; 
hclle@gfz-poisdam.de/Fax +49  331  288  1314 

The  Southern  Urals,  the  only  Paleozoic  orogen  that  preserved  its  collisional 
architecture  and  lacks  laie-orogenic  extension,  present  an  orogenic  wedge  thrust 
westward  upon  the  subducted,  former  East  European  continental  margin.  The  N-S 
trending  aniiformal  stack  exhibits  major  tectonic  contacts  with  discontinously 
decreasing  metamorphic  conditions  from  bottom  to  top.  The  Maksyutov  high-P 
complex  in  the  core  is  composed  of  two  teclono-metamorphic  units,  with  well- 
preserved  blueschisis  and  eclogiies  in  the  lower  Unit  (min.  P  12  kbar  and  peak  T 
“550  ®C)  and  the  overlying  Unit  with  lawsonite-bearing  assemblages  (min.  P<  8 
kbar  and  T  <  450  °C).  Both  units  exhibit  a  composite  foliation  S I  affected  by  NW- 
vergent  F2  folds  trending  obliquely  NE-SW.  They  record  progressive  NW-dirccted 
shearing  under  prograde  metamorphic  conditions  during  eastward  subduction  and 
oblique  NW-SE  plate  convergence  at  -375  Ma.  The  units  were  then  tectonically 
juxtaposed  by  a  ductile,  top-to-the-NE  extensional  shear  zone  with  a  retrograde 
grecnschist  facies  overprint.  Subsequent  exhumation  was  accomodated  by  the  Main 
Uralian  nirusi  at  the  base  of  the  wedge.  The  E-dipping  Main  Uralian  Normal  Fault 
cross-cuts  the  metamorphic  footwall  and  developed  during  subduction  compensating 
crustal  thickening  and  the  exhumation  of  high-P  rocks.  Geologic  investigations  and 
reflection  seismics  (URSEIS’  95)  emphasize  an  evolution  integrating  subduction  and 
basal  accretion  of  high-P  rocks  during  sinistral  oblique  thrusting  along  the  Main 
Uralian  Thrust  and  coeval  normal-faulting  along  the  Main  Uralian  Normal  Fault. 
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GEODYNAMIC  MODELS  OF  CRUSTAL-SCALE  EPISODIC 
TECTONIC  ACCRETION  IN  SUBDUCTION  ZONES 

S.  Ellis  (I  )■  A.  Ptlffncr  (I )  and  C.  Beaumont  (2) 

( I )  Geol.  Institut.  Universitai  Bern,  (2)  Dept.  Oceanography.  Dalhousie  University 
susan  @nipi.unibe.ch/Fax:  +4 1  -3  i  *63 1  -4843 

At  large  (crustal)  scales,  accretion  of  material  at  convergent  margins  may  occur 
either  as  a  continuous,  quasi-steady-state  process,  or  episodically  by  incorporation 
of  large  blocks  of  incoming  material.  We  investigate  the  dynamics  of  crustal-scale 
episodic  accretion  at  convergent  margins  using  a  Unitc-element  model  of  subduc- 
tion  that  incorporates  effects  from  flexure,  subduction  loading,  density  contrasts, 
material  heterogeneities  and  layerings.  The  model  is  used  to  assess  the  influence 
of  these  parameters  on  the  discrete  transferral  of  units  from  the  lower  to  the  upper 
plate  during  subduction.  Primary  controls  are  spatial  variations  in  buoyancy  and 
material  strength  (for  example,  caused  by  a  changing  thermal  structure  of 
subducting  lithosphere  and/or  attempted  subduction  of  small  crustal  blocks): 
interaction  between  well-attached  basement  blix:ks  and  overlying,  detachable 
sediments:  and  spatial  changes  in  depth  of  material  layerings.  We  show  that  the 
accretion  of  small  continental  tcrrancs  to  a  subduction  zone  can  cause 
crustal-scale  fold  nappes  and  thrusts  to  develop,  with  accompanying  tectonic  un¬ 
derplating  (in  the  case  where  lateral  continuity  of  oceanic  sediments  is 
maintained)  and/or  frontal  accretion  (where  sediment  continuity  is  disrupted). 
The  model  results  may  aid  interpretation  of  real  examples  of  episodic  accretion, 
for  example  the  emplacement  of  the  Pcnninic  nappe  slack  during  the  subduction 
pha.se  of  the  Central  Alps. 


MOUNTAIN  BUILDING  AND  THE  ROLE  OF  PHASE  TRANSI¬ 
TIONS 

C.  Giunch!  (1,2),  Y.  Ricard  (1),  P.  Allemand  (1)  and  S.  Guillot  (3) 

(1)  ENS  Lyon,  69007  Lyon,  France,  (2)  Dip.  di  Scienze  della  Terra,  Sezione 
Geofisica,  20129  Milano,  Italy,  (3)  Laboratoire  de  Sciences  de  la  Terre,  CNRS 
umr  5570,  Villeurbanne,  France. 
cgiunchiOens-lyon.fr/Fax:  [39]  2  7490588 

A  simple,  univariant  phase  transition  for  minerals  at  lower  crustal  scale  is  stud¬ 
ied.  The  phase  transition  is  modelled  including:  i)  the  chemical  potential;  ii)  a 
kinetic  term  describing  the  thermally  activated  diffusion  of  grains;  in)  a  sim- 
pliOed  effect  of  the  nucleation  process,  according  to  which  the  evolution  of  the 
phase  follows  an  approximated  the  Avrami’s  rate  equation.  Different  activa¬ 
tion  energies  for  the  prograde  and  retrograde  reactions  allow  us  to  study  the 
process  of  formation  and  preservation  of  high  pressure  phases.  The  phase  tran¬ 
sition  model  may  be  coupled  with  thermal  and  thermo-mechanical  models  that 
represent  typical  processes  in  collisional  environment.  The  phase  transition  to  a 
denser  phase  may  occur  when  the  displacement  of  cold  material  at  depth  is  fast 
enough  to  preserve  its  thermal  anomaly.  Afterwards,  the  re-heating  associated 
to  the  thermal  equilibration  favours  the  retrograde  reaction.  Our  results  suggest 
that  phase  transitions  may  play  a  major  role  in  the  evolution  of  topography, 
thermal  profile  and  mineralogy. 


CRETACEOUS  SYN-METAMORPHIC  DEFORMATION  OF  THE 
SERBOMACEDONtAN  METAMORPHIC  PROVINCE  (N.  GREECE) 


NEOGENE  DENUDATION  OF  THE  MENDERES  MASSIF, 
TURKEY 


G.  Falalakis  (1),  A.  Kilias  (1)  and  D.  Mountrakis  (1) 

(1)  Department  of  Geology  and  Physical  Geography,  School  of  Geology, 
Aristotle  University  of  Thessaloniki,  54006  Thessaloniki,  Greece,  Fax;  ++30 
31  998482,  e-mail:  Kiliasigigeo. auth.gr 

Detailed  study  of  the  predominant  Osrs  ductile  deformation  of  the 
Serbomacedonian  (SRB)  metamorphic  rocks  in  northeastern  Greece,  based 
on  field  and  micro  observations,  kinematic  and  strain  analysis  as  well  as 
thermobarometiic  estimates,  give  new  evidence  about  the 
tectonometamorphic  history  of  the  SRB  mass  and  its  significance  in  the 
structural  evolution  of  the  southern  Balkan  peninsula.  Correlation  between 
published  geochronological  data  and  Dsrb  deformation  allows  us  to  date  the 
Dsrs  event  as  a  Cretaceous  age,  ductile  event.  A  main  top-to  ENE  to  ESE 
ductile  flow  and  a  locally  subordinate  component  of  WSW  to  WNW 
antithetic  sense  of  movement  characterize  the  Dsrs  event.  Strain  pattern 
analysis  showed  in  general  a  flattening  type  of  the  finite  strain  ellipsoid  with 
an  important  pure  shear  value.  The  positions  of  all  possible  equilibria 
implied  by  the  critical  syn-OsRs  mineral  paragenesis  in  metapetitic  as  well  as 
in  amphibolitic  rocks  are  also  computed  in  P-T-X(C02)  activity  space  by  the 
TWO  program.  The  estimated  values  of  the  metamorphic  P-T  conditions 
range  from  5  to  9  kbar  for  the  pressure  and  440  to  550*C  for  the 
temperature.  Dsrb  is  associated  with  subhorizontal  crustal  stretching  and 
unroofing  of  the  SRB  mass,  it  took  place  behind  the  Balkan  thrust  belt  at  the 
northern  Rhodope  boarder,  during  the  Cretaceous  continent  to  continent 
collision  between  the  Rhodope  (SRB  included)  and  Moesian  fragments. 


Christopher  Johnson*.  Uwe  Ringf,  Ralf  HetzelJ 
•Dept,  of  Geology,  Imperial  College,  London,  UK 
flnstitut  fur  Geowissenschaften,  Universiat  Mainz,  Germany 
^Geo  Forschungs  Zenmim  Potsdam,  Germany 


Many  Tertiary  Alpine  erogenic  belts  in  the  Mediterranean  region  have  undergone 
rapid  denudation  of  rocks  from  the  mid  and  lower  crust  to  the  surface,  often  in 
association  with  normal  faulting  at  a  late  stage  in  their  evolution.  To  understand  this 
phenomena  in  the  Menderes  Massif  of  SW  Turkey  we  aim  to  combine  fission  track 
analysis  with  structural  studies  to  obtain  quantitative  estimates  of  cooling, 
denudation,  and  strain  rates  so  as  to  discriminate  between  erosional  and  extensional 
denudation,  quantify  their  respective  contribution  to  the  orogenic  unroofmg  history 
and  place  time  constraints  on  their  action.  Preliminary  results  from  the  apatite 
fission  track  study  has  revealed  that  this  elongate  culmination  of  metamorphic  rocks 
experienced  a  regionally  varied  cooling  history  during  the  Neogene,  which  by 
inference  indicates  a  complex  denudation  history.  Rapid  cooling  from  temperatures 
>120®C  to  <60®C  during  the  Aquatanian  (‘'22±  1  Ma),  particularly  in  the  Cine 
submassif  but  possibly  throughout  the  Menderes,  was  followed  by  variable  rate 
cooling  over  the  same  temperature  interval  in  other  sections  of  the  massif 
throughout  the  Miocene  with  final  cooling  in  the  northern  Odemis  submassif  during 
the  Pliocene.  An  initial  interpretation  of  the  results  suggests  that  the  early  cooling 
was  related  to  tectonic  denudation  and  was  followed  by  variable  erosive  denudation, 
controlled  in  part  by  the  development  of  the  east-west  trending  grabens  that  now 
bisect  the  massif. 


THE  EARLY-ALPINE  TECTONOMETAMORPHIC  HISTORY  OF 
THE  MENDERES  MASSIF,  SW  TURKEY:  IMPLICATIONS  FOR 
THE  EVOLUTION  OF  THE  EASTERN  MEDITERRANEAN 

K.  Gessner,  W.  Lackmann,  U.  Ring  and  C.W.  Passchier 
Institut  fiir  Geowissenschaften,  Universitat  Mainz,  Germany 

The  Menders  Massif  of  southwestern  Turkey  is  commonly  viewed  as  the  eastern 
continuation  of  the  Altic-Cycladic  Massif  in  the  Aegean  Sea.  However,  in  contrast 
to  the  southward  propagation  of  orogenesis  in  the  Allic-Cyladic  Massif  with  its 
Variscan  basement,  the  structure  of  the  Menderes  Massif  consists  of  a  north-vergent 
nappe  stack  comprising  a  Pan-African  basement  sandwiched  between  a  lower  and  an 
upper  sedimentary  unit.  The  lower  sedimentary  unit  can  be  correlated  with  the  Cycla- 
dic  blueschist  unit;  however,  most  of  the  lower  sedimentary  unit  in  the  Menderes 
Massif  lacks  a  high-pressure  overprint  and  its  Variscan  basement  is  not  exposed. 
Sedimentation  in  the  upper  sedimentary  unit  probably  commenced  in  the  Late  Paleo¬ 
zoic  and  lasted  until  the  Cretaceous  whereas  deposition  in  the  upper  sedimentary  unit 
commenced  already  in  the  Precambrian  and  also  lasted  at  least  until  the  Cretaceous. 
Structural  and  metamorphic  work  reveals  an  early  deformational  event  associated 
with  top-N  thrusting  during  prograde  amphibolite-facies  meiamorphism  that  caused 
stacking  within  the  basement  unit.  Subsequentely,  the  basement  was  thrust  onto  the 
greenschist-facies  lower  sedimentary  unit.  Alpine  thrusting  in  the  Menderes  Massif 
depicts  a  conspicuous  progression  in  space  and  time  from  south  to  north.  Our  work 
indicates  that  the  architecture  and  the  northward  progradation  of  orogenesis  in  the 
Menderes  Massif  is  different  to  the  structure  and  the  tectonic  evolution  of  the  Attic- 
Cycladic  Massif.  To  account  for  this  discrepancy,  we  propose  that  a  N-trending  dis¬ 
location  zone  separated  both  massifs  at  least  periodically  during  the  Alpine  orogeny. 


HIGH  PRESSURE  METAMORPHISM  IN  THE  AEGEAN  REGION: 
WHEN  DID  IT  HAPPEN  AND  WHAT  HAPPENED  NEXT  ? 

Andor  L.W.  Lips  (I,  2),  Stan  H.  White  (1)  and  Jan  R.  Wijbrans  (2) 

(1)  Geodynamics  Research  Institute,  University  of  Utrecht,  the  Netherlands 

(2)  Vrije  Universiteit  Amsterdam,  the  Netherlands 
alips(^carth.ruu.nl,  fax:  +31  30  2537725 

Amongst  the  lithologies,  which  are  currently  exposed  in  the  Aegean  region, 
metamorphic  rock  sequences  occur,  which  are  known  to  have  been  exposed  to  PT 
conditions  which  indicate  metamorphism  at  middle  to  lower  crustal  levels. 
Investigation  of  the  metamorphic  sequences  covering  different  parts  of  the  Alpine 
pressure-temperature  spectrum  in  domains  around  the  Aegean  Sea,  allows  to 
establish  local  tectonic  histories,  which,  after  comparison  of  the  timing  and 
kinematics  between  the  different  domains,  are  used  to  differentiate  into  local  and 
regional  tectonic  events  and  their  characteristics.  Ultimately  the  exact  timing  of  the 
main  regional  tectonic  episodes  in  the  Aegean  region  will  serve  to  quantify  tectonic 
models  of  the  circum  Aegean  region  and/or  the  Mediterranean  as  a  whole. 

Ductile  deformational  structures  which  formed  in  the  metamorphic  sequences  during 
the  Alpine  and  post-Alpine  tectonic  events  have  been  localized  in  the  field  and  their 
kinematic  characteristics  have  been  investigated  by  applying  integrated  structural  and 
metamorphic  investigations  and  ^ArP'^Ar  laserprobe  age  dating  experiments. 

By  this  approach  we  have  been  able  to  obtain  a  continuous  record  of  Alpine  tectonic 
events  in  the  Aegean  region,  which  concerns  the  whole  timespan,  starting  from  the 
onset  of  high  pressure  metamorphism  in  the  Cretaceous,  until  the  episodes  of  ductile 
deformation,  related  to  the  exhumation  of  the  metamorphic  domains,  which  are  now 
documented  until  as  recently  as  ca  7  Ma  ago. 
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NAPPE  STACKING  AND  EXHUMATION  OF  HIGH-PRESSURE  ROCKS 
DURING  CONTINENT  COLLISION:  A  VARISCAN  SCENARIO  FROM 
THE  WESTERN  ERZGEBIRGE 

Matthias  Neea  (1),  J6m  H.  Knihl  (2),  Ottomar  Krentz  &  Dietmar  Leonhardt  (3) 

(1)  Geol.-Pal3ont.Inst.,  Univ.  D-60054  Frankfurt,  (2)  Inst.Angew.Geol.  u.Min.,  TU 
Miinchen,  D-85747  Garching,  (3)  SSchs.LA  f.Umwelt  u.Geol.,  D-09599  Freiberg 
nega@em.uni-fiankfurt.de;  kruhl@mineral.min.chemie.tu-muenchen.de 

The  history  of  the  western  Erzgebirge  (central  European  Variscides)  appears  to  be 
part  of  a  larger-scale  late-Variscan  continent-collision  scenario.  The  deformation 
structures  reflect  a  two-phase  kinematic  history  with  an  intensive  subhorizontal 
compression  and  a  subsequent  relatively  weak  subhorizontal  extension.  The 
continental  crust  of  an  upper  plate  was  thrust  from  ESE  to  WNW  over  the 
continental  crust  of  a  suMucting  plate.  During  the  early  stage  of  collision  large  and 
thin  crustal  slices  were  detached  from  different  positions  of  the  plates  and  brought 
to  partly  different  depths.  Subsequently  these  slices  were  back-thrust  by  the 
advancing  plate  and  imbricated  with  other  nearly  exhumed  slices.  This  led  locally 
to  an  inversion  of  the  older  (and  higher)  metamorphism.  Simultaneously,  only  the 
upper  parts  of  the  doubled  continental  crust  were  thinned  by  predominantly 
horizontal  extension.  Most  probably,  the  boundary  between  the  upper  and  the  lower 
plate  is  represented  by  a  lithologically  variable  zone  which  contains  lenses  of 
eclogites,  high-pressure  granulites  and  lower-metamorphic  metapelites  with  relics 
of  sedimentary  structures. 


THERMAL-MECHANICAL  MODELS  OF  EVOLUTION  OF  LAYERED 
LITHOSPHERE  IN  COLLISIONAL  BELTS 

O.I.  Parphenuk  (United  Institute  of  Physics  of  the  Earth  RAS,  10  B. Gruzinskaya. 
Moscow,  123  810,  Russia) 


Thermal-mechanical  model  of  continental  collision  including  lower  crustal  flow  is 
developed  and  applied  to  the  modelling  of  the  formation  of  Lapland-Kola  collisional 
belt  (northern  Baltic  Shield)  and  the  Kapuskasing  structural  zone  (the  Superior 
Province  Canadian  Shield).  The  temperature,  velocity  and  stress  distribution  are 
calculated  based  on  2-D  model  of  collision  simulated  by  shortening  event  which  led  to 
overthrusting  in  the  brittle  upper  crust  and  the  formation  of  the  thickened  lower  crust 
by  ductile  deformation.  Finite-element  2-D  modelling  was  used  to  examine  the 
conditions  under  which  ductile  flow  of  the  rheologically  layered  lower  crust  and  upper 
mantle  can  produce  the  structure  with  crustal  roots  and  surface  uplift  as  a  result  of 
shortening,  loading  and  erosion.  The  numerical  calculations  show  that  viscous  flow  at 
the  depth  of  the  lower  crust  and  upthrusting  of  the  brittle  upper  crust  can  be  feasible 
mechanism,  leading  to  the  structural  formation  with  crustal  roots.  The  amount  of 
crustal  thickening  and  the  tectonic  stresses  required  to  sustain  shortening  and 
overthrusting  constrain  the  range  of  viscosity  values  for  the  lower  crust  and  upper 
mantle.  The  deformation  histories  of  the  investigated  regions  that  were  shortened 
during  the  compression  show  some  differences. 


THE  EVOLUTION  OF  THE  ADULA  NAPPE  (SWITZERLAND): 
NEW  DATA  AND  THE  CONSEQUENCES  FOR  THE  EVOLUTION 
OF  THE  PENNINIC  NAPPE  EDIFICE 

Julius  H.  Partzsch  (1),  Martin  Frey  (2)  &  Stefan  M.  Schmid  (3) 

(1)  Institute  of  Geosciences,  University  of  Potsdam,  Germany,  (2)  MPI,  University 
of  Basel,  Switzerland,  (3)  GPI,  University  of  Basel,  Switzerland 
julius@geo.uni-potsdam.de 

The  Adula  nappe,  part  of  the  Penninic  nappe  pile,  consists  of  an  upper  unit 
characterized  by  relics  of  a  HP-event,  and  a  lower  unit  free  of  HP-relics.  The  upper 
unit  formed  an  extensional  allochthon  located  south  of  the  southern  margin  of 
Europe,  whereas  the  lower  unit  belonged  to  an  internal  part  of  the  same  continent. 
The  closing  of  the  Valais  trough  resulted  in  subduction  of  the  extensional  allochthon 
under  increasing  PT  conditions  (Dl).  Subduction  culminated  under  eclogite  facies 
conditions  (600  ®C,  2.5  GPa)  during  a  second  deformation  phase  (D2).  Exhumation 
from  about  80  km  to  40-30  km  followed  immediately,  leading  to  amphibolite  facies 
conditions  (640  °C,  0.7  GPa)  and  the  development  of  the  predominant  fabrics 
observed  today  (D3).  Exhumation  is  related  to  extensional  movements  and  extrusion 
due  to  compression  in  the  higher  and  deeper  levels  of  the  forming  orogen, 
respectively.  Contemporaneously  to  the  exhumation  of  the  upper  unit,  the  lower 
unit  experienced  a  prograde  metamorphic  evolution  caused  by  ongoing  compression 
culminating  under  amphibolite  facies  conditions  (670  ®C,  0.8  GPa)  during  D2. 
Underthrusting  of  the  lower  underneath  the  exhumed  upper  unit  is  related  to 
shortening  under  low-grade  conditions  within  the  growing  orogen. 


NON-LITHOSTATIC  PRESSURE  DURING  CONTINENTAL 

SHORTENING 

K.  Petrini  and  Yuri  Podladchikov 

Institute  of  Geology,  ETH  Zurich.  Switzerland. 

This  study  investigated  whether,  in  a  compressive  tectonic  setting,  the  pres¬ 
sure  recorded  by  rocks  could  significantly  exceed  the  lithostatic  pressure.  While 
most  of  the  previous  works  on  overpressure  focused  on  micro-  to  macroscopic 
scale  variations  in  pressure  that  can  be  ascribed  to  heterogeneities,  this  study 
focused  on  variations  on  a  larger  scale  achieved  by  the  response  of  a  homoge¬ 
neously  layered  lithosphere  to  applied  stresses.  A  2D  finite  element  code  cou¬ 
pling  mechanical  and  thermal  calculations  was  used.  The  rheology  assumed  was 
Mohr-Coulomb  plasticity  or  thermally  activated  power-law  creep,  depending  on 
whether  a  yield  strength  criterion  was  fulfilled.  The  results  indicated  that  in 
the  regions  deforming  plastically  (upper  crust  and  uppermost  mantle)  the  pres¬ 
sure  reached  values  equivalent  to  twice  the  lithostatic  pressure.  In  the  viscously 
relaxed  layers  (lower  crust  and  lower  upper-mantle)  no  further  increase  with 
respect  to  a  lithostatic  gradient  was  attained  but  pressures  significantly  ex¬ 
ceeding  lithostatic  values  were  maintained.  In  these  layers  features  observed  in 
high-pressure  terrains,  such  as  inverted  pressure  gradients  and  extremely  high- 
pressure  gradients  (2kbar/km)  were  achieved.  High  pressure  gradients,  such 
as  those  described,  have  several  implications:  1)  exhumation  of  high-pressure 
rocks  would  be  simplified.  2)  high  p/T  ratios  can  be  achieved  in  continental 
collision  settings.  3)  the  fact  that  rocks  could  experience  increase  in  pressure 
without  being  buried  decouples  metamorphism  from  continental  thickening, 


PROTEROZOIC  CRUSTAL  KINEMATICS  AND  EXHUMATION  OF 
DEEP-CRUSTAL  ROCKS  IN  THE  SOUTHERN  SUPERIOR  PROVINCE 

Ulrich  Riller 

Institut  fur  Geowissenschaften,  UniversitSi  Giessen,  35390  Giessen,  Germany 
ulrich.riller@geo.uni-giessen.de 

Structural  analysis,  regional  tectonometamorphic  correlation  and  a  crude 
paiinspastic  reconstruction  suggest  that  Paleoprolerozoic  intracontinental 
deformation  in  the  Archean  Superior  Province  was  strongly  controlled  by 
tectonism  at  its  southern  margin,  i.e.  the  Penokean  Orogen.  Structures  In  the  Lake 
Huron  portion  of  the  orogen  formed  by  dextral  transpression  during  the  Blczardian 
(2.4  -  2.2  Ga)  and  the  Penokean  (1.9  •  1.8  Ga)  tectonic  pulses.  Deformation 
occurred  under  medium-grade  metamorphic  conditions  and  was  accompanied  by 
local  granitoid  magmaiism.  Horizontal  strike  shear  was  most  likely  imposed  by 
margin-parallel  translation  of  Proterozoic  magmatic  arc  terranes  which  eventually 
collided  with  the  Superior  Province  in  the  Lake  Superior  area  between  1.89  and 
1.83  Ga.  In  this  area,  collision  led  to  crustal  thickening,  widespread  magmatism, 
deformation  under  high-grade  metamorphic  conditions  and  “rigid-body” 
indentation  of  the  Superior  Province,  Indentation  provides  a  plausible  explanation 
for  (1)  distortion  of  the  radial  Matachewan  dike  swarm  in  the  southern  Superior 
Province,  (2)  lateral  eastward  extrusion  of  Archcan  crust  and  (3)  localized 
exhumation  of  decp-crustaJ  rocks  by  thrusting  in  the  Kapuskasing  structural  zone 
which  constrained  eastward  extruding  Archean  rocks. 


DID  EROSION  MAINLY  EXHUME  THE  AEGEAN  BLUESCHISTS? 
Uwe  Ring 

Institut  fur  Geowissenschaften,  Universlat  Mainz,  Germany 

I  quantify,  to  a  first  order,  the  amounts  which  horizontal  extension,  vertical  ductile 
thinning  and  erosion  contributed  to  the  -45  km  of  exhumation  of  the  blueschisls 
exposed  on  Samos  Island,  Greece,  and  Dilek  Peninsula,  Turkey.  Exhumation  of  the 
Aegean  blueschisls  is  commonly  thought  to  be  chiefly  due  to  horizontal  extension. 
The  onset  of  extension,  however,  postdates  the  Eocene  peak  of  high-pressure 
meiamorphism  considerably  and  commenced  when  the  rocks  had  made  about  two 
thirds  of  their  way  back  to  the  Earth's  surface.  Eocene  to  Oligocene  crustal 
shortening  caused  thrusting  of  the  blueschisls  onto  a  low-grade  foreland  unit.  At  the 
same  lime,  the  presumable  cover  of  the  blueschisls  was  also  considerably  shortened, 
indicating  that  exhumation  of  the  blueschisls  at  this  stage  was  not  aided  by 
horizontal  extension  at  any  crustal  level.  I  estimate,  assuming  steady-state  flow,  a 
proportional  strain-rate  law  and  isochoric  deformation,  that  vertical  ductile  thinning 
associated  with  a  subhorizonta!  foliation  contributed  -9-10  km  of  exhumation  of  the 
blueschisls  during  thrusting.  The  remaining  -20  km  must  have  been  achieved  by 
erosion  at  an  inferred  average  rale  of  <0.6  mm/a.  Horizontal  extension  in  the  study 
area  started  in  the  Middle  Miocene  and  continued  intermittently  until  the  present. 
The  Vhrow  on  extensional  faults  during  this  phase  accounts  for  -6-8  km  of 
blueschist  exhumation.  Ductile  thinning  contributed  another  -3-4  km.  Present-day 
erosion  rates  are  on  the  order  of  0.2  mm/a,  but  have  probably  been  higher  at  the 
onset  of  crustal  extension.  Extrapolating  this  rate  back  into  the  Middle  Miocene 
yields  a  minimum  of  3  km  of  erosional  exhumation  since  then.  The  results  suggest 
that  erosion  was  the  major  agent  of  exhumation  of  the  studied  blueschisls. 
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THE  LIFE  CYCLE  OF  THE  EAST  CARPATHIAN  OROGENIC  WEDGE 
C.A  F,.  Sanders 

Institute  of  Earth  Sciences,  Vrije  Universiteit  Amsterdam  (The  Netherlands) 
sanc@geo.vu.nI 

The  East  Carpathian  fold-and-thrust  belt  in  Romania  is  studied  by  an  integrated 
approach  based  on  theoretical  orogenic  wedge  models,  structural  and  morphological 
field  studies  and  an  extensive  fission  track  analysis.  As  a  result  the  orogen  can  be 
divided  in  a  three  step  evolution  which  is  associated  with  major  changes  in  the 
regional  geology  and  geomorphology-  In  first  instance  (from  21-15  Ma)  thrusts  are 
stacked  in  a  wedge  that  remains  below  sealevel.  FT  analyses  record  no  erosion  during 
this  period.  A  second  period  follows  from  15-10  Ma  which  is  characterised  by 
dramatic  changes.  Erosion  rates  rapidly  accelerate  from  practically  0  to  0.5  mm/yr 
indicating  that  the  wedge  emerged  above  sealevel.  It  coincides  with  a  climax  in 
deformation  and  rapid  subsidence  of  foreland  molasse  basins  which  are  filled  with 
elastics  shed  from  the  orogen.  The  changes  are  attributed  to  the  arrival  of  the 
European  continental  margin  in  the  subduction  zone  which  causes  a  reorganisation  of 
the  deforming  wedge.  A  period  of  steady  state  follows  from  10-5  Ma  until  plate 
convergence  ceases.  A  total  of  4  km  of  material  has  been  eroded  thus  far.  A 
calculated  mass  balance  suggest  that  the  orogen  is  in  a  destructive  phase  during  the 
Pliocene,  marking  the  third  evolutionary  stage  of  the  orogen.  The  region  is  uplifted 
due  to  erosion  (1.5  km)  and  isostatic  response.  A  three  dimensional  isostatic  and 
flexural  numerical  simulation  of  the  Romanian  Carpathian  region  confirms  the  three 
step  evolution  of  the  Carpathian  orogen  both  in  a  qualitative  and  a  quantitative  way 
and  is  consistent  with  the  erosion  estimates  based  on  fission  track  analysis. 


THE  REFRACTION  SEISMIC  EXPERIMENT  GRANU95  -  RESULTS  AND 
CORRELATIONS  WITH  REFLECTION  PROFILINGS 

K.  Schuster  S.  Spindler  U.  Enderle  G.  Oettinger  A.  Schulze 
C.  Prodehl  and  DEKORP  Research  Group 

*^GeoForschungsZentrum  Potsdam  (GFZ),  Telegrafenberg  A17,  D-14473  Potsdam 
^^Universitat  Karlsruhe,  Geophysikalisches  Inst.,  Henzstr.  16,  D-76187  Karlsruhe 
e-mail:  kschusi@gfZ'poisdam.de 

The  refraction  seismic  experiment  GRANU95  was  carried  out  in  the  Saxothuringian 
belt  which  is  situated  on  the  N-flank  of  the  Variscan  orogenic  collage.  The  cross- 
point  of  two  perpendicular  profiles  was  centered  at  the  exposed  Saxonian  Granulite 
Massif  (SE-Germany),  a  major  exposure  of  lower  crustal  material.  By  using  ray¬ 
tracing  technique  for  the  wide-angle  P-wave  seismic  data  and  FD  first  anival 
modelling  for  the  Pg-  and  Ps-phases  the  interpretation  led  to  a  four  layer  model. 
Main  features  of  the  model  are  high  velocities  (6. 3-6. 6  km/s)  at  shallow  depth  (2-4 
km)  and  velocities  of  7  km/s,  defining  a  prominent  high  velocity  layer  in  the  lower 
crust  (22-24  km).  The  crust-mantle  boundary,  without  any  remarkable  undulation, 
lies  at  about  30-31  km.  The  shallow  high  velocities  with  strong  lateral  variations 
correlate  well  in  depth  with  highly  reflective  zones  which  were  observed  on  several 
seismic  reflection  lines  at  their  intersection  with  and  in  the  surrounding  of  both 
seismic  refraction  lines.  First  results  from  S-wave  modelling  will  be  presented  as 
well. 


TECTONIC  JUXTAPOSITION  OF  OCEANIC  COMPLEXES 
ALONG  THE  NORTHEASTERN  ASIAN  CONVERGENT 
BOUNDARY  IN  THE  LATE  MESOZOIC 

Sokolov  S.D..  Grigoriev  V.N. 

Geological  Institute,  Russian  Academy  of  Sciences,  Moscow 
sokoIov(gginran.rask.su 

In  the  Late  Jurassic-Early  Cretaceous,  the  convergent  boundary 
between  Asia  and  NW  Pacific  was  marked  by  tlie  extended  Uda-Murgal 
island-arc  system.  The  frontal  zone  of  the  arc  displays  ophiolitic  terranes 
and  offscraped  oceanic  fragments  of  various  ages  (Paleozoic,  Triassic, 
Jurassic,  and  Early  Cretaceous)  and  origins  derived  from  the  Paleo- 
Pacific  crust.  The  accretion  of  these  complexes  involved  tectonic  stacking 
and  formation  of  duplexes  leading  to  drastic  crustal  thickening  (vertical 
accretion).  This  resulted  in  thrust  packages  composed  of  oceanic 
complexes  and  in  structured  melanges  made  up  of  individual  mappable 
sheets  of  variably  aged  ophiolites.  For  example,  Kuyul  serpentinite 
melange  combines  the  tectonic  sheets  of  oceanic  and  suprasubduction 
ophiolite.  The  accretion  was  accompanied  by  strike-slip  deformations 
and  exhumation  ojsubduction-related  metamorphic  complexes. 


MIOCENE  HIGH-PRESSURE  METAMORPHIC  ROCKS  OF  CRETE, 
GREECE:  RAPID  EXHUMATION  BY  BUOYANT  ESCAPE. 

S.N.  Thomson.  B.  Stbekhert,  &  M.R.  Brix 

Institut  fur  Geologic,  Ruhr-Universii^  Bochum,  D-44780  Bochum,  Germany 
ttuan.tbomson@nihr-uni-bochum.de  /  Fax  +49  234  709  4572 

The  Tertiary  n^pe  pile  of  Crete,  Greece  comprises  two  main  rock  groups  that  were 
juxtaposed  by  extensional  detachment  during  the  Miocene.  Detailed  pressure,  tem¬ 
perature  and  structural  histories  of  HP-LT  metamorphic  rocks  in  the  lower  plate  to 
detachment  reveal  that  these  rocks  were  subducted,  subjected  to  pervasive  deforma¬ 
tion  and  metamoiphism  only  at  their  depth  of  maximum  burial  (30-35  km,  300- 
400*C)  between  -24  and  19  Ma  and  subsequently  exhumed  to  less  than  10  km  and 
300‘C  at  rates  >3.5  km/my  before  -19  Ma.  Miaostructural  analysis  reveals  that  de- 
f(Mination  during  exhumation  was  localised  along  the  extensional  detachment  that 
tectonically  denuded  these  rocks  with  the  bulk  of  the  rocks  of  the  lower  plate  being 
exhumed  as  a  coherent  block.  In  conuast,  fission  track  data  from  the  rocks  of  the 
upper  plate  show  that  they  have  remained  in  the  upper  4  km  of  the  crust  since  at 
l^t  tbe  Eocene.  This  reveals  that  tectonic  denudation  contributed  85  to  90%  to  the 
total  exhumation  of  the  HP-LT  lower  plate  rocks.  After  cessation  of  movement 
along  tbe  main  extensional  detachment,  both  the  upper  and  lower  plates  of  tbe 
Cretan  nappe  pile  were  subjected  to  a  phase  of  brittle  extension  and  minor  denuda¬ 
tion  at  -15  Ma.  A  tectonic  model  is  proposed  that  requires  continuous  subduction 
retreat  since  at  least  the  Eocene.  Exhumation  of  the  HP-LT  rocks  of  Crete  is  driven 
by  positive  buoyancy  of  tbe  subducted  continental  crust  following  slab  breakoff. 
This  allows  the  subducted  miaocontinent  to  return  to  the  surface  by  entering  the 
space  created  by  renewed  subduction  retreat.  We  term  this  process  buoyant  escape. 


GEOMETRY  AND  KINEMATICS  OF  THE  POST-METAMORPHIC 
THRUST  SYSTEM  IN  THE  CIRCUM  RHODOPE  BELT  (CRB)  AT  THE 
WESTERN  MARGIN  OF  THE  HELLENIC  HINTERLAND  (GREECE) 

M.  D.  Tranos  (1).  A.  A.  Kilias  (1).  D.  M.  Mountrakis  (1) 

(1)  Aristotle  University  of  Thessaloniki,  GR-54006,  Greece, 
e-mail;  Kilias@gco.auth:gr 

The  cojnplicated  NW-SE  trending  Thmst  System  in  the  Circum  Rhodope  Belt 
(CRBTS)  at  the  western  margin  of  the  Serbomacedonian  massif  that  overthrusts 
.towards  SW  the  old  ophiolitic  suture  of  A.sios  zone  is  a  main  structural  feature 
related  to  tlic  Hellenic  hinterland  in  Central  Macedonia.  The  CRBTS  comprises 
pott-metamorphic  (post-Eocene)  thrust  sheets  resembling  an  antiformal  stack 
geometry  and  a  mainly  SWward  (N40^-70‘’)  transport  direction.  At  least  three  thrust 
sheets  of  the  Serbomacedonian  basement  are  recognized  wiilun  the  CRBTS.  In 
between  tlie  thrust  sheets,  relatively  older.  SW-verging  asymmetric  folds  associated 
with  axial  crcnulation  cleavage  reveal  similar  kinematic  symmetry  with  the  thrusts. 
The  whole  thrust  s>'stem  is  bounded  from  the  Serbomacedonian  massif  by  a  steep 
arcuate.  NW-SE  trending  fault  zone  that  is  characterized  by  a  right  later^  reverse 
oblique  fault  geometry  and  is  related  to  the  CRBTS.  Relatively  younger  NE-directed 
back-thrusts  rooted  from  tliis  fault  zone,  locally  emplaced  the  CRB  rocks  onto  the 
Serbomacedonian  massif.  WNW-ESE  to  E-W  faults  and  N-S  to  NNE-SSW  faults 
usually  forming  oblique  or/and  lateral  ramps  to  die  main  frontal  tlinists  of  the 
CRBTS.  indicate  left-  and  right-lateral  strike  slip  movements  respectively.  Orogen 
parallel  lateral  e.xtrusion  takes  place  locally  between  tltc  conjugate  sets  of  the  strike- 
slip  faults.  Tmnspression  is  acknowledged  as  Uic  main  dcforiitation  mechanism  of 
die  CRBTS.  Finally,  we  attempt  to  figure  out  the  possible  architecture  pattern  and 
geometry  of  the  CRBTS  lluough  balanced  cross-sections. 


BLISTERS  OP  HOT  MIDDLE  CRUST  IN  THE  NORTH  AEGEAN 
EXTENSIONAL  REGION 

N.  Wawtzeirite  and  A,  Krohe 

Institut  Ei  Mineralogie  Universitat  Milnster,  Gennany 

W8wrjen@ini^.uiii-mucrnstw.de 

At  the  western  extremity  of  the  North  Anatolian  Transfer  Fault  (North  Aegean), 
several  gneiss  domes  occur,  which  form  prominent  topographic  rises  and  coincide 
with  pronounced  positive  Bougucr  anomalies.  Tbe  gneiss  dome  of  Thasos  Island 
delineates  the  following  characteristic  features: 

There  is  a  distinct  gap  in  time  of  about  8-10  Ma  between  (i)  onset  of  plastic  thin¬ 
ning  of  the  middle  crust  (ca.6  kbar,  SS0°C)  and  exhumation  along  a  first  nonnal 
detachment,  and  (ii)  ultramylonitisation,  doming  and  exhumation  of  the  de^r  and 
hotter  parts  (ca.  8  kbar,  650“O  along  a  second  detachment  system.  Translation 
along  the  second  detachment  determine  iqidoming,  sut&ce  uplift,  and  local  forma¬ 
tion  of  a  steep  topographic  height,  and  also  simultanous  subsidence  and  basin  for¬ 
mation  in  the  surrounding  of  dome.  The  second  detachment  is  underls^  by  a 
strong  positive  Bougner  anomaly  of  about  70  mgal  (Memou  et  al  1985),  which  may 
be  interpreted  as  a  result  of  a  mafic  magma  bubble  or  of  upwelling  of  a  hot  mantle. 
This  may  provide  a  local  upward  pushing  fijree  and  probably  also  cause  heating  of 
the  deeper  parts  during  plastic  updoming  (blistering).  Similar  relationships  between 
topographic  rises  and  basin  fiormation  (that  is  erosion  and  deposition)  with  deeper 
lithosperic  stracturcs  can  be  stgiposed  for  the  domes  of  Mount  Athos,  Pangcon  and 
elsewhere. 

Ref.;  Memou, T.,  Kalegeropoulos,  G,  Skiani,  G.,  1985.  IGME  report,  Athens. 
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OEODYNAMICS  OF  THE  WESTERN  PART  OF  MONGOLIA-OKHOTSK 
COLLISION  BELT:  STACKING  AND  EXHUMATION 


Zorin  Yu.  A.,  Institute  of  the  Earth  Crust,  Russian  Academy  of  Sciences,  Irkutsk, 
Russia.  E-mail:  zorin@crust.irkutsk.su 

After  the  first  episode  of  collision  between  Siberia  and  Mongolia,  that  occurred 
prior  to  the  earliest  Permian  in  the  region  of  Khangay  (Central  Mongolia),  the 
former  continent  was  turned  about  120°  counter-clockwise  with  respect  to  the  latter 
one,  and  the  two  still  were  separated  by  the  Mongolia-Okhotsk  ocean,  an  enormous 
gulf  of  the  Pacific.  According  to  geological  and  paleomagnetic  evidence,  complete 
suturing  occurred  at  the  Early  /  Middle  Jurassic  boundary  as  a  result  of  clockwise 
rotation  of  Siberia.  In  East  Siberia,  collision  involved  a  third  element,  the  Onon 
island-arc  terrane,  that  was  squeezed  between  the  two  colliding  continents. 

After  collision,  sequences  related  to  the  active  continental  margin  of  Siberia  and  to 
the  Onon  island  arc  thrust  over  the  passive  margin  of  Mongolia.  Middle  and  Late 
Jurassic  thrusting  and  associated  magmatism  caused  considerable  thickening  of  the 
crust  and  uplifting  in  the  south-eastern  Siberia.  At  present  the  remnants  of  the 
uplift  constitute  an  echelon  of  mountain  districts  of  Khentey,  Dauria  and  Olekma 
Stanovik.  In  the  Early  Cretaceous,  the  collisional  uplift  collapsed  whereby  thrusts 
transfitrmed  into  low-angle  normal  &ults,  movements  on  which  ted  to  exhumation 
of  metamorphic  core  complexes.  Inversion  of  magnetic  anomalies,  produced  by 
gneissic  granitoids  fi-om  the  core  complexes,  imaged  their  geometry  and  thus 
enabled  rough  estimates  of  the  amount  of  displacement  related  to  the  Early 
Cretaceous  rifting. 


SE17  Dynamics  of  plate  boundaries 

02  Active  deformation  along  plate 
boundaries:  measurements  and  models 

Convener:  Calais,  E. 

Co-Convener:  Wdowinski,  S. 


EARTHQUAKE  DISTRIBUTION  AND  MECHANISMS.  LITHOSPHERIC 
STRUCTURE  AND  TECTONIC  REGIMES:  TAIWAN 

J.  Aneelierfn.  Y.  Font  (2) ,  Hu  J.-C.  (3),  and  S.  Lallemand  (4) 

(1)  Tectonique,  URA  1759,  Univ.  P.-&-M.  Curie,  Paris  France.ja@lgs.jussieu.fr.  (2) 

Dept  of  Oceanography.  National  Taiwan  University,  Taipei.  Taiwan.  Central 
Geological  Survey,  Taipei.  Taiwan,  (3)  Institute  of  Earth  Sciences.  Academia  Sinica. 

Taipei,  Taiwan,  University  Sci.  Techn.  Languedoc,  Montpellier,  France. 

I 

First,  the  distribution  of  earthquakes  in  and  around  Taiwan  is  studied  based  on  3-D 
analysis  of  numerous  horizontal  and  vertical  thick  sections. 

To  the  west,  the  lithospheric  slab  of  the  Ryukyu  subduction  zone  is  tw  isted  and  tom, 
and  interrupted  beneath  northern  Taiwan.  A  fragment  plunges  towards  the  NW  near 
the  northern  tip  of  the  Coastal  Range,  in  relation  with  oblique  collision. 

To  the  south,  a  lithospheric  slab  related  to  the  subduction  beneath  the  Luzon  arc 
trends  N-S,  and  dips  to  the  east  off  southeastern  Taiwan.  In  addition,  beneath 
onshore  southern  Taiwan,  shallow  earthquake  depths  increase  toward  the  SE.  in 
agreement  with  the  subduction  at  the  northern  tip  of  the  Manila  trench  system. 

The  seismicity  of  the  Longitudinal  Valley  zone  ranges  in  depth  between  0-60  km. 
with  an  average  seismic  surface  striking  N15°E  and  steeply  dipping  to  the  east 
beneath  the  Coa.stal  Range  and  offshore  eastern  Taiwan.  This  major,  east-dipping 
active  crustal  thrust  zone  crops  out  along  the  active  Longitudinal  Valley  Fault. 

Second,  inverse  methods  to  reconstruct  stress  allowed  ideniillcation  of  four  main 
stress  regimes.  To  the  northeast.  N-S  extension  affects  the  Ryukyu  back-arc  basin, 
southward  thrusting  prevails  at  the  front  of  the  Ryukyu  subduction  zone,  and  a 
variety  of  mechanisms  reveal  complex  deformation  at  the  northeast  tip  of  the 
Philippine  Sea  Plate.  To  the  southwest.  NW-SE  compression  prevails  in  the  Taiwan 
collision  zone.  Normal  mechanisms  are  also  present  within  the  Taiwan  belt. 

Numerical  modelling  experiments  taking  into  account  these  seismological  properties 
have  the  potential  to  constrain  the  complex  tectonic  behaviour  of  the  Taiwan 
collision  zone  within  a  mechanically  consistent  frame. 


RECENT  CRUSTAL  DYNAMICS  IN  THE  AZORES  ARCHIPELAGO 
DERIVED  FROM  REPEATED  GPS  OBSERVATIONS 

Luisa  Bastos(  1 ),  Jose  Osorio(  1 ),  Paulo  Baptista(  I ),  Gunter  Hein  (2),  Rui 
Fernandes  (3), 

(1)  Astronomical  Observatory,  University  of  Porto,  (2)  Institute  for  Geodesy  and 
Navigation,  University  FAF  Munich,  (3)  Department  of  Mathematics, 

University  of  Bcira  Interior 

In  the  scope  of  project  TANGO  (TransAUantic  Networic  for  Geodynamics  and 
Oceanography),  periodic  GPS  observations  have  been  made  in  the  area  of 
Azores  Triple  Junction.  From  1988  to  1997,  foiu  campaigns  with  stations  in  all 
the  nine  islands  of  the  Azores  archipelago,  have  been  realized  with  a  periodicity 
of  about  three  years.  This  nclwodc  has  stations  on  three  main  tectonic  plates: 
Eurasian,  American  and  African. 

The  paper  presents  results  of  the  estimation  of  displacements  parameters, 
derived  from  GPS  observations  only.  The  values  obtained  are  compared  with 
those  derived  from  analysis  of  geological  and  geophysical  data.  The  dynamics 
of  the  region  is  very  complex  and  has  not  a  unique  pattern.  The  results  show 
that,  for  some  of  the  stations,  the  displacements  are  generically  consistent,  in 
direction  and  magnitude,  with  global  tectonics  models  whereas  for  other  stations 
more  measurements  are  necessary  to  allow  a  better  comprehension  of  the 
detected  movements. 


EVALUATION  OF  PRESENT  SEISMIC  DEFORMATION  IN  THE 
WESTERN  ALPS 

N.  Bethoux  (1),  E.  C'llms  (1),  G.  Ouillon  (2)  and  M.  Nicol-ia  (3) 

(1)  Geosciencft.s  Aziir,  CNRS-UPMC,  250  Hiift  Alboit  EiiiJsU-iu,  UfinfiO  Valbonnn 
trance,  (2)  l.fiboralolre  de  Physique  dft  la  Malicrf.;  Coiideniee,  University  dt^ 
Nice,  France.,  (iJ)  Laboratoire  dc  DVtcidioa  el  de  G’eophysiqnc,  LOG-CE.A. 
Bruyeces  le  Chatel,  France.. 

b«tho«x5Ja.ille.unlC'S.fr/Fax:  (33)  4  93  05  27  17 

Rclar.jouship  between  geodetic  data  and  .'uttivr  deronnalioa  deduced  from  sois- 
Kiicily  data  are  studied  for  rbe  \\Vsl,-;rn  Alps,  atf^mming  that  it  i.s  pos.^ililr;  to 
the  strain  ten^ov  coTriponcnU  from  the  moment  tenscjt  comfioacnlis  if 
vvr  split  the  studied  region  Into  zunrs  of  rdatively  homogeneou.s  deformat  ion. 
The  cfiaiu  dllTicuUy  of  such  an  analysis  in  a  miu.lcraic  seismic  area  is  the  ditfn- 
siv<?  character  of  the  sei.smic  swarni^i.  Wc  pre.-<ent  here  a  new  methodoloji^  to 
define  sei^niogmic  zoij,<.*e  biwed  oa  a  {statistical  analy.sis  of  the  3D  dietribuliou 
of  rarthquakea  uaing  a  3D  wavelet  tran.sform.  Then  vve  eallmate  the  present 
seismic  deformation  of  .sonv.’;  of  tin;  .sciainogenic  volumes,  where  the  determina- 
Gon  of  focal  mechanisrri.s  allows  us  to  coaclade  lh«t  the  style  of  defoi-niafiori 
ie  homogeneous.  In  most,  arr.as  ihc  recent  aei.vrnic  deformation  i.s  only  J.of  the,’ 
movements  deduced  froui  I'r.odutit;  me^veurernents  but  this  estimate  mainly  (;ri- 
hances  the  heterogeneity  of  ibo  rncchanichal  behaviour  of  the  Westerti  Alps. 
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SURFACE  PROCESSES,  SUBSURFACE  HETEROGENEITIES  AND  THE 
LITHOSPHERIC  STRENGH  IN  THE  COMPRESSIONAL  AREAS. 

E.B.  Burovf  I).  C.  Jaupart(2),  A.  Poliakov(3) 

(1)  BRGM.  BP  6009,  Orleans.  France,  e-mail:  burov(^ul 27. brgm.fr 

(2)  Institut  de  Physique  du  Globe  de  Paris;  (3)  Universiie  de  Montpellier.  France 
Models  of  tectonic  deformation  commonly  neglect  the  surface  processes  and  sub¬ 
surface  heterogeneities  such  as  lateral  variations  in  the  crustal  composition, 
minor  or  healed  faults,  assuming  that  they  are  negligible  with  respect  to  the  ef¬ 
fects  of  the  topography  and  tectonic  forces.  Recent  problems  with  estimation  of 
lithospheric  strength  in  cratons  and  common  probiems  with  simultaneous  repro¬ 
duction  of  realistic  vertical  tectonic  velocities  and  surface  geometries  in  the 
mechanical  tectonic  models  suggest  that  the  above  factors  may  play  a  leading 
role  in  many  cases.  Using  a  forward  numerical  approach  based  on  the  FLAC  algo¬ 
rithm  which  allows  to  account  for  realistic  brittle-elasto-ductile  rheologies, 
erosion  and  non-predefined  faults,  we  show  that,  for  example,  in  the  Kapuskasing 
Uplift  Zone  (Canadian  Shield),  characterized  by  the  absence  of  surface  topogra¬ 
phy  (wiped  by  erosion),  a  large  granulite  intrusion  associated  with  the  old  thrust 
fault  can  be  responsible  for  the  observed  important  (8  km)  large  scale  deflection 
of  Moho  comparable  with  that  produced  by  a  2  km-high  mountain  belt.  Our  other 
experiment  (applied  to  Central  Asia)  shows  the  crucial  importance  of  the  account 
for  the  surface  processes  and  distributed  faulting  in  modelling  of  compressional 
instabilities  (e.g.  folding  of  the  lithosphere)  and  orogeny.  Erosion  allows  to  obtain 
10  times  higher  vertical  tectonic  rates  than  for  the  conventional  models,  and  sig¬ 
nificantly  influence  the  evolution  and  distribution  (spacing)  of  faults,  finite 
amplitudes  of  tectonic  movements  and  even  the  subsurface  structure  of  the  litho¬ 
sphere.  In  a  difference  with  the  traditional  opinion,  our  model  show  that 
volumetric  shortening,  folding  and  faulting  can  actually  co-exist  for  a  very  long 
time,  partly  thanking  to  the  stabilizing  feedback  with  the  surface  processes. 


MODELING  OF  THE  SEISMIC  CYCLE  IN  SUBDUCTION 
ZONES,  APPLICATION  TO  NORTHERN  CHILE 
R.  Cattin,  H.  Lyon-Caen,  R.  Armijo,  J.-B.  De  Chabalier  and  J.-C.  Ruegg 
Institut  de  Physique  du  Globe  de  Paris,  Paris,  France. 
cattinOipgp.jussieu.fr/Fax:  [33]  144273894 

In  subduction  earthquakes,  coseismic  elevation  changes  are  opposite  to  the  ob¬ 
served  topography.  We  investigate  how  this  relationship  can  be  understood  by 
studying  a  2-dimensionaI  mechanical  model  that  takes  into  account  the  me¬ 
chanical  discontinuity  of  the  subduction  interface  as  well  as  a  realistic  geome¬ 
try  and  rheology.  At  the  timescale  of  seismic  cycle  (^100  years),  we  calculate 
the  displacements  associated  to  a  complete  cycle,  taking  into  account  inter-, 
CO-  and  post-seismic  deformations.  At  the  long  time  scale  (->^100.000  ans),  we 
simulate  the  deformation  due  to  initial  geometry  (topography,  slab  radius  of 
curvature  and  lithosphere  thickness),  rheology  (elastic  crust  and  viscoelastic 
upper  mantle)  and  boundary  conditions  (static  ones  and  kinematic  ones). 
These  two  approaches  at  different  time  scale  give  consistent  results  allowing 
to  explain  the  main  features  of  long  term  deformations,  The  main  part  of  the 
resulting  displacement  is  due  to  the  flexure  of  the  continental  lithosphere  and 
to  the  viscoelastic  relaxation  of  the  upper  mantle.  The  distance  between  the 
trench  and  the  coast  cannot  be  explained  by  taking  into  account  only  the 
viscoelasticity  of  the  continental  lithosphere.  Both  approaches  indicate  that 
part  of  the  strain  must  be  plastic  to  explain  the  topography  of  the  forearc 
region  in  northern  Chile. 


EVOLUTION  OF  PLATE  BOUNDARY  IN  THE  TAIWAN 
ARC-CONTINENT  COLLISION  TERRANE 

C.-P.  Chanp(0  and  C.-Y.  HuangC^) 

(1)  Lab.  Teclonique,  Univ.  P.  et  M.  Curie,  Paris,  France 

(2)  Department  of  Geology,  National  Taiwan  University,  Taiwan 

As  at  an  active  erogenic  belt  in  the  Western  Pacific,  the  island  of  Taiwan  is 
unique  for  comprehensive  cause-and-effect  studies  on  convergent  margins.  Since 
the  Early  Miocene,  the  oceanic  lithosphere  of  the  South  China  Sea  began  to 
subduct  eastward  beneath  the  Philippine  Sea  plate,  along  a  proto-Manila  trench, 
thus  forming  a  subduction  wedge  in  front  of  the  Luzon  Arc.  Continued 
subduction  resulted  in  an  oblique  collision  of  the  underlhrusting  Eurasian 
continental  crust  with  the  Luzon  arc  at  about  6.5  Ma.  Because  the  arc-continent 
collision  slopped  the  subduction,  the  proto-Manila  trench  was  transformed 
southwestward  from  a  plate  suture  to  several  thrusts.  Starting  about  3.8  Ma,  the 
Luzon  arc  and  forearc  basin  were  westward  accreted  onto  the  Eurasian  continent 
to  generate  the  Coastal  Range  in  eastern  Taiwan.  A  new  plate  boundary 
between  Eurasian  Plate  (eastern  Central  Range)  and  the  Philippine  Sea  Plate 
(Coastal  Range)  thus  formed  along  the  Longitudinal  Valley.  This  new  boundary 
originated  as  a  submarine  arc-prism  boundary.  The  shortening  caused  by  the  arc- 
continent  collision  is  accompanied  by  the  formation  of  east-dipping  thrust  fault, 
and  the  arc-prism  boundary  is  an  innate  weak  zone  of  the  overriding  plate.  This 
inference  is  supported  by  the  observations  on  the  Lichi  melange  in  the  Coastal 
Range  and  on  the  Huatung  Ridge  off  southeastern  Taiwan.  The  Lichi  melange 
and  the  Huatung  Ridge  most  likely  arose  from  the  shearing  of  forearc  sequences 
during  arc-continent  collision,  instead  of  from  a  subduction  complex.  Since  the 
last  collision  began,  about  3  Ma  ago,  the  displacement  of  the  Luzon  Arc  toward 
Eurasia  averaged  150  km  in  the  N310°  azimuth,  a  present-day  relative  velocity 
of  about  3  cm/yr  being  detected  across  the  Longitudinal  Valley. 


CRETACEOUS  AND  TERTIARY  CLOCKWISE  ROTATIONS  IN  THE 
PUNA  PLATEAU  (ARGENTINA):  TECTONIC  IMPLICATIONS  FOR 
CENTRAL  ANDES. 

T.  Coutand  (I),  P.  Roperch  (2),  A.  Chauvin  (1),  P.R.  Cobbold  (I)  and 
P.  Gautier  (!) 

(I)  Geosciences,  University  of  Rennes,  France;  (2)  ORSTOM.  Chile 
lsabelle.Coutand@univ-rennesl.fr 

Between  !0®S  and  30®S.  the  Central  Andes  are  marked  by  a  major  topographic 
anomaly,  the  Altiplano-Puiia  plateau,  and  by  a  bended  geometry,  the  Arica  elbow. 
The  origin  of  the  curvature  of  the  chain  is  still  controversial.  Numerous 
paleomagnelic  results  have  shown  that  the  northern  and  southern  limb  of  the  elbow 
were  characterised  by  counterclockwise  and  clockwise  rotations  respectively.  Two 
end-members  hypotheses  are  classically  proposed,  (1)  tectonic  rotations  and  curvature 
of  the  margin  are  both  the  result  of  a  Neogene  oroclinal  bending  linked  with  the 
Qucchua  (Miocene)  phase  of  the  andean  orogeny  and  (2)  the  curvature  is  of  primary 
origin  and  rotations  result  from  small-scale  crustal  block  rotations  clue  to  the  oblique 
convergence  between  the  two  plates.  New  paleomagnetic  results  obtained  in  the 
Puna  plateau  combined  with  a  compilation  of  available  data  show  that  the  Central 
Andes  arc  subject  to  oroclinal  bending  since  at  least  the  Upper  Cretaceous.  In 
addition,  we  suggest  that  the  margin  was  Initially  rather  straight,  striking  between 
NI0°-20®W,  This  interpretation  has  been  compared  with  results  of  analogue 
modelling  at  lithospheric  scale.  At  regional-scale,  amounts  of  rotations  in  the  back- 
arc  region  are  also  controlled  by  local  features,  especially  by  differential  offsets  along 
major  thrusts.  AMS  analysis,  kinematic  analysis  of  fault-slip  data  and  structural 
study  of  the  Puna  further  constrain  the  mechanisms  which  locally  control  amount  of 
rotations. 


RELATIVE  MOTION  BETWEEN  THE  CARIBBEAN  AND 
NORTH  AMERICAN  PLATES  AND  RELATED  PLATE  BOUND¬ 
ARY  ZONE  DEFORMATION  BASED  ON  A  DECADE  OF  GPS 
OBSERVATIONS 

T.  Dixon  (1),  C.  DeMets  (2),  P.  Jansma  (3),  P.  Mann  (4)  and  Eric  Calais  (5) 
(1)  Univ.  of  Miami,  (2)  Univ.  of  Wisconsin,  Madison,  (3)  Univ.  of  Puerto  Rico, 
Mayaguez,  (4)  Univ.  of  Texas,  Austin,  (5)  CNRS  Geosciences  Azur,  Sophia 
AntipoUs,  France. 

GPS  measurements  in  1986,  1994,  and  1995  in  the  northeastern  Caribbean  de¬ 
fine  the  velocity  of  the  Caribbean  plate  relative  to  North  America.  The  data 
show  eastward  motion  of  the  Caribbean  plate  at  a  rate  of  24  mm/yr  (for  a  site 
in  southern  Dominican  Republic),  a  factor  of  two  higher  than  the  Nuvell-A 
plate  motion  model  prediction.  Independent  GPS  measurements  on  San  An¬ 
dres  island  and  at  a  continuously  recording  site  in  Puerto  Rico  corroborate 
this  result.  The  GPS  results  combined  with  simple  elastic  strain  accumulation 
models  define  the  strain  distribution  within  this  part  of  the  Caribbean/North 
America  plate  boundary  zone.  They  suggest  that  only  30-60%  of  the  total  plate 
motion  is  accomodated  by  the  Septentrional  fault  zone  (9±3  mm/yr),  usually 
assumed  to  represent  the  plate  boundary  trace.  In  southern  Hispaniola,  the  En- 
riquillo  fault  and  the  Muertos  trough  accomodate  less  than  6  mm/yr  of  motion. 
Significant  strike-slip  and/or  oblique  dip-slip  motion  (>5  mm/yr)  is  probably 
accomodated  offshore,  north  of  Hispaniola,  in  relation  with  the  oblique  collision 
between  Hispaniola  and  the  Bahamas  platform. 


THE  STRUCTURE  OF  THE  CRUST  AND  THE  UPPER  MANTLE 
BENEATH  THE  LAPTEV  SEA  IN  NORTH-EASTERN  SIBERIA 

Franke‘  D..  Hinz',  K. 

'Federal  Institute  for  Geosciences  and  Natural  Resources  (BGR),  Hannover, 
Germany,  EMail;  franke@sdac.hannover.bgr.de 

In  north-eastern  Siberia,  in  the  Laptev  Sea  region,  the  boundary  between  the  North- 
American  and  the  Eurasian  plates  changes  from  sea  floor  spreading  to  extension  of 
continental  lithosphere.  Coming  from  the  north  the  earthquake  epicentres  which 
follow  the  arctic  mid-oceanic  ridge  spread  in  the  Laptev  Sea  over  an  area  of  about 
1000  km^  The  combined  use  of  teleseismic  data  (focal  mechanisms,  calculation  of 
the  rotation  pole  of  the  two  plates,  attenuation  of  shear  waves)  and  seismic  data 
(velocity  and  depth  estimations  of  the  crustal  units  from  wide  angle  reflection  / 
refraction  data)  allows  the  following  conclusions: 

•  The  crust  in  the  rift  related  basins  is  thinned  but  there  are  indications  for  the 
absence  of  a  mantle  plume  beneath. 

•  The  epicentres  can  be  correlated  with  the  main  structures  estimated  from  seismic 
reflection  data.  Presently  extension  concentrates  in  the  eastern  Laptev  Sea  region 
while  the  remaining  area  seems  to  build  a  seperated  stmeture. 
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A  MODEL  OF  MEDITERRANEAN  LITHOSPHERIC  DEFORMA- 
TION  WITH  FINITE  ELEMENTS 

O.  Heidbach  (1),  H.  Drewes  (1)  and  H.  Soffel  (2) 

(1)  Deutsches  Geodatisches  Forschungsinstitut,  Miinchen  (2)  Institut  fur  All- 
gemeine  und  Angewandte  Geophysik,  Universitat  Miinchen. 
heidbachfidgf i . badw-muenchen . de 

Recent  geodetical  and  geophysical  results  offer  new  insights  into  the  deforma¬ 
tion  and  depth  structure  of  the  Mediterranean  area.  It  has  thus  become  possible 
to  develop  more  detailed  geodynamical  models  of  the  Mediterranean  area.  By 
using  all  available  information  and  working  with  the  finite  element  method 
(FEM)  a  three-dimensional  image  of  the  dynamics  and  their  kinematic  results 
in  the  Mediterranean  was  created.  A  deformation  model  was  calculated  with 
the  help  of  numerical  integration  by  using  observed  surface  movements  and 
tectonic  forces,  taking  into  consideration  the  material  characteristics  and  the 
structure  of  the  Earth’s  crust  and  upper  mantle.  MARC  was  the  FE-software 
in  use,  which  enables  to  use  subroutines  in  order  to  solve  specific  problem¬ 
atic  adaptations  of  the  program.  The  results  then  received  are  compared  with 
the  stress  map  of  the  in-situ  measurements.  The  primarily  created  test  model 
with  purely  geophysical  parameters  was  used  as  a  geodetic  prediction  model 
for  recent  crustmovements  and  delivered  locally  vastly  deviating  results.  Tak¬ 
ing  into  consideration  the  results  of  the  geodetical  space  methods  (VLBI,  SLR 
and  GPS)  as  additional  boundary  conditions,  one  gets  very  detailed  results  of 
the  deformation. 


CENOZOIC  STRESS  FIELDS  AND  DEFORMATION  MECHANISM 
OF  FOLD-MOUNTAIN  STRUCTURES  OF  CRIMEA  AND  SOUTH¬ 
WEST  CAUCASUS 

A.V.Ilvm.  Russia,  Moscow,  UIPE  RAS,  e-mail:  ilyin@uipe-ras.scgis.ru 

The  area  of  research  is  located  in  the  southern  boundary  of  the  ancient 
East-European  plate  and  the  structural  elements  of  the  Mediterranean 
fold  belt:  the  Scythe  plate  and  fold-mountain  structures  of  the  Crimea 
and  North-West  Caucasus.On  the  base  of  the  structure-kinematics 
method  of  geological  data  analysis  (O.Goustchenko  method)  about  fault 
slip  data  sets  the  space  change  of  stress  fields  for  another  time  period 
were  reconstructed.  These  fields  create  the  space-time  rows  reflecting  the 
consistent  change  of  a  loading  conditions  of  the  southern  boundary  of 
the  plate  and  the  fold  belt.  The  deformation  mechanism  for  the  Cenozoic 
period  is  proposed  on  the  base  of  comparison  of  the  space-time  rows 
with  the  peculiarities  of  geological  development  of  the  area.  The 
reconstructed  stress  fields  and  assumpted  deformation  mechanism  are 
connected  to  the  collision  of  the  Arabian  plate  and  southern  boundary  of 
the  East-European  plate.  The  change  of  tectonic  stress  type  and  principal 
stress  axes  inside  the  kinematics  zones  of  reconstruction  during  of  the 
Cenozoic  time  are  connected  to  the  direction  of  displacement  of  the 
compression  situation  as  a  consequence  of  movement  of  the  Arabian 
plate  toward  the  ancient  plate. 


PRELIMINARY  RESULTS  OF  GPS  MEASUREMENTS  ACROSS 
WESTERN  NEPAL. 

F.  Jouanne  (1),  J.  L.  Mugnier  (2),  J.F.  Gamond  (3),  P.  Le  Fort  (2),  C. Vigny  (4),  and 
the  French  -  Nepalese  IDYLHIM  team  (5). 

(1)  L.G.C.A  UPRES  A  CNRS  5025,  Univ.  de  Savoie,  jouanne@univ-savoie.fr.  (2) 
L.G.C.A  UPRES  A  CNRS  5025,  Univ.  J.  Fourier,  (3)  L.G.I.T..  Univ.  J.  Fourier.  (4) 
CNRS  URA  1316,  E.N.S.  Paris,  (5)  D.M.G.,  Kathmandu. 

The  Himalaya  undergoes  at  present,  about  one-third  of  the  today  convergence 
between  India  and  Eurasia  (58  +!-  4  mm/a).  The  present-day  deformation  of  the 
Himalaya  is  characterized  by  big  earthquakes  (nearly  half  of  the  chain  has  ruptured 
over  the  last  century),  and  by  a  significant  uplift  reaching  7  -vl-  3  mm/a.  The 
historical  sismicity  of  Nepal  indicates  the  occurrence  of  big  earthquakes  in  the 
eastern  and  central  Nepal,  the  western  Nepal  being  characterized  by  a  lack  of  recent 
big  earthquake.  To  study  the  present-day  deformation  of  the  western  Nepal  a  GPS 
network  of  29  benchmarks  has  been  measured  in  November  1995  (IDYLHIM 
project)  with  9  points  of  the  1991  CIRES  network  (Bilham  et  al.,  1997).  A 
comparison  of  the  1995  and  the  1991  data  has  already  been  performed  (Bilham  et 
al.,  1997).  This  GPS  displacement  field  and  the  levelling  data  indicate  that  the  slip  of 
India  beneath  Himalaya  and  Tibet  can  be  approximated  by  a  single  dislocation  with  a 
ramp  located  in  the  central  Himalaya  (Bilham  et  al.,1997)  where  an  important 
microsismicity  is  recorded.  A  part  of  the  network  has  been  measured  again  in 
November  1997;  we  will  present  here  the  first  results  of  the  1995/1997  comparison. 
Ref :  Bilham  et  al.  (1997),  GPS  measurements  of  present-day  convergence  across 
the  Nepal  Himalaya.  Nature,  Vol  386,  1-94. 


STUDYING  PLATE  DEFORMATION  USING  GIS  &  GPS  TECHNOLOGIES 

Ra'ed  Kawar.  Geoffery  Blewitt.  Philip  Davies,  and  Alex  Smith 

Department  of  Geomatics  University  of  Newcastle  upon  Tyne  NEl  7RU,  United 

Kingdom  E-mail:  r.s.kawartS ncl.ac.uk 

We  present  a  new  method  to  study  current  plate  tectonic  motion  using  two  relatively 
recent  technologies:  Geographical  Information  Systems  (GIS)  and  Global  Positioning 
Systems  (GPS).  The  main  aim  of  this  project  is  to  classify  the  tectonic  plates  and 
reveal  any  inter-plate  deformation  on  the  global  scale.  A  GIS  system  is  under 
establishment  to  host  information  on  a-priori  plate  tectonic  boundaries,  IGS  stations, 
and  earthquake  seismology  data.  This  system  has  a  bootstrapping  procedure  to  identity 
clusters  of  GPS  stations  that  appear  to  have  similar  velocities  and  Euler  pole  solution. 
Clusters  are  identified  recursively  by  selecting  IGS  stations  in  the  outer  regions  of  the 
presumed  rigid  plates  and  comparing  them  with  those  stations  in  the  inner  zones  of  the 
same  plate.  Plate  rigidity  hypothesis  is  tested  by  comparing  the  inner  and  outer 
results:  if  they  are  in  agreement  then  the  plate  is  considered  to  be  rigid.  If  the  data  are 
not  in  harmony  other  geophysical  data  such  as  earthquake  seismology  and  fractures 
are  utilised  to  assist  in  identifying  any  previously  undetermined  boundaries  or  plate 
deformation.  Input  data  for  149  GPS  stations  come  from  the  IGS  solutions  determined 
using  the  fully  weighted  least  squares  procedures  applied  initially  for  an  18  months 
span  of  weekly  analysis  by  the  IGS  Global  Network  Analysis  Center  at  Newcastle. 
International  Seismologtcal  Centre  (ISC)  solutions  are  used  for  earthquake  seismology 
data.  Plate  tectonic  boundaries  and  fracture  zones  were  collected  through  digitizing 
various  data  sources.  This  system  of  studying  plate  deformation  is  still  at  the  early 
stages  of  development  and  there  will  be  future  improvements:  the  ability  to  use  the 
most  recent  IGS  solution  to  provide  data  for  longer  time  spans;  the  establishment  of  a 
new  IGS  Analysis  Center  to  provide  station  coordinates  for  the  late-submitting 
stations;  the  addition  of  system  flexibility  to  change  the  plate  boundaries  and  redefine 
the  tectonic  plate.s:  and  development  of  web  interface. 


SUBDUCTION-RELATED  DEFORMATION  AND  LONG-TERM 
COMPRESSION  IN  THE  CENTRAL  AND  SOUTHERN  ANDES 
DERIVED  FROM  GPS 

J.  Klotz,  Ch.  Reigber,  D.  Angermann,  G.  Michel  and  R.  Forth 
GFZ  Potsdam,  Telegrafenberg  A17,  14473  Potsdam,  Germany. 

Crustal  Deformation  in  the  Central  and  Southern  Andes  is  controlled  by  both, 
different  types  of  reversible  deformation  near  the  subduction  plate  boundary 
and  long-term  compression  in  the  Sub-Andean  range  in  more  than  600  km 
distance  to  the  Peru-Chile  trench.  In  order  to  detect  the  different  types  of  de¬ 
formation,  the  GFZ  Potsdam  established  the  large  GPS  network  SAGA  (South 
American  Geodetic  Activities),  covering  Chile  and  parts  of  Argentina,  in  co¬ 
operation  with  various  organizations  in  the  host  countries.  A  dense  part  of  the 
network  in  Northern  Chile  and  Northwest  Argentina  (72  sites)  was  re-observed 
3  months  after  the  Ms=7.3  Antofagasta  subduction  earthquake  which  rup¬ 
tured  the  area  on  July  30,  1995.  The  large  number  of  sites  allows  to  invert  the 
coseismic  slip  distribution  from  observed  surface  displacements.  The  residual 
displacements,  corrected  for  interseismic  coupling  and  coseismic  deformation, 
reflect  deformation  due  to  crustal  shortening  in  the  Sub-Andes.  In  1996,  120 
sites  between  .\rica  and  Pto.  Montt  (18®S  to  42®S)  were  re-observed.  Results 
indicate  a  high  interseismic  coupling  that  is  remarkably  homogeneous  along- 
strike.  Postseismic  displacements  in  the  rupture  area  of  the  very  large  1960 
Chilean  earthquake  and  the  .Antofagasta  earthquake  are  significantly  different 
from  those  derived  in  parts  of  the  net  that  are  dominated  by  inter-seismic 
deformation,  and  most  likely  influenced  by  visco-elastic  stress  relaxation. 


PRESENT  EVOLUTION  OF  THE  PACIFIC-AUSTRALIA- 
ANTARCTICA  TRIPLE  JUNCTION  BASED  ON  SLIP  VECTOR 
DEVIATIONS 

Atsuki  Kubo  (1)  and  Yoshifumi  Nogi  (1) 

(1)  National  Institute  of  Polar  Research,  1-9-10,  Kaga,  Itabashi,  Tokyo, 
173-0003,  Japan. 

kuboCnipr.ac.jp,  nogiOnipr.ac.  jp/Fax:  [81]  3-3962-4789 
Local  pole  of  PAC-AUS  motion  have  been  derived  from  slip  vectors  of  the 
earthquakes  along  the  Macqurie  ridge  by  Frohlich  et  al.  (1997).  This  local 
pole  locates  about  3  degrees  far  from  that  of  NUVELl  in  NNVV'  direction. 
This  insight  proposes  another  closure  of  velocity  triangle  near  the  triple  junc¬ 
tion.  Based  on  the  analysis  of  slip  vector  deviations  from  NUVELl  predictions, 
events  of  eastern  most  .AUS-ANT  plate  boundary  show  clear  negative  deviations 
(measured  clockwise).  This  deviations  are  convenient  for  the  closure  of  velocity 
triangle  stated  above.  Such  deviations  of  near  the  triple  junction  of  PAC-ANT 
boundary  are  not  well  determined,  but  the  deviations  are  almost  zero.  These 
results  suggest  that  present  reorganization  of  plate  boundaries  is  in  progress 
at  AUS-ANT  and  PAC-AUS  boudaries  rather  than  PAC-ANT.  Shape  of  veloc¬ 
ity  triangle  which  determined  for  near  the  triple  junction  is  almost  strait  line, 
and  satisfies  stable  condition  of  the  triple  junction.  Lodolo  and  Coren!  (1997) 
pointed  out  the  important 
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INTERACTION  OF  TWO  ACTIVE  DECOLLEMENTS  AND 
ANTIFORMAL  STACKING  IN  SANDBOX  ACCRETIONARY  WEDGES 

N.  Kukowski  (GEOMAR,  Wischhofstr.  1  -  3,  24148  Kiel),  S.  Lallemand, 
J.Malavielle  (CNRS,  Montpellier)  (nkukowski@geomar.de) 

The  dominating  mode  of  deformation  and  mass  transfer  observed  in 
scaled  sandbox  experiments  in  case  of  high  basal  friction  is  cycling 
between  frontal  accretion  of  short  imbricate  thrust  slices  and 
underthrusting  of  long,  undeformed  sheets.  A  weak  layer  in  the  incoming 
section  changes  the  style  of  deformation  and  provides  a  mechanism  for 
material  transfer  over  long  distances  beneath  a  large  buttress. 

These  observations  are  the  basis  for  experiments  with  two  partly 
overlapping  weak  horizons  and  a  relatively  steep  buttress  in  order  to 
investigate  in  more  detail  active  planes  of  movement  and  modes  of  mass 
transfer. 

Each  weak  horizon  entering  the  deformation  front  acts  as  a  decollement 
and  changes  the  style  of  deformation.  Thus,  the  two  weak  horizons  act  as 
simultaneously  active  decollements,  which  leads  to  a  complex  pattern  for 
imbricate  thrust  slice  formation  with  one  or  two  thin  shallow  slices  in 
between  a  sequence  of  deep  reaching  thrust  slices  which  go  down  to  the 
lower  detachment  level  and  therefore  comprise  larger  spacing. 

The  observed  modes  of  material  transfer  and  style  of  accretionary  growth 
compare  well  to  the  convergent  margin  off  Japan,  where  a  shallow 
decollement  has  been  observed,  and  the  Chilean  margin,  where 
underplating  in  deep  stages  takes  place. 


BLOCK  MOSAIC  AND  SEISMIC  MANIFESTATIONS  IN  BULGARIA 

M.Matova 

Geological  Institute  of  BAS,  Sofia  1113,  Bulgaria 
e-mail:  matova@geology.acad.bg 

The  block  mosaic  is  constructed  on  the  basis  of  satellite  images.  The 
block  configuration  could  be  interpreted  as  a  result  of  the  previous 
Alpine  evolution  and  of  the  post-Alpine  movements  and  deformations. 
The  horizontal  and  vertical  movements,  also  the  deformations  were 
realised  in  the  conditions  of  the  S  boundary  of  the  Europe-Asian 
plate,  that  was  going  in  a  contact  with  the  African  plate. 

The  seismic  events  (mainly  the  earthquakes  of  M<=7.8  and 
some  brontide  manifestations)  taken  place  on  limited  sectors  of  the 
high-sized  block  boundaries  and  sometimes  -  in  their  inner  parts.  In 
the  XX  c.  the  3  of  the  4  earthquakes  of  M>=7  have  the  epicentres 
near  the  S  and  SE  margins  of  the  Moesian  microplate. 

The  recent  movements  of  the  Moesian  microplate  and  of  the 
closely  related  to  it  the  Black  Sea,  the  Aegean  and  the  Adriatic  ones, 
also  their  position  in  the  Euro-Asian  plate  contact  zone  create  the 
seismic  potential  of  the  Balkan  region,  including  of  Bulgaria. 


AEGEAN-AFRICAN  BOUNDARY  TECTONICS  FROM  CRETE: 
Crete  regional  Tectonic  Experiment. 

FtHcos  C  Pavlisk  Stelios  Mertikas^  A  Karaliotis^  X  Ftantzis^  and  E  Mbartzos^ 

(1)  Joint  Center  for  Earth  System  Techn.  (JCET),  Univ.  of  Maryland  BC  and  NASA 
Goddard  SFC,  Greenbelt,  MD,  USA;  epavlis@Helmert.gsfc.nasa.gov/Fax:+l-301- 
286-1760  (2)  Tech.  Univ.  of  Crete,  Chania,  Greece 

The  establishment  of  a  regional  array  in  this  very  active  subduction  zone  was 
prompted  by  the  intense  seismicity  in  this  area.  Crete,  located  in  the  fotearc  of  the 
Hellenic  subduction  zone  is  a  natural  laboratory  for  deformation  monitoring.  The 
array  comprises  a  base  station  at  Chania  (in  operation  for  several  months  now),  a 
second  permanent  site  collocated  with  the  tide-gauge  at  the  Naval  Base  of  Souda,  near 
Chania,  and  the  incorporation  in  the  future  of  34  sites  previously  used  in  GPS  and 
SLR  campaigns  on  Crete.  This  is  the  fust  time  that  a  permanent  site  of  any  space 
technique  is  located  on  the  Island.  As  the  array  is  slowly  deployed  to  cover  the  west 
and  central  parts  of  the  island  over  the  next  two  years,  we  will  use  the  accumulated 
GPS  data  along  with  data  from  European  and  Aftican  sites  to  determine  precise 
relative  motion  vectors  and  regional  deformation  fields.  We  expect  that  cotKurtent 
efforts  to  expand  the  regional  GPS  networks  in  northern  Africa  and  over  the  Arabian 
plate  will  help  create  a  more  complete  picture  of  a  very  complex  tectonic  region.  Our 
permanent  GPS  array  will  also  contribute  in  the  densiJBcation  of  the  IGS  network  in 
this  region,  in  tide-gauge  and  seismic  hazard  monitoring,  and  in  numerous  local 
applications.  There  is  a  plethora  of  numerical  models  for  this  area;  we  expect  that  by 
complementing  other  permanent  networks  in  the  Eastern  Mediterranean-Aegean  area 
we  will  soon  have  the  data  to  discriminate  between  them. 


VELOCITY  FIELD  FOR  THE  EASTERN  MEDITERRANEAN 

R.  Reilinger(l),  S.  McClusky  (1),  R.  King  (1),  N.  Toksoz  (1),  A.  Barka  (2), 
C.  Demir  (3),  G.  Veis  (4),  A.  Ouzounis  (4),  M.  Prilepin  (.5),  V.  Kotzev  (6),  1. 
Georgiev  (6),  H.  Kahle  (7),  Y.  Peter  (7),  H.  Seeger  (8)  and  A.  Tealeb  (9) 

(1)  MIT,  Cambridge,  MA,  USA,  (2)  ITU,  Istanbul,  Turkey,  (3)  GCM,  Ankara, 
Turkey,  (4)  NTUA,  Athens,  Greece,  (5)  IPE,  Moscow,  Russia,  (6)  Cen.  Lab. 
Geod.,  Sofia,  Bulgaria,  (7)  ETH-Z,  Zurich,  Switzerland,  (8)  IfAG,  Frankfurt, 
Germany,  (9)  NRIAG,  Cairo,  Egypt. 
roilingeOerl .mit . edu 

We  combine  GPS  data  for  the  period  1988  -  1996  in  order  to  determine  an  inter¬ 
nally  consistent  estimate  of  contemporary  deformation  for  much  of  the  eastern 
Mediterranean  region.  The  northward  motion  of  Arabia  is  detected  at  stations 
in  SE  Turkey  and  is  slightly  less  than  the  NUVEL-IA  Arabian  plate  rate,  al¬ 
though  the  difference  is  within  the  uncertainties  of  both  estimates.  Northward 
motion  of  Africa  is  more  ambiguous  in  the  present  GPS  data  -  two  GPS  sta¬ 
tions  near  Cairo  show  slower  than  expected  motion.  Further  observations  are 
needed  to  substantiate  any  significant  deviation  from  NUVEL-l.A.  The  data 
define  the  coherent  rotation  of  Anatolia  and  constrain  internal  deformation  to 
below  2  mm/yr.  The  southern  Aegean  region  is  also  characterized  by  small 
internal  deformation  and  is  separated  from  the  Anatolian  region  by  a  zone  of 
N-S  extension  in  western  Turkey.  A  significant  deviation  from  coherent  motion 
occurs  in  the  southeastern  Aegean  which  shows  anomalous  motions  towards 
the  Hellenic  trench.  We  will  present  a  detailed  interpretation  of  the  velocity 
field  and  consider  the  implications  for  ongoing  dynamic  processes. 


INTEGRAL  DEFORMATION  OF  THE  CENTRAL  INDIAN 
BASIN  FROM  EOCENE  PLATE  RECONSTRUCTIONS 
Jean- Yves  ROYER  (1)  and  Jerome  DYMENT  (2) 

(1)  CNRS  UMR6526  Geosciences  Azur,  F-Villefranche/mer;  royer'Sobs-vlfr.fr. 

(2)  CNRS  UMR  6538  Domaines  Oceaniques,  F-Brest;  jerome@univ-brest.fr. 

The  Central  Indian  Basin  is  the  locus  of  active  and  intense  deformation 
resulting  from  relative  motions  between  the  Indian  and  Capricorn  plates  (the 
Capricorn  plate  is  the  portion  west  of  ~80'E  of  the  formerly  called  Australian 
plate).  Seismic  stratigraphy  and  deep  sea  drilling  suggest  that  this  deformation 
started  7.5-8.0  Myr  ago.  However,  high-resolution  plate  reconstructions  for 
the  past  20  Myr  along  the  Carlsberg  and  Central  Indian  ridges,  which  record 
the  motions  between  the  Indian  and  Somalian  plates  (north  of  4”S)  and 
between  the  Capricorn  and  Somalian  plates  (south  of  about  ID'S),  have 
shown  that  the  resulting  India/Capricorn  reconstruction  for  chron  6  (20  Ma) 
differs  significantly  from  every  younger  reconstruction,  including  that  at  18 
Ma  (chron  5E).  This  result  implies  that  the  motion  between  the  Indian  and 
Capricorn  plates  began  before  18  Ma. 

Here  we  investigate  further  this  question  by  comparing  high-resolution 
reconstructions  of  the  Carlsberg  and  Central  Indian  ridges  at  Eocene  times 
(chrons  20  -  24;  43  -  53  Ma),  prior  to  the  collision  between  the  Indian  and 
Eurasian  plates.  Differences  at  each  chron  between  the  two  sets  of  finite 
■rotations  yield  the  integral  motion  between  the  Indian  and  Capricorn  plates, 
and  hence  the  integral  deformation  in  the  Central  Indian  Basin. 


A  FLUID  INDENTOR  MODEL  FOR  THE  DEFORMATION  OF 
CONTINENTAL  MARGINS;  A  MODEL  FOR  SOUTH  AMERICA 

L.  P.  Solheim  (1)  and  P.  G.  Silver  (2) 

(1)  Dept,  of  Physics,  University  of  Toronto,  Toronto,  ON,  Canada,  MoS  1.A7, 

(2)  DTM,  Carnegie  Institution  of  Washington,  Washington,  DC,  USA,  20015. 
larryCatmosp. physics. utoronto.ca/Fax:  1  416  978-890.5 

The  general  circulation  of  the  convecting  mantle  in  the  earth  is  responsible  for 
driving  surface  plates  and  moving  continents.  The  small  scale  patterns  of  this 
circulation  are  what  determines  where  and  when  forces  are  applied  locally  to 
surface  features.  For  example,  a  horizontal  stagnation  point  flow  impinging  on 
the  deep  cratonic  root  of  a  continent  will  set  up  a  stress  distribution  along  the 
continental  margin  that  exhibits  a  maximum  in  normal  stress  at  the  stagna¬ 
tion  point.  This  stress  distribution  will  act  as  a  fluid  indentor,  deforming  the 
continent  over  time.  We  postulate  that  this  type  of  flow  pattern  exists  in  the 
mantle  off  the  west  coast  of  South  America  and  has  contributed  to  the  defor¬ 
mation  of  the  South  American  coastline  and  the  rise  of  the  Andean  orogen. 
Shear  wave  splitting  data  which  indicates  trench  parallel  flow  in  the  mantle 
beneath  the  subducting  NAZC.A  plate  off  the  west  coast  of  South  America 
and  the  high  degree  of  symmetry  in  geoid  and  topography  to  the  north  and 
south  of  the  Altiplano  are  consistent  with  a  local  horizontal  stagnation  point 
flow  pattern  in  the  mantle.  We  will  use  results  from  a  finite  element  model  of 
mantle  circulation  with  a  non-Newtonian  and  temperature  dependent  rheology 
similar  to  that  expected  in  the  earth’s  mantle  to  understand  in  more  detail  the 
consequences  of  a  horizontal  stagnation  point  flow . 
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GRAVITY,  SEISMICITY  AND  TECTONIC  SIGNATURE  OF 
ARC-CONTINENT  COLLISION  :  RESULTS  FROM  PHYSICAL 
AND  NUMERICAL  MODELLING. 

J.-C.  Tang  (1),  A.  Chemenda  (1),  S.  Lallemand  (2),  R.  Hassani  (3),  J. 
Chery  (2)  and  R.  K.  Yang  (4) 

(1)  GeoAzur,  Sophia  Antipolis,  France,  (2)  Universite  de  Montpellier,  France, 
(3)  Universite  de  Liege,  Belgium,  (4)  National  Central  University,  Taiwan. 
The  process  of  arc-continent  collision  is  modelled  both  experimentally  and  nu¬ 
merically.  The  experimental  approach  allowed  us  to  simulate  the  whole  process 
including  interaction  of  the  plates  between  them  and  the  plates  with  the  as- 
thenosphere.  However,  the  precision  of  this  approach  is  relatively  low.  Therefore 
we  use  the  finite-element  numerical  modelling  to  precisely  calculate  the  stress- 
strain  state  of  the  overriding  plate  carrying  the  volcanic  arc.  We  modelled  the 
deformation  only  of  this  plate,  applying  the  boundary  condition  (the  interplate 
pressure)  derived  from  the  physical  modelling.  The  results  are  the  followings: 
subduction  of  the  continental  margin  increases  the  compression  of  the  overrid¬ 
ing  plate  which  finally  fails  along  one  of  two  possible  directions  dipping  under 
the  arc  from  either  of  its  sides.  Both  deformation  and  the  mode  of  failure  de¬ 
pend  on  the  distance  between  the  arc  and  the  trench,  the  interplate  friction 
and  the  thickness  (geometry)  of  the  subducting  crust.  The  modelling  results  are 
compared  with  relief,  seismicity,  gravity,  and  GPS  data  from  the  two  regions  of 
ongoing  arc-continent  collision  in  Taiwan  and  Timor.  Based  on  the  comparative 
analysis  we  define  the  style  of  lithospheric  deformation  in  both  regions. 


1995-1997  SURFACE  DEFORMATION  ALONG  THE  HUSAVIK-FLATEY 
TRANSFORM  FAULT  AND  AROUND  ITS  JUNCTION  WITH  THE 
NORTHERN  VOLCANIC  ZONE  IN  ICELAND, 

T.  Villemin  (I)  F.  Jouanne  (I)  and  the  GPS-TFZTeam 
(1)  Lab.  Geodynamique  des  Chaines  Alpines, 

UPRES-A  CNRS  5025  &  Univ.  Savoie,  73376  Le  Bourget  du  Lac.  France 
viIlemin@univ-savoie.fr  /  Fax  +33  4  7975  8777 

The  Tjttrnes  Fracture  Zone  (TFZ)  is  a  rigth  lateral  transform  zone  which  connects 
in  the  Northern  Iceland  the  rift  zone  to  the  Mid-atlantic  oceanic  ridge.  The  most 
important  feature  of  the  TFZ  is  the  Husavik-Flatey  fault  whose  eastward 
continuation  outcrops  south  of  the  Tjdrnes  peninsula.  This  transform  fault  Is 
connected  to  the  most  westward  fissure  swarm  of  the  rift  zone.  At  this  place  the 
Husavik-Flatey  Fault  is  cut  by  norma!  faults  of  the  Theistareykir  fissure  swarm  and 
apparently  does  not  extend  to  the  east.  Historical  seismicity  has  been  observed 
along  the  Husavik-Flatey  fault  and  it  is  now  proposed  that  the  main  part  of  the 
plate  motion  is  accommodated  along  this  discontinuity. 

The  present-day  displacements  can  be  measured  along  the  strike  of  the  fault  at 
variable  distances  In  the  range  of  0-50  km.  A  dense  GPS  network  has  been 
Installed  there  and  we  measured  32  benchmarks  both  in  1995  and  1997.  Both  1995 
and  1997  shows  a  mean  repeatability  of  about  2  mm  for  the  horizontal  components. 
These  results  are  accurate  enough  to  compare  the  detailed  displacement  field  with 
the  fault  pattern  and  the  location  of  seismicity  occurring  during  the  same  period. 


INTERPRETATION  OF  GPS  OBSERVATIONS  IN  THE  TRIPLE 

JUNCTION  AREA  IN  INDONESIA 

A.  Walpersdorf  (1,2),  B.A.C.  Ambrosius  (1)  and  J.  Kahar  (3) 

(1)  DEOS,  TU  Delft,  The  Netherlands,  (2)  ENS,  Paris,  France,  (3)  ITB  Ban¬ 
dung,  Indonesia. 

The  triple  junction  of  the  Eurasian,  the  Philippine,  and  the  Australian  plate 
in  Indonesia  has  now  been  observed  by  GPS  over  a  three  years’  time  span. 
The  results  of  the  first  repeat  measurements  in  1996  have  already  shown  the 
tectonic  complexity  of  the  region.  A  kinematic  model  had  been  established,  in¬ 
dicating  a  rigid  clockwise  rotation  of  the  Sula  block  in  North  Sulawesi,  coherent 
with  geological  observations.  It  suggests  that  the  Sula  block  is  related  with  the 
Australian  plate  to  the  South  by  a  zone  of  continuous  deformation.  In  1997, 
important  repeat  measurements  have  been  conducted.  The  tectonic  model  can 
now  be  constrained  by  new  velocity  vectors  on  the  Sula  block  and  a  first  esti¬ 
mate  of  the  steady  state  velocity  of  Tomini  (North  Sulawesi),  a  station  affected 
by  earthquakes  in  earlier  observations.  For  stations  with  three  measurement 
epochs  there  is  now  evidence  for  either  a  steady  state  velocity  or  a  non-linear 
displacement.  This  allows  us  to  identify  the  limits  of  the  rigid  Sula  block,  the 
deformation  zones  along  the  block  boundaries  and  the  continuous  deformation 
zone  in  the  Southern  triple  junction  area. 


DEFORMATION  IN  THE  PALU-KORO  FAULT  REGION  (SU¬ 
LAWESI)  OBSERVED  BY  GPS 

A.  Walpersdorf  (1,2),  C.  Stevens  (3),  B.A.C.  Ambrosius  (1)  and  J.  Kahar  (4) 
(1)  DEOS,  TU  Delft,  The  Netherlands,  (2)  ENS,  Paris,  France,  (3)  RPI  New 
York,  (4)  ITB  Bandung,  Indonesia. 

The  Palu-Koro  fault  in  Central  Sulawesi  is  a  major  strike-slip  fault  which  trans¬ 
forms  the  high  relative  plate  motions  of  the  Australian,  Philippine  and  Eurasian 
plates  in  their  triple  junction  region,  but  which  has  shown  no  large  earthquakes 
in  the  last  one  hundred  years.  The  kinematic  behaviour  of  the  Palu  fault  has 
been  investigated  by  GPS  observations  on  a  50  km  transect  across  the  fault 
since  1992.  The  observations  show  that  the  fault  is  locked,  but  the  locking 
depth  could  be  evaluated  only  with  high  uncertainties.  It  was  observed  that 
the  strike-slip  rate  changed  around  1995  from  2.6  cm/yr  to  more  than  6  cm/yr, 
probably  due  to  co-seismic  motion  caused  by  two  earthquakes  in  the  Minahasa 
trench.  New  measurements  which  have  been  carried  out  in  1997  will  help  to 
verify  this  hypothesis.  Furthermore,  this  paper  attempts  to  improve  the  deter¬ 
mination  of  the  deformation  field  across  the  Palu  fault  by  combining  results  of 
previous  analyses  and  the  information  gained  from  the  new  measurements. 


Recent  seismic  activity  at  the  edge  of  rift  propagation  in  the  Gulf  of  Elat  (Aqaba) 

S.  Wdowinski  and  Z.  Ben-Avraham,  Department  of  Geophysics  and  Planetary 
Sciences,  Tel  Aviv  University,  Ramat  Aviv,  69978,  Israel 

The  Gulf  of  Elat  (Aqaba)  is  the  seismically  most  active  segment  of  the  Dead  Sea  Fault 
(DSF),  which  separates  the  Israel-Sinai  sub-plate  from  the  Arabian  plate.  In  November 
1995,  the  Mw»7.1,  Gulfof  Elat  earthquake  displaced  left-lateral ly  a  50  km  long  fault 
segment  by  3  meters.  This  earthquake  was  preceded  by  three  swarm  events  (occuiring 
in  1983, 1990,  and  1993)  and  was  followed  by  thousand  of  aftershocks.  The  center  for 
this  seismic  activity  is  the  central  Gulf,  a  region  characterized  by  deep  bathymetry 
(1800  m  b.s.I  -  the  deepest  in  the  Gulf),  open  cracks,  folds,  and  faults.  Structurally,  it 
is  a  symmetric  pull-apart  basin  located  above  a  transitional  zone  in  the  crust,  where  the 
Moho  depth  decreases  from  35  km  in  the  northern  Gulf  to  28  km  in  the  south. 
Ben-Avraham  [1985]  suggested  that  the  central  Gulf  represents  the  edge  of  rift 
propagation.  The  coincidence  of  the  short-term  seismic  and  longer-term  tectonic 
activity  in  the  central  Gulf  suggests  that  this  region  is  significantly  more  active  than 
other  segments  along  the  DSF.  The  excess  seismicity  in  the  centra!  Gulf  reflects  the 
combined  effect  of  horizontal  motion  along  the  plate  boundaiy  and  the  upper  crustal 
response  to  deep  rift  propagation  processes.  Thus,  we  suggest  that  the  repeal  time  for 
large  earthquake  along  the  central  Gulf  is  significantly  higher  than  along  the  other 
fault  segments  along  the  DSF. 
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STRESS  FIELD  DISTRIBUTION  IN  THE  TYRHENIAN 
REGION  AS  DEDUCED  BY  INVERSION  OF  EARTHQUAKE 
FOCAL  MECHANISMS 

C.  Christova 

Geophysical  Institute  of  Bulgarian  Academy  of  Sciences,  1113  Sofia, 
Bulgaria,  cenka'2>geophys.aoad.bg/Fax;+359-2700-226 

The  study  is  based  on  the  detailed  geometry  of  the  Tyrhenean 
Wadati-BeniofF  zone  (TWBZ)  and  the  deep  seismically  active 
fracture  sones  (FZ)  in  the  continental  wedge  as  delineated  by 
Hanus  &  Vanek.  Earthquake  focal  mechanism  solutions  and  tlie 
inverse  technique  of  Gephart  and  Forsyth  (1984)  were 
incorporated  for  determining  the  best  fit  principle  stress  directions 
Oj,  02.  O3  and  the  ratio  R  =  O2  -  0i/0j  -  Oi  for  the  TWBZ  and 
seven  FZ.  The  best  fit  stress  model  for  the  TWBZ  shows  that  the 
ma.xinium  compressive  stress  is  paralel  to  the  slab.  The  minimum 
compressive  stress  trends  SE  and  is  almost  normal  to  the  slab.  No 
clear  tendency  in  orientation  of  the  Oj  and  tlie  O3  in  the 
considered  FZ  is  found. 


SEtSMtCITY  AND  STRESS  TENSOR  I.NVERSlOX  IN  THE  CENTRAL 
WASHINGTON  CASCADE  MOUNTALNS  (USA) 

F  Criampiccolo  (1),  C.  Musumeci  (1),  S.  Malone  (2).  S.  Gresia  (I)  &  E.  Privitera  (3) 

(1)  Istituto  di  Geologia  e  Geofisica,  University  of  Catania.  Italy  (2)  Geophysics 
Program.  University  of  Washington.  Seattle.  US.V  (3)  Istituto  Intemazionale  di 
Vulcanologia,  CNR,  Catania,  Italy.  E-mail:  betty@iiv.ct.cnr.il 

The  tectonic  setting  of  north-western  United  States  is  dominated  by  the  interaction 
between  three  plates.  The  small  oceanic  Juan  de  Fuca  plate  subducts  beneath  the 
North  American  one  which,  on  a  larger  scale,  is  moving  to  the  south-east  relative  to 
the  Pacific  plate.  ViTiile  the  Cascade  Range  volcanoes  result  from  the  subduction 
process,  crustal  tectonics  are  dominated  by  N-S  compression  due  to  the  North 
American-Pacific  plates  interaction.  In  this  study  we  use  ca.  550  selected  earthquakes 
in  the  central  Washington  cascade  mountains  to  study  in  detail  the  uniformity  of  the 
stress  tensor  in  this  volcanic  arc  region.  Earthquakes  from  the  PNSN  catalogue  were 
divided  into  several  subsets  based  on  epicentra!  a.nd  depth  groupings  and  stress- 
tensor  inversions  using  the  Gephart  and  Forsyth  technique  were  computed  for  each 
group.  As  in  previous  similar  studies  the  ma.xamum  compressive  stress  avis  (sigma- 1) 
is  nearly  horizontal  and  trending  ca.  N-S  and  NNE-SSW.  However,  the  minimum 
compressive  stress  axis  (sigma-3)  deviates  from  vertical  to  horizontal  for  different 
groups  of  events.  In  particular,  events  in  the  depth  range  of  10-14  km  in  the  Western 
Rainier  Seismic  Zone  (WRSZ)  have  near  venical  sigma-3  direction  while  other  depth 
ranges  in  this  area  show  a  near  horizontal,  E-W  sigma-3  orientation.  We  hypothesize 
that  the  change  in  orientation  of  sigma-3  tor  the  10-14  km  depth  range  in  the  WRSZ 
is  probablv  due  to  the  influence  of  the  nearby  Mount  Rainier  magmatic  system. 


SEISMOTECTONICS  OF  CENTRAL  AMERICA:  A  STUDY  OF 
EARTHQUAKE  FOCAL  MECHANISMS 

Federico  Guendel  and  Ronnie  Quintero  (Observatorio  Vulcanologico  y 
Sismologico,  Universidad  Nacional  de  Costa  Rica;  e-mail. 
fgu(§)geofys.uu.se,  rq@geofys.uu.se) 

We  have  analyzed  an  extensive  earthquake  mechanism  data  base  compiled 
for  the  entire  Central  American  region  between  4-1 9°N  and  77-93°W.  Rose 
diagrams,  showing  the  horizontally  projected  pressure  axis,  and  triangle 
representations  were  used  to  classify  and  categorized  the  stress  regime  and 
the  preferred  tectonic  environment.  Results  indicate  that  in  general,  our 
findings  are  consistent  with  current  plate  models.  The  main  tectonic  feature 
corresponds  to  the  subduction  of  the  Cocos  plate  beneath  the  Caribbean 
plate  and  Panama  Block.  Polochio-Motagua-Swan  and  Panama  Fracture 
zone  systems  are  well  resolved  and  correspond  to  Caribbean-Northamerica 
and  Cocos-Nazca  plate  boundaries  respectively.  Intraplate  Caribbean  and 
Panama  Block  seismicity  corresponds  mainly  to  internal  deformation  along 
the  collision  zone,  and  occurring  in  shallow  strike  slip  faults,  mostly 
associated  with  the  volcanic  chain.  Only  two  major  anomalies  were  found, 
one  within  the  subducted  Cocos  slab  beneath  El  Salvador  and  the  other  a 
shear  zone  traversing  Central  Costa  Rica  connecting  the  Middle  America 
Trench  and  the  North  Panama  Deformed  Belt. 


THE  NANKAI  TROUGH  SEISMOGENIC  ZONE  EXPERIMENT:  RESUXTS 
OF  WIDE-ANGLE  OBS  DATA 

S.  Kodaira(l),  N.  Takahashi(l),  H.  lCinoshita(l),  K.  Mochizuki(2)  and  M. 
Shinohara(3)  •  ■  ,  ,c 

(1) Japan  Marine  Science  &  Technolocy  Center  (JAMSTEC),  Natsushima  2-15, 
Yokosuka  247,  JAPAN.  kodaira(gjamstec.go.jp 

(2)  Ocean  Research  Institute,  Univ.  Tokyo.  JAPAN. 

(3)  Faculty  of  Science,  Chiba  Univ.  JAPAN. 

The  Nankai  trough,  southwestern  Japan,  is  recognized  as  a  vigorous  seismogenic  zone 
with  well  studied  subduction  earthquakes.  The  lUV  KAIREI  (JAMSTEC)  was  used  to 
acquire  wide-angel  seismic  data  around  the  Nankai  trough  across  a  co-seismic  slip 
zone  of  the  1946  Nankaido  earthquake  (Ms=8).  A  total  of  25  ocean  bottom 
seismographs  (OBS)  and  one  land  station  were  deployed  along  three  dip  (50  -  250  km) 
and  strike  (120  km)  profiles.  A  main  purpose  of  the  wide-angle  seismic  experiment  is 
to  investigate  a  detailed  structure  of  the  rupture  zone  of  the  last  great  earthquake. 
Simultaneous  multichannel  seismic  (MCS)  reflection  data  were  also  acquired  (see 
poster  by  Park  et  al.).  A  model  along  the  main  dip  profile,  obtained  by  combined 
forward  and  inversion  modeling  of  the  OBS  data,  shows  thick  accretionary  sediment 
(8km  thick)  and  subducting  oceanic  crust  down  to  25  km  depth.  We  found  that  the 
boundary  between  the  accretionary  sediment  and  the  crystalline  forearc  crust  is  located 
at  20-50  km  landward  of  the  oceanward  edge  of  the  co-seismic  slip  zone.  The  MCS 
data  also  shows  a  clear  thrust  fault  cutting  through  the  accretionary  sediments.  These 
results  strongly  suggest  that  the  rupture  zone  of  the  1946  earthquake  farther  extends 
into  the  accrelionary  sediment  beyond  the  forarc-oceanic  crust  boundary. 


ANCORP’96  -  SUBDUCTION  ZONE  IN  THE  CENTRAL  ANDES  IMAGED 
BY  SEISMIC  REFLECTION  SURVEY 

Ewald  Lueschen  and  ANCORP  Working  Group  (GeoForschungsZentrum  Potsdam, 
ewald@gfz-potsdam.de) 

A  very  deep  reaching  400  km  long,  combined  seismic  reflection  and  refraction 
profile  was  performed  from  Sept  to  Dec  1996  in  the  Central  Andes  at  21  degree  S, 
Its  aim  was  to  image  and  model  the  structure  and  deformation  processes  of  the 
collision  of  the  South  American  continent  with  the  subducting  oceanic  Nazca  plate. 
Borehole  shots  with  90  kg  explosives  each  were  used  as  seismic  sources  at  a  spacing 
of  6.3  km.  The  moving  252-channel  spread  with  geophone  group  spacing  of  100  m 
resulted  in  a  nominal  4-fold  CMP  coverage.  Wide-angle  measurements  were 
integrated  by  repeating  shots  with  increasing  energy  at  an  average  spacing  of  30-50 
km.  In  the  same  area,  an  array  of  stations  was  installed  from  Nov  96  to  March  97  for 
monitoring  local  earthquakes.  The  most  remarkable  feature  of  the  near-vertical 
recordings  is  a  band  of  reflections,  5-8  km  wide,  seen  at  about  10-13  s  TWT  beneath 
the  coast  dipping  towards  the  east  to  28  s  TWT  (approx.  80  km  depth)  at  about  130 
km  from  the  coast.  The  Wadati-Benioff  zone  does  not  coincide  with  these  prominent 
reflections,  but  is  vertically  offset  into  the  oceanic  mantle  by  15-20  km.  At  about  8  s 
TWT.  above  the  sudden  end  of  the  dipping  band  of  reflections,  a  very  pronounced 
bright  spot  is  seen,  located  at  the  western  rim  of  the  recent  volcanic  arc.  We  suggest 
that  the  reflections  are  caused  by  a  fluid-  or  magma-enriched  zones  fed  by 
dehydration  processes  in  the  subducting  oceanic  plate. 
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STRUCTURE  OF  THE  CRUST  IN  CENTRAL  ANDES  IN¬ 
FERRED  FROM  POISSON’S  RATIO 

F.  Masson  (1),  C.  Dorbath  (2,*),  G.  Carlier  (3,*)  and  C.  Martinez  (4,*) 

(1)  Geophysical  Institut,  Karlsruhe,  Germany,  (2)  EOST-IPG  and  CNRS, 
Strasbourg,  France,  (3)  MNHN  and  CNRS,  Paris,  France,  (4)  Univ.  Mont¬ 
pellier  and  CNRS,  Montpellier,  France,  (*)  ORSTOM,  France. 
fmassonagpiwapl.physik.uni-karlsruhe.de/Fax:  [+49]  721  71173 

We  use  Poisson’s  ratio  derived  from  the  inversion  of  P  and  S  travel  times  of  local 
earthquakes  to  infer  the  structure  of  the  crust  in  the  Central  .A.ndes.  Poisson’s 
ratio  is  deduced  from  P-  and  S-velocity  models  obtained  using  the  Thurber’s 
3D  iterative  simultaneous  inversion  method.  The  seismic  network  crossed  the 
main  structures  of  the  Andean  chain  in  northern  Chile  and  southern  Bolivia 
(20S),  from  the  Coastal  Cordillera  to  the  Subandean  Zone.  .4t  shallow  depth, 
variations  of  Poisson’s  ratio  and  P-wave  velocity  are  closely  related  and  a  good 
agreement  between  Poisson’s  ratio  and  geological  structures  is  observed.  In 
the  lower  crust,  large  variations  of  Poisson’s  ratio  are  observed  while  P-wave 
velocity  is  more  homogeneous.  Our  model  confirms  that  crustal  shortening  and 
magmatic  addition  are  involved  in  the  thickening  of  the  .4ndean  crust.  Poisson’s 
ratio  model  supports  the  idea  of  large  areas  of  partially  molten  rocks  in  the 
lower  crust  beneath  the  W'estern  Cordillera.  Inversely,  beneath  the  Central 
Altiplano  Basin,  the  model  indicates  a  felsic  composition  and  is  consistent  with 
thickening  by  compressive  shortening.  Therefore  thickening  of  the  Andean  crust 
can  be  roughly  estimated  to  be  due  to  magmatic  addition  between  69W  and 
68W'  and  crustal  shortening  east  of  68\V. 


1D  VELOCITY  MODEL  ESTIMATION  IN  COSTA  RICA,  CENTRAL 
AMERICA 

Ronnie  Quintero  and  Federico  GOendel  (Observatorio  Vulcanologico  y 
Sismolpgico  de  la  Universidad  Nacional  de  Costa  Rica;  e-mail: 
rq@geofys.uu.se,  fgu@geofys.uu.se) 

Earthquake  activity  occurring  in  Costa  Rica,  and  its  vicinity,  confined  to  an 
area  7  -12°  N  and  82  -' 88°W,  with  a  depth  range  of  O-to-250  km,  and 
recorded  by  the  Universidad  Nacional  de  Costa  Rica  seismographic  network 
(OVSICORI)  during  the  period  1984-to-1997,  has  been  accurately  relocated 
and  simultaneously  inverted  for  the  minimum  1 D  velocity  model.  We  used 
hypdcenter  distributions  and  focal  mechanisms  to  investigate  the  stress  field 
generated  by  earthquakes  within  this  region.  Epicenters  of  the  relocated 
earthquakes  are  distributed:  along  the  subduction  zone,  the  Panama 
Fracture  Zone,  a  transcurrent  plate  boundary  that  traverses  central  Costa 
Rica  from  west  to  east,  the  North  Panama  Deformed  Belt  and  the  Hess 
Escarpment,  In  general  relocated  events  have  small  location  errors  and  a 
RMS  of  0.2  sec,  approximately  Recorded  events  were  relocated  at  different 
depths,  with  relatively  homogenous  distribution  in  the  upper  20  km.  Below 
this  depth,  relocated  earthquakes  are  mainly  concentrated  along  the  main 
thrust  zone  and  within  the  subducted  Cocos  plate. 


DELIMITATION  OF  DOMAINS  WITH  UNIFORM  STATE  OF 
STRESS  IN  THE  WADATI-BENIOFF  ZONE  BENEATH  JAVA 

A.  Slancova  (1),  A.  §pi£ak  (1) 

(1)  Geophysical  Institute,  Academy  of  Sciences  of  the  Czech 
Republic,  Prague;  e-mail:  alice@ig.cas.cz:  ph.  420-2-67103021 

Tectonic  stress  analysis  in  the  Wadati-Benioff  zone  beneath  Java  was 
performed  by  means  of  the  method  of  Gephart  and  Forsyth  (1984) 
using  P-  and  T-  axes  parameters  from  Harvard  Centroid  Moment 
Tensor  Solutions  1977-1995. 

The  analysis  led  to  the  delimitation  of  five  domains  with  uniform 
tectonic  stress,  which  clearly  differ  in  principal  stress  directions.  The 
domains  form  belts  parallel  to  the  plate  boundary  from  the  very 
beginning  of  the  slab  to  its  maximum  depth.  The  stress  changes  along 
the  plate  boundary  were  much  less  pronounced  than  the  changes  with 
depth.  The  slab  is  aseismic  between  individual  domains.  The  tectonic 
stress  zonation  was  compared  with  some  other  subduction  zones  (e  g. 
Sumatra). 


ANCORP’96;  AN  IMAGE  OF  FLUID  ESCAPE  FROM  SUBDUCTION  ZONE 
IN  ANDES  ? 

S.  V.  Sobolev,  O.  Oncken  and  ANCORP  Working  Group 
(GeoForschungsZentrum  Potsdam,  Stephan  @2fz-D0tsdam.de1 

Two  strong  reflective  zones  are  imaged  at  a  depths  of  20-30  km  and  40-80  km  in  the 
Central  Andean  forearc  at  2I°S  as  a  result  of  ANCORP’96  experiment.  Deep 
reflective  zone  (Nazca  reflector)  is  dipping  sub-parallel  to  the  Wadati-Benioff  zone, 
but  is  by  20  km  above  it .  Intensity  of  the  Nazca  reflector  increases  downdip  with  the 
brightest  reflections  at  the  65-75  km  depth  range  but  abruptly  decreases  deeper  than 
80  km.  Both  brightest  part  of  the  Nazca  reflector  and  shallow  reflection  zone  (QB 
bright  spot)  are  exceptionally  bright  reflectors  with  estimated  apparent  reflectivity 
coefficients  higher  than  0.2. 

Three  interpretations  of  the  Nazca  reflector  are  discussed  in  which  it  is  associated 
either  with  the  active  metamorphic-reaction  front  in  the  mantle  of  upper  plate  or 
with  friction  melting  within  intraplate  shear  zone  or  with  subducted  eroded 
continental  material.  Those  different  models  could  be  efficiently  distinguished  from 
joint  interpretation  of  P-  and  S-  wave  reflections  which  is  however  limited  because 
only  vertical-component  seismic  records  are  available. 

The  preferred  model  explains  both  Nazca  reflector  and  QB  bright  spot  as  fluid  traps 
located  at  a  fronts  of  recent  hydration  of  the  mantle  (Nazca  reflector)  and  crust  (QB 
bright  spot)  the  fluids  being  supplied  by  the  dehydration  of  the  subducting  Nazca 
plate.  If  this  model  is  correct  than  intermediate  earthquakes  within  the  plate  can  not 
be  directly  associated  with  the  dehydration  of  the  subducting  plate. 


NONLINEAR  INVERSION  OF  TELESEISMIC  P  WAVE  TRAVEL 
TIME  RESIDUALS  IN  NORTH  WESTERN  ITALY 
D.  Spallarossa,  S.  Parolai,  M.  Cattaneo  and  C.  Eva 

Dipartimento  Scienze  della  Terra,  Universita’  di  Genova,  Viale  Benedetto 
XV75,  16132  Genova,  Italy. 
danieleCdister.unige. it 

.A.bout  8000  teleseismic  P  wave  arrival  times  have  been  picked  from  490  earth¬ 
quakes  recorded  by  regional  and  temporary  seismic  networks  installed  in  North 
Western  Italy  and  surrounding  regions. 

The  travel  time  residuals  have  been  computed  considering  as  starting  velocity 
structure  the  I.4SPEI  91  radial  Earth  velocity  model  and  then  inverted  using 
a  non  linear  inversion  procedure. 

Synthetic  tests  have  been  carried  out  to  determine  the  influence  of  a  three  di¬ 
mensional  ray  tracer  on  the  tomographic  images,  when  structures  with  large 
velocity  gradients  exist. 

The  three-dimensional  model  confirms  the  presence  of  strong  lateral  hetero¬ 
geneities  in  the  litho-asthenospheric  system.  In  the  shallower  layers  high  and 
low  velocity  anomalies  follow  the  structural  behaviour  of  the  Alpine-.4penninic 
chains.  In  the  deeper  layers  the  tomograms  reveal  with  unprecedented  accuracy 
the  location  and  shape  of  the  already  known  high  velocity  anomaly  beneath  the 
North  Western  Po  Plain.  Moreover,  looking  at  the  seismicity  of  the  investigated 
region,  the  deepest  events  were  found  to  be  confined  in  the  anomalously  high 
P  wave  velocity  zone. 


THE  CHARACTERISTICS  OF  STRESS  FIELD  IN  THE  HUALIEN  AREA, 
EASTERN  TAIWAN  REVEALED  FROM  EARTHQUAKE  RUPTURE 
PROCESS 

Yeon?  Tein  Yeh  and  Ting-To  Yu 
Institute  of  Earth  Sciences,  Academia  Sinica 

P  O  Box  1-55  Nankang,  Taipei,  Taiwan,  e-mail:  ytyeh@earth. sinica. edu.tw 

The  Hualien  area,  eastern  Taiwan,  is  around  the  collision  boundary  of  the 
Philippine  Sea  and  Eurasian  Plates.  The  abnormal  seismic  related  phenomena  often 
reveal  the  complexity  of  the  stress  field  at  this  particular  region.  In  this  paper,  we 
used  the  inverted  earthquake  rupture  processes  and  the  data  obtained  from  Global 
Position  System  (GPS)  to  discuss  the  characteristics  of  local  stress  field  in  the 
Hualien  area.  The  seismograms  of  local  network  and  of  some  teleseismic  data  were 
used  to  invert  the  distribution  of  stress  drops  and  slips  over  the  fault  planes  for 
some  earthquakes.  Based  on  the  inverted  results,  the  theoretical  coseismic 
displacement  fields  produced  by  earthquakes  were  computed  and  compared  with 
the  GPS  measurements.  The  controlled  parameters  in  inversion  are  slip,  rake, 
rupture  velocity,  and  rise  time  at  each  sub-fault.  Genetic  Algorithms  was  used  in 
searching  the  minimum  misfit  between  the  observed  and  synthetic  seismograms. 

By  contouring  the  parameters  for  all  sub-faults  of  a  certain  event,  the  rupture 
process  and  its  dynamic  property  can  be  inferred.  The  results  show  the  earthquakes 
studied  possess  different  rupture  patterns.  The  stress  build-up  and  release  at  eastern 
Taiwan  is  extremely  localized.  The  compound  earthquakes  within  30  km  in 
distance  and  1 7  hours  of  lag  time  in  this  region  did  not  induced  by  the  same  stress 
system. 
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Co-Convener;  Blundell,  D.J. 
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COMPARISON  OF  GEOELECTRIC  STRUCTURE  FOR  BELORUSSIAN 
CRISTALI.INE  MASSIVE  AND  UKRAINIAN  SHIELD 

V,y»Astapcnko.Cli  A.l  Inuerov  (2) ,  I.I.Rokityatisky  (2), 

(l)lnbtitute  of  Geochemistry  and  Geophysics.  Minsk,  Belorussia 
{2)Geopliysical  Research  Laboratory  «Slavuta» 

33,  Karl  Marx  Ave.,  Dniepropetrovsk,  320044,  Ukraine 

tel/fax.:  +38-0562  476-777,  E-mail:  root@slavuta.dnepropctrovsk.ua 

llelortissian  Crisalline  Massive  (BCM)  and  Ukrainian  Shield  (USh)  are 
separated  by  Pripyat  Depression  ofapproxiinalely  100  km  widili.  Several 
hundreds  of  deep  MTS  were  made  in  Iramcworks  of  liUROPROBP  atid 
EUROBRIDGE  projects.  The  level  and  form  of  M'fS  curves  are  ap¬ 
proximately  the  same  both  for  the  tiorth-west  part  of  USh  (Viiitiitsa  /.oite 
of  Podol’s  yeoblock)  and  BCM.  Cross-section  of  the  region  includes 
ntodenilely  condttcliny  crustal  conductors  of  integral  coitduclivily  500- 
1 500  Sm  with  depth  of  tipper  one  be  etitial  10-15  km.  I  he  border  of  USh 
attd  BCM  geoelectric  similarity  is  traced  by  Devladov  regional  deep  latill 
in  the  south  and  Talnov  deep  fanll  in  the  east.  To  sonlh  and  especially  to 
east  from  this  border  crustal  conductivity  increttses  up  to  2000  -  5000  Sm 
attd  is  characterized  by  strong  spatial  initonuigeniely. 


MAGNETIC  EVIDENCE  FOR  THE  GEOMETRY  OF  THE  EAST¬ 
ERN  MARGIN  OF  THE  EAST  EUROPEAN  CRATON 
C  -Ayala  (1),  GS  Kimbell  (1),  D  Brown  (2),  C  Juhlin  (3)  and  YP  Menshikov  (4) 
(1)  BGS,  Keyworth,  Nottingham,  UK,  (2)  ITCJA,  Barcelona,  Spain,  (3)  Upp¬ 
sala  University,  Sweden,  (4)  BGE,  Scheelit,  Russia. 

The  eastern  part  of  the  East  European  Craton  (EEC),  adjacent  to  the  Mid¬ 
dle  and  Southern  Urals,  is  characterised  by  broad,  large  amplitude  magnetic 
anomalies  due  to  sources  within  the  crystalline  basement.  These  most  com¬ 
monly  have  E  to  NE  trends,  and  contrast  markedly  with  the  N-trending,  shorter 
wavelength  anomalies  over  the  accreted  terranes  of  the  Uralide  orogenic  belt 
to  the  east.  The  trace  of  a  line  drawn  along  the  truncation  of  the  characteristic 
EEC  anomalies  has  been  compared  with  structures  mapped  at  outcrop  and 
with  seismic  reflection  data  from  four  E-W  transects.  Typically,  it  is  offset  to 
the  west  of  the  Main  Uralian  Fault,  crossing  Precambrian  units  which  were 
subject  to  relatively  modest  westward-directed  thrusting  during  the  Uralian 
orogeny.  In  contrast,  the  magnetic  models  require  either  a  major  down-to-the- 
east  displacement  of  underlying  magnetic  basement  or  juxtaposition  of  dis¬ 
similar  basement  units.  The  Zuratkul  Fault  separates  sedimentary  units  with 
different  pre-Vendian  deformation  histories  and  thus  could  separate  underlying 
rocks  with  different  magnetisations.  However,  the  fault  inferred  from  seismic  ev¬ 
idence  and  the  modelled  magnetic  margin  do  not  coincide  precisely.  \\  hatever 
its  relationship  with  surface  structures,  it  appears  likely  that  the  truncation 
.of  EEC  crystalline  basement  occurred  during  pre-UTalian  times  and  was  most 
probably  associated  with  early  Riphean  rifting  and  \endian  convergence. 


CRUSTAL-SCALE  STRUCTURE  OF  THE  FOOTWALL  TO  THE 
SUTURE  ZONE,  SOUTHERN  URALS 

n.  Brown  (1),  J.  Alvarez-Mairon  (1),  C.  Juhlin  (2),  A.  Perez-Estaun  (1),  V. 
Puchkov  (3),  C.  Ayala  (4),  G.  Kimbell  (4)  and  Y.  Gorozhanina  (3) 

(1)  ICTJA,  CSIC,  Barcelona,  (2)  Department  of  Geophysics,  Uppsala  University, 
Uppsala,  (3)  Ufimian  Geoscience  Center,  RAS,  Ufa.  (4)  BGS,  Keyworth 

The  footwal!  to  the  suture  zone  (the  Main  Uralian  fault)  in  the  southern  Urals 
consists  of  a  west-vergent  thrust  stack  that  developed  in  two  main  stages.  Integration 
of  reflection  seismic  profiling  and  potential  field  data  with  suucniral  field  mapping 
show  the  crustal-scale  architecture  to  be  an  imbricate  thrust  system  of  the  foreland 
thrust  and  fold  belt,  structurally  overlain  by  a  stack  of  allochthons.  Depth  to 
detachment  calculations  made  from  field  data  and  reflection  seismic  profiles  suggest 
that  the  basal  thrust  of  the  foreland  thrust  and  fold  belt  is  located  within  the 
Precambrian  basement  of  the  East  European  Craton,  and  it  cuts  continuously  up 
section  towards  the  west.  Potential  field  data  help  correlate  the  stractural  architecture 
with  pre-existing  basement  features.  Shortening  is  calculated  to  be  17  km. 
Deformation  in  the  imbricate  thrust  system  occurred  from  Late  Carboniferous  to 
Early  Triassic  times.  The  allochthons  overlying  it  comprise  an  accretionary  complex 
whose  development  and  emplacement  can  be  related  to  the  arc-continent  collision 
that  occurred  between  the  Magnitogorsk  arc  and  the  East  European  Craton  during  the 
Late  Devonian  to  Early  Carboniferous.  The  timing  and  mechanism  of  final 
emplacement  of  the  highest  structural  unit,  the  Kraka  ophiolite,  is  not  well  known. 
The  allochthons  were  carried  in  piggy-back  fashion  during  foreland  thrust  and  fold 
belt  development.  The  reflection  seismic  profiles  image  the  base  and  internal 
stmcture  of  the  accretionary  complex  and  its  contact  relationships  with  the 
structurally  underlying  deformed  East  European  Craton.  The  entire  thrust  stack  is 
bounded  to  the  east  by  the  Main  Uralian  fault,  which  also  forms  the  mechanical 
boundary  between  the  accretionary  complex  and  the  Magnitogorsk  arc. 


PALAEOMAGNETTSM  OF  PROTEROZOIC  ROCKS  FROM  THE 
UKRAINIAN  SHIELD  AND  THE  CONSOLIDATION  OF  THE  EAST 
EUROPEAN  CRATON 

S.-A.  Elming  (1),  N.P.  Mikhailova  (2)  and  S.  Kravchenko  (2) 

(1)  Department  of  Applied  Geophysics,  LuleS  University,  Sweden. 

(2)  Geophysical  Institute,  Academy  of  Science,  Kiev,  Ukraine. 
Sten-j^e.Elming@sb.luth.se 

A  palaeomagnetic  study  has  been  performed  on  Palaeo-Mesoprolerozoic 
rocks  sampled  from  three  different  crustal  blocks  of  the  Ukrainian  Shield. 
Characteristic  magnetizations  were  defined  in  1.77-1.72  Ga  anorthosites, 
basic  dykes  and  in  a  2.0  Ga  monzonite.  On  basis  of  these  results  ^ sequence 
of  2.0  Ga  to  1.72  Ga  apparent  polar  wander  was  defined  for  the  Ukrainian 
Shield  and  Sarmatia.  These  poles  are  significantly  different  from  the  APWP 
of  Fetmoscandia  and  the  calculated  orientations  and  positions  of  Sarmatia 
during  this  time  demonstrate  that  it  was  not  in  its  present  position  relative 
Fenno-scandia.  One  pole  of  a  basic  dyke  fall  on  the  APWP  of  Fetmoscandia 
and  may  indicate  that  the  time  of  accretion  of  Fetmoscandia  to  Sarmatia  is 
between  1.72  Ga  and  1.58  Ga.  Sarmatia  and  Fetmoscandia  may  have  formed 
a  part  of  a  supercontinent  that  was  assembled  in  the  Mesoproterozoic. 


NARS:  SEISMIC  STUDIES  OF  THE  EUROPEAN  MANTLE  US¬ 
ING  MOBILE  BROADBAND  STATIONS 
H.  Paulssen 

Deptartment  of  Geophysics,  Utrecht  University,  P.O.  Box  80.021,  3.508  T.A 
Utrecht,  The  Netherlands. 

The  history  of  the  Network  of  Autonomously  Recording  Seismographs  (N’.ARS) 
now  spans  15  years.  During  this  time  the  14  broadband  stations  of  this  net¬ 
work  have  been  employed  in  different  configurations:  as  a  linear  array  from 
south  Sweden  to  southern  Spain,  in  Iberia,  in  The  Netherlands  and  its  imme¬ 
diate  surroundings,  in  the  former  Soviet  Union,  and  in  Finland.  Seismic  results 
have  been  obtained  in  many  different  studies,  among  which  a  3-D  surface  wave 
inversion  of  the  upper  mantle  shear-velocity  structure,  measurements  of  seis¬ 
mic  anisotropy  using  shear-wave  splitting  and  surface  wave  inversion,  and  local 
studies  of  crustal  structure.  In  this  presentation  an  overview  is  given  of  the 
various  types  of  studies  carried  out  using  the  NARS  data  in  relation  to  the 
structure  of  the  European  continent.  Emphasis  is  given  on  recent  results  of  the 
seismic  structure  beneath  the  East  European  Platform. 
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NEW  QUANTITATIVE  APPROACH  TO  ESTIMATE  THE  SEDIMENTARY 
BASINS'  UPLIFT:  IMPLEMENTATION  TO  THE  DNIEPR-DONETSK  BASIN, 
UKRAINE 


S.  Stovba  (1),  V.  Shymanovskyi  (2) 

(1)  Ukrgeofizika,  Kyiv,  Ukraine 

(2)  National  University  of  Kyiv,  shyv@techcentr.webber.net.ua 

A  numerical  technique  to  estimate  the  sedimentary  basins^  uplift  during 
inversion  tectonic  activity  is  proposed.  It  is  based  on  backstripping  technique, 
on  forward  modelling  and  on  new  developed  approach.  The  forward 
modelling  is  based  on  two-layer  stretching  assumptions,  for  the  thermal 
calculations  a  numerical  finite  difference  method  was  used,  which  allows 
incorporation  of  finite  and  multiple  stretching  phases.  In  a  new  offered 
technique  the  eroded  thickness  is  reconstructed  in  a  way  by  variation  its 
initial  minimal  value  and  from  lithology  of  full  stratigraphic  sections.  Uplift 
value  is  determined  as  difference  between  observed  basement  subsidence  and 
new  calculated  basement  subsidence  for  restored  thickness.In  the 
Dniepr-Donets  Basin,  the  amount  of  Permian  uplift,  calculated  for  thirty 
startigraphic  sections  located  in  the  south-eastern  flank,  is  up  to  2000  m. 
Along  with  interpretation  seismic  data,  lithology  and  in  combination  with 
forward  modelling  a  reconstruction  of  basins^  uplift  is  possible. 


SE19  The  Trans  European  Suture  Zone  (TESZ) 

Convener;  Thybo,  H. 

Co-Conveners:  Guterch,  A.;  Pharaoh,  T.C. 


THE  BALTICA-AVALONIA  SUTURE  in  the  SE  North  Sea 
Tanni  Abramovitzl,  Hans  Thybo2  and  MONA  LISA  Working  Group 
1)  United  States  Geological  Survey,  345  Middlefield  Road,  MS  977,  Menlo  Park. 
CA  94325,  USA;  2)  Geological  Institute,  University  of  Copenhagen,  0ster  Voldgade 
10,  DK-1350  Copenhagen  K,  Denmark 

The  concealed  Caledonian  Baltica-Avalonia  Suture  in  the  SE  North  Sea  is  a 
transitional-type  crust  separating  a  three-layered,  high-velocity  Baltica  shield-type 
crust  to  the  north  from  and  a  two-layered  low-velocity  Caledonian-type  crust  to  the 
south.  The  crustal  velocity  models  are  very  similar  along  the  two  sub-parallel,  N-S 
trending  MONA  LISA  profiles  MLl  and  ML2,  but  there  is  a  major  difference  in  the 
reflectivity  and  the  velocity  structure  of  the  uppermost  mantle.  Strong  S-  to  W- 
dipping  mantle  reflections  are  imaged  by  normal-incidence  and  wide-angle 
reflections  along  MLl,  ML2  and  the  E-W  trending  ML3;  but  only  resolved  by 
refraction  phases  along  ML2  as  a  high-velocity  (8.65  -  8.8  km/s)  layer.  Weaker  N-  to 
E-dipping  normal-incidence  mantle  reflections  are  observed  along  MLl  and  ML3 
which  are  not  seen  along  ML2  because  the  profile  is  located  to  the  south  of  the  NE- 
dipping  structure.  This  structural  difference  indicates  a  change  from  east  to  west  in 
the  lateral  extent  of  the  features  which  we  interpret  as  Caledonian  inherited  upper 
mantle  structures.  Additionally,  the  mantle  velocity  above  the  NE-dipping  reflector 
is  low  (7.8  -  8.1  km/s).  We  interpret  this  as  former  Baltica  lower  crust  transformed 
into  eclogite  facies  by  high  pressure,  low  temperature  metamorphism  as  a  result  of 
Caledonian  lithospheric  flexure.  The  N-  to  E-dipping  mantle  event  is  interpreted  as 
the  Tornquist  Sea  subduction  zone,  which  is  overprinted  by  the  younger  S-  to  W- 
dipping  mantle  event  -  a  late-Caledonian  or  Late  Carboniferous  to  Early  Permian 
mantle  shear  zone.  The  high  velocity  mantle  is  consistent  with  velocity  anisotropy 
from  "frozen-in"  alignment  of  elongated  mafic  minerals  in  rocks  of  peridotitic 
composition. 


EFFECTS  OF  3D  CRUSTAL  STRUCTURE  ON  TELESEISMIC 
WAVEFRONTS  REGISTERED  AT  THE  TOR  ARRAY 

R.  Arlitt  (1),  E.  Kissling  (1)  and  J.  Ansorge  (1) 

(I)  Institute  of  Geophysics,  ETH  Honggerberg,  CH-8093  Zurich,  Switzerland. 
robertCtomo .  if  g .  ethz .  ch/Fax:  -f 41-1-633- 1065 

The  determination  of  a  reliable  3D  image  of  the  lower  lithosphere  and  astheno- 
sphere  by  inversion  of  teleseismic  traveltime  residuals  obtained  from  the  TOR 
seismic  array  requires  a  priori  correction  for  3D  crustal  effects.  Crustal  travel- 
time  contributions  are  determined  by  tracing  teleseismic  wavefronts  through  a 
parametrized  3D  crustal  structure.  We  compiled  a  simplified  3D  velocity  model 
for  the  crust  and  uppermost  mantle  for  the  region  encompassing  northern  Ger¬ 
many,  the  Tornquist  zone  in  Denmark,  and  southern  Scandinavia.  The  network 
of  active  seismic  profiles  in  the  area  was  used  to  derive  a  simplified  model  of 
the  crustal  structure  and  the  Moho  topography.  The  model  is  based  mainly 
upon  results  from  FENNOLOR-A.  EUGENO-S,  and  EUGEMI  projects  as  part 
of  the  European  Geotraverse  (EGT)  as  well  as  BABEL,  MONALISA,  and  a  few 
smaller  projects.  The  derived  Moho  interface  contains  the  same  basic  features 
of  previous  Moho  maps.  Traveltime  contributions  of  3D  crustal  structure  are 
calculated  from  this  3D  crustal  model  to  correct  observed  teleseismic  travel- 
times  for  local  crustal  effects.  The  remaining  relative  traveltime  residuals  will 
be  interpreted  in  terms  of  lateral  inhomogeneities  in  the  lower  lithosphere  and 
the  topography  of  the  Hthosphere-asthenosphere  boundary.  Areas  with  simi¬ 
lar  traveltime  residuals  allow  to  filter  out  erroneous  phase  identifications  and 
correlations  and  thus  reduce  error  in  the  data. 


CRUSTAL  STRUCTll^  OF  THE  NE-GERiMAN  BASIN,  INFERRED 
FROM  GEOLOGICAL  AND  GEOPHYSICAL  DATA  AND  MODELS 

U.  Bayer"'.  L.  Barrio-Alvers'’*,  Th.  Beilecke^^\  H.-J.  Gotze*"’,  Ch.  Kraweyk*'*,  R. 
OiKlraV".  W.  Rabbel'^’.  M.  Scheck 

( 1 )  GeoforschungsZenrrum  Potsdam,  Germany,  Fax  (+49)  (33 1 )  288  1328 

(2)  Freie  Universitiii  Berlin,  Germany,  Fax  (+49)  (30)  775  3078 

(3)  Universitat  Kiel,  Germany,  Fax  (+49)  (431)  880  4432 

Tire  NE-Gemian  Basin  is  part  of  the  so  called  Southern  Permian  Basins  along  the 
TESZ.  The  Permian  thermal  event  almost  certainly  affected  the  upper  mantel  and 
the  lower  crust  and.  therefore,  may  have  modified  the  ‘crustal  memory'  with 
regard  to  Caledonian  and  Variscian  events.  Additional  tectonic  events  affected  the 
area  during  the  Mesozoic  and  a  sedimentary  sequence  of  up  to  8  km  thickness 
accumulated  since  the  late  Paleozoic,  covering  key  areas  of  the  TESZ. 

Here  we  report  about  the  attempt  to  integrate  a  variety  of  geological  and 
geophysical  data  in  order  to  reveal  at  least  the  present  day  deep  crustal  structure  of 
the  NE-German  basin.  Based  on  geological  and  geophysical  data,  which  have  been 
provided  by  the  oil-industry  in  East  Germany,  and  by  the  deep  seismic  line 
BASIN'96,  shot  by  DEKORP  in  1996,  an  interdisciplinary  and  interinstiuitional 
attempt  is  made  to  integrate  all  available  data  into  a  concise  model.  Special  focus 
will  be  taken  at  the  detailed  geological  information,  the  available  reflection  seismic 
data,  gravimetric  and  magnetic  data,  and  last  not  least  the  wide  angle  refraction 
seismic  data  concerning  the  deep  crustal  velocities. 
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TOR  -  TELESEISMIC  INVESTIGATION  OF  THE  TRANSEUROPEAN 
SUTURE  ZONE 

BudwegM.  (I),  Busche  H.  (1),  Rabbel  W.  (1),  Woelbem  I.  (1),  TOR-working  group, 
DEKORP-working  group 

(1)  Institute  of  Geophysics,  University  of  Kiel,  Kiel,  Germany 
wrabbel@geophysik.uni-kiel.de 

The  EUROPROBE  project  TOR- 1  is  a  teleseismic  investigation  of  the  northern  section 
of  the  Transeuropean  Suturezone  (TESZ).  The  TOR- 1  profile  is  900  km  long  reaching 
approximately  from  Bielefeld  (Germany)  to  Stockholm  (Sweden).  It  crosses  prominent 
tectonic  features  of  Central  and  Northern  Europe  such  as  the  Sorgenfrei-Tomquist 
Zone,  the  North  German-Danish  Basin,  the  Caledonian  Suture  and  the  Lower  Elbe 
Lineament.  During  the  main  phase  of  data  acquistition,  from  Oct  96  to  April  97, 
approx.  120  mobile  seismic  recording  units  were  in  the  field,  30  broadband  stations 
even  for  more  than  one  year.  The  spatial  tomographic  resolution  will  be  in  the  order  of 
20-30  km.  To  the  east  the  area  of  investigation  is  bounded  by  the  most  recent 
DEKORP  profile  BASIN  96  providing  seismic  velocities  and  near  vertical  reflection 
imaging  of  deep  crust  of  the  NE  German  Basin.  The  DEKORP  measurements  are  an 
excellent  basis  for  integrating  detailed  crustal  information  and  teleseismic 
measurements.  We  present  first  results  based  on  selected  teleseismic  events  and  crustal 
seismic  investigations. 


ANISOTROPY  ACROSS  THE  TESZ  FROM  SHEAR-WAVE 
SPLITTING 

J.  Gossler  (1),  K.  Wylegalla  (1),  G.  Bock  (1)  and  TOR  Working  Group  (*2) 
(1)  GeoForschungsZentrum,  Telegrafenberg,  D-14473  Potsdam. 
wyleCgfz-potsdam.de/Fax:  [49]  331  288  1277 

During  the  TOR-1  passive  seismic  experiment  in  1996/97  a  maximum  of  133 
temporary  seismograph  stations  were  operating  over  the  Sorgenfrei-Tomquist 
Zone  (STZ)  in  an  area  extending  from  northern  Germany  to  central  Sweden. 
Of  the  133  stations,  29  were  equipped  with  broad-band  seismometers.  One  of 
the  objective  of  the  experiment  is  to  study  horizontal  anisotropy  directions 
in  the  subcrustal  lithosphere  and  asthenosphere  across  the  Trans  European 
Suture  Zone.  To  achieve  this  goal,  broad-band  data  from  the  TOR  stations 
and  additional  stations  of  permanent  networks  were  analyzed  for  splitting  of 
SKS  phases.  As  a  result  of  the  dense  station  spacing,  the  method  offers  good 
lateral  resolution  of  anisotropy.  Preliminary  results  suggest  that  the  directions 
of  the  fast  horizontal  S  wave  velocity  are  affected  by  the  STZ.  In  central  Eu¬ 
rope  and  southern  Sweden,  far  away  from  the  STZ,  feist  S  wave  directions  are 
approximately  E-W  while  they  turn  more  northerly  closer  to  the  STZ.  Our 
observations  may  indicate  that  mantle  flow  in  the  asthenosphere  is  deflected  at 
depths  greater  than  100  km  beneath  the  STZ. 


THE  VARISCAN  BELT  IN  CENTRAL  EUROPE: 

GEOLOGY  AND  GEOPHYSICS 

W.Franke  (1)  and  O.Oncken  (2) 

(1)  Institut  fur  Geowissenschaften,  Universitat  GieBen, 

(2)  Geoforschungszentnim  Potsdam 

The  Variscan  belt  of  Europe  is  a  collage  of  microplates  (Avalonia, 
Armorican  archipelago)  set  between  Laurentia,  Baltica  and  Gondwana 
mainland.  The  geological  record  reveals  important  crustal  extension  in 
Cambrian  and  Ordovician  times,  subduciion  of  separating  oceans  from 
the  Silurian  onwards,  and  collision  during  the  Late  Devonian.  Collisional 
shortening  took  place  in  a  regime  of  (mostly)  dextral  iranspression. 
Orthogonal  shortening  amounts  to  at  least  700  km. 

Plate  boundaries  are  steeply  inclined,  and  well-defined,  even  under 
younger  cover,  by  sharp  magnetotelluric  anomalies.  The  DEKORP  grid 
of  high-resolution  reflection  seismic  lines  permits  structural  analysis  in 
3D.  In  the  Rhenohercynian  foreland  fold  &  thrust  belt,  crustal  extension 
was  more  pronounced  E  of  the  River  Rhine  than  in  the  W  (Ardennes). 
This  resulted  in  a  more  thick-skinned  tectonic  regime  in  the  E.  Seismic 
profiles  across  the  Rhenohercynian  belt  reveal  the  contrasting  styles  of 
deformation,  as  well  as  tectonic  underplating,  antiformal  stacking  and 
backthrusting  in  the  orogenic  hinterland  (Mid-German  Crystalline  High). 
In  the  Saxothuringian  belt  adjacent  to  the  SE,  seismic  profiling  has 
yielded  superb  evidence  of  long-distance  transport  of  thin-skinned  thrust 
sheets.  Recent  profiles  reveal  a  laterally  persistent  metamorphic  core 
complex  in  the  Saxothuringian  subsurface,  exposed  the  Saxonian 
Granulite  antiform.  The  granulites  were  probably  emplaced  by  extrusion 
from  the  hot  orogenic  root  to  the  SE. 


REMAGNETIZATION  OF  DEVONIAN  CARBONATES  FROM  THE  HOLY 
CROSS  MTS  (CENTRAL  POLAND). 

J.  Grabowski  f  !>  and  J.  Nawrocki  (1) 

(1)  Polish  Geological  Institute,  Rakowiecka  4, 00-975  Warsaw,  Poland. 
jgra@pgi.waw.pl/fax:  (48  22)  49  53  42 

Paleoma^etic  studies  of  the  Middle-Upper  Devonian  carbonate  rocks  in  the  Holy 
Cross  Mts  (HCM)  were  carried  out.  Oxidized  rocks  containig  goethlte  and  hematite 
(10%  of  collection)  revealed  the  presence  of  post-folding  remagnetization  of  the 
Late  Carboniferous/Early  Permian  age.  The  poles  of  these  components  are  situated 
on  the  apparent  polar  wander  path  (APWP)  of  the  Old  Red  Continent.  In  the 
remaining  part  of  the  collection  magnetite/maghemite  and  magnetic  sulphides  were 
dominant  magnetic  minerals.  The  age  of  magnetization  was  synfolding  in  one 
locality  and  either  pre-  or  synfolding  in  four  others.  The  poles  of  these  components 
are  shifted  to  the  NW  from  the  reference  Old  Red  APWPs.  Our  data  could  point  to 
the  Variscan  mobilism  of  the  entire  HCM  area  which  could  be  either  rotated 
clockwise  or  displaced  along  the  dextral  strike-slip  fault  along  the  SW  edge  of  the 
East  European  Platform,  in  the  time  between  Early  Devonian  and  Early 
Carboniferous.  This  model  would  require  a  significant  (10-30  Ma)  diachronism  of 
Variscan  folding  in  some  parts  of  the  HCM  which  is  so  far  not  supported  by 
geological  observations.  Therefore  an  alternative  explanation  is  suggested  that  pre- 
and/or  synfolding  components  could  be  strain  modified  magnetizations  and  they 
should  not  be  used  for  paleotectonic  reconstructions. 


The  TransEuropean  Suture  Zone  in  NE-Germany  - 
Implications  and  constraints  from  structural  studies, 
provenance  analysis  and  isotope  dating 

Giese.  U..  Katzung,  G.  &  Kramm,  U. 

1)  Institut  fur  Geologische  Wissenschaften  u.  G.,  University  Halle/ 
Wittenberg,  Germany 

Institut  fur  Geologische  Wissenschaften,  University  Greifswald, 
Germany 

Institut  fur  Mineralogie  und  Lagerstattenkunde,  RWTH  Aachen, 
Germany 

Palaeomagnetic  results  (Torsvik  et  al.,  1992,  1996)  show  that  Baltica 
and  Gondwana  were  separated  by  a  wide  Tornquist  Ocean  in  Early 
Palaeozoic  times.  Thus  the  origin  of  the  TransEuropean  Suture  Zone 
(TESZ)  can  be  seen  in  the  closure  of  the  Tornquist  Ocean  during 
Caledonian  times. 

The  most  representative  section  across  the  TESZ  including  the 
Tornquist-Teisseyre  Zone  (TTZ),  the  Caledonian  Deformation  Front 
(CDF)  and  the  TransEuropean  Fault  (TEF)  can  be  found  between 
Bornholm  (in  the  southern  Baltic  Sea)  and  NE-Germany. 

Structural  investigations  of  core  material  characterize  the  Caledonian 
deformation.  Provenance  analysis  and  isotope  dating  of  Palaeozoic 
clastic  sediments  help  to  address  each  structural  domain  to  its  crustal 
origin.  In  combination  with  the  recently  shot  DEKORP-profile  a 
thorough  interpretation  of  the  deeper  subsurface  of  the  southern  Baltic 
Sea  and  NE-Germany  appears  possible. 


EUROBRIDGE-95:  DEEP  SEISMIC  PROFILING  WITHIN  THE  EAST 
EUROPEAN  CRATON 

EUROBRIDGE  Seismic  Working  Group 

The  EUROBRIDGE  deep  seismic  sounding  profile  is  part  of  a  EUROPROBE 
project  to  examine  Palaeoproterozoic  processes  of  continental  collision  and  crustal 
accretion.  The  purpose  of  the  seismic  profile  is  to  establish  the  deep  lithospheric 
structure  of  the  East  European  Craton  between  the  exposed  Archaean  and 
Proterozoic  complexes  of  the  Baltic  and  Ukrainian  shields,  with  particular  interest 
in  the  contact  zone  between  Fennoscandia  and  Sarmatia.  The  thickness  of  the 
Phanerozoic  sedimentary  cover  decreases  from  2.2  km  in  the  northwest  at  the  Baltic 
Sea  coast  to  0.3  km  in  the  southeast  end  of  the  profile  near  to  the  Lithuania  - 
Belarus  border.  Crustal  thickness  varies  from  about  44  km  in  the  northwest  and 
central  part  of  profile,  increasing  to  about  50  km  in  the  southeast.  Ciystalline  upper 
crust  is  about  20  km  thick,  thinning  in  the  southeast,  with  P-wave  velocities  of  5.9- 
6.3  km/s.  A  very  weak  low  velocity  zone,  with  a  velocity  contrast  of  0. 1-0.2  km/s, 
occuis  at  8-13  km  depth  below  the  northwest  and  central  part  of  the  profile  only. 
Lower  crust  velocities  are  generally  6. 5-6.9  km/s.  It  thickens  in  the  southeast, 
where  P-wave  velocities  of  up  to  7.05  km/s  occur  in  its  deepest  parts.  Veiy  strong 
reflections  from  the  Moho  boundary  are  observed.  The  mantle  P-wave  velocity 
immediately  below  the  crust  is  8.2-8.35  km/s.  A  reflector  in  the  lower  lithosphere  at 
a  depth  of  almost  70  km  was  found  below  the  central  part  of  profile. 
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BALTIC  SHIELD  EDGE  TELESEISMIC  TOMOGRAPHY,  PROJECT  TOR 


Tor  working  group  (reporter  Soren  Gregersen) 

KMS.  Rentemestervej  8.  DK-2400  Copenhagen  NV,  Denmark 
srg@lans.min.dk.  Fax  +45  35  87  50  52 


The  data  of  the  largest  seismic  antenna  ever  in 
Europe  is  now  in  hand  for  interpretations  of  the  deep 
lithosphere  across  the  Tornquisl  Zone.  The  project  is 
part  of  Europrobe.  It  crosses  the  Trans-European 
Suture  Zone  with  markedly  different  crustal 
domains  in  Germany,  Denmark  and  Sweden.  In 
previous  deep  geophysical  studies  it  was  demonstra¬ 
ted  that  the  lithosphere  contrast  is  significant.  The  aim  of  the  project  is  to  delineate 
in  fine  scale  how  the  transition  occurs,  for  geological  unravelling  of  the  history. 
The  Tor  project  has  a  horizontal  resolution  of  20-30  km  compared  to  more  than 
100  km  in  the  previous  studies.  The  investigation  includes  P-wave  leleseismic 
travel-time  tomography  plus  S-wave  tomography,  anisotropy  and  many  inversion 
methods.  The  Tor  line  goes  along  a  well  studied  crustal  profile  of  an  earlier  project, 
so  that  sediments  and  crustal  structure  are  assumed  known,  and  the  inversion  efforts 
are  concentrated  on  the  deep  lithosphere  and  asthenosphcrc  differences  to  depths 
around  300  km.  The  Investigation  can  be  called  2‘/2  dimensional,  being  a  900  km 
profile  with  100  km  width  plus  a  few  seismographs  off  the  profile.  120  seismographs 
were  in  the  field  for  'A  year  in  1996  -  1997.  We  see  clear  differences  from  one  end  of 
Tor  to  the  other,  but  the  tomographic  inversions  are  still  in  preparation. 


NEW  INTERNATIONAL  SEISMIC  PROJECT  IN  THE  EUROPROBE  TESZ  / 
PANCARDI  PROGRAMME 

A.  Guterch  flL  M.  Grad  (2),  G.R.  Keller  (3),  and  H.  Thybo  (4) 

(1)  Institute  od  Geophysics,  Polish  Academy  of  Sciences,  Warsaw,  (2)  Institute  of 
Geophysics,  University  of  Warsaw,  Warsaw,  (3)  Department  of  Geological 
Sciences,  University  of  Texas  at  El  Paso,  El  Paso,  (4)  Geologicaal  Institute, 
University  of  Copenhagen,  Copenhagen 
mgrad@mimuw.edu.pl  /Fax  48-22-8222387 

One  of  the  major  tectonic  problems  in  Europe  concerns  the  southwest  margin  of  the 
East  European  Platform.  In  general,  this  margin  assumed  to  be  the  Tomquist- 
Teisseyre  Zone  (TTZ),  running  across  Europe  approximately  from  north-west  to 
south-east.  The  Polish  segment  of  TTZ  is  a  part  of  the  Trans  European  Suture  Zone 
(TESZ),  a  first  order  geotectonic  unit,  stretching  from  Black  Sea  to  the  British 
Islands.  Determination  of  deep  crustal  structure  of  the  contact  zone  between  the 
Precambrian  Platform,  the  Palaeozoic  Platform  and  Carpathian  Mts  was  the  main 
aim  of  the  deep  seismic  sounding  programme  in  SE  Poland  in  1965  -  1982.  In  the 
study  area  the  crustal  thickness  varies,  being  48  km  within  the  Precambrian 
Platform,  about  55  km  in  the  TTZ,  about  45  km  in  the  Holy  Cross  Mts  and  30  -  35 
km  in  the  Palaeozoic  Platform.  In  the  framework  of  the  new  programme  of  deep 
geological  investigations  in  Poland  there  are  proposed  for  the  SE  Poland  and 
Carpathian  Mts  new  DSS  refraction  and  wide  angle  reflection  profiles  and  near 
vertical  reflection  profiles  with  a  total  length  of  about  2500  km.  The  proposed 
program  will  be  correlated  with  EUROPROBE  PANCARDI  Project  in  Carpathian 
Mts  and  Pannonian  Basin. 


POLONAISE’97  -  INTERNATIONAL  SEISMIC  EXPERIMENT  BETWEEN 
PRECAMBRIAN  AND  VARISCAN  EUROPE  IN  POLAND 
POLONAISE  Working  Group  (reporter  A.  Guterch) 

Institute  of  Geophysics,  Polish  Academy  of  Sciences,  Warsaw, 
aguterch@karl  .igf.edu.p!  /  Fax.  (48)(22)  37  05  22 

W.  Czuba,  E.  Gaczyflski,  M.  Grad,  A.  Guterch,  T.  Janik,  R.  Materzok,  P.  Sroda, 
M.  Wilde-P16rko  (Poland),  S.  Lund  Jensen,  H.  Thybo  (Denmark),  S.  Harder, 
G.R.  Keller,  K.C.  Miller  (USA),  U.Luosto,  J.  Yliniemi  (Finland),  K.  Schuster,  A. 
Schulze  (Germany),  G.  Motuza,  V.  Nasedkin  (Lithuania),  C.E.  Lund  (Sweden) 

The  Permian  •  Mesozoic  Basin  in  Poland  forms  the  most  eastern  part  of  the 
Permian  •  Mesozoic  Central  European  Basins,  bordered  from  the  east  by  the  East 
European  Craton  (EEC)  and  from  the  southwest  by  the  Bohemian  Massif.  The  axis 
of  the  Basin,  called  the  Mid  •  Polish  Trough  (MPT),  parallels  the  edge  of  the 
EEC,  along  the  boundary  between  the  Phanerozoic  and  Proterozoic  European 
crustal  domains.  The  Polish  Trough  coincide  approximately  with  the  Tomqulsi  - 
Teisseyre  Zone  (TTZ).  The  Polish  segment  of  TTZ  is  a  part  of  the  Trans  - 
European  -  Suture  Zone  (TESZ),  a  first  order  geotectonic  unit,  stretching  from 
Black  Sea  to  the  British  Islands.  A  large  seismic  experiment,  just  completed  in 
Poland,  targeted  the  deep  structure  of  the  TESZ  and  the  complex  series  of  upper 
crustal  features  associated  with  it.  This  international  cooperative  effort,  is  known  as 
POLONAISE’97  Project.  The  final  experiment  is  perhaps  the  largest  entirely  land- 
based  lithospheric  seismic  experiment  ever  undertaken,  with  over  600  instruments 
being  deployed  to  record  63  shot  points  along  5  profiles  with  a  total  length  of  more 
than  2000  km.  Moreover,  5  multichannel  seismic  reflection  stations  (120  channels) 
recorded  all  shots. 


TELESEISMIC  P-CODA  STUDIES  ALONG  THE  TOR-PROFILE 

S.  Hock  (1),  M.  Korn  (1)  and  TOR  working  group  (2) 

(1)  Institute  of  Geophysics  and  Geology,  Leipzig,  D-04103  Germany. 
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During  the  international  project  TOR-1  (Teleseismic  TOmography 
TORnquist)  the  largest  seismic  network  ever  installed  in  Europe  was 
set  up  in  summer  1996  across  the  northern  segment  of  the  TESZ  and  operated 
for  a  one-year  period.  It  consisted  of  up  to  108  SP  and  31  BB  three  component 
stations  which  recorded  continuously  covering  an  area  of  approximately 
1000  km  length  and  100-200  km  width  stretching  between  northern  Germany 
and  southern  Sweden. 

Our  aim  is  to  determine  the  small  scale  random  structure  of  the  crust  and 
upper  mantle  across  the  TESZ  by  studying  the  time  and  frequency  behaviour 
of  the  coda  following  the  direct  P  arrived.  From  the  TOR  data  set  all  teleseismic 
events  with  depth  greater  than  50  km,  magnitude  m^  >  5.8  and  high  signal 
to  noise  ratio  in  the  whole  time  window  of  the  P  coda  have  been  selected. 
Typical  coda  envelopes  along  the  profile  will  be  shown.  Correlation  lengths 
and  rms  velocity  fluctuations  have  been  inverted  from  the  time  and  frequency 
behaviour  of  the  coda  envelopes  after  the  P  onset  using  a  modified  energy  flux 
model.  The  first  trial  of  mapping  the  statistical  parameters  with  their  lateral 
and  depth  dependent  variation  along  the  whole  profile  will  be  presented. 


CRUSTAL  STRUCTURE  FROM  SEISMIC  NEAR  VERTICAL  REFLECTION 
DATA  IN  THE  POLISH  BASIN 

A.  Guterch  (1),  M.  Grad  (2),  and  L.  Antonowicz  (3) 
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The  results  of  deep  seismic  soundings  by  the  near  -  vertical  profiling  method  made 
in  the  Polish  basin,  north-western  Poland,  are  presented.  In  1995  -  1996,  along  a 
few  commercial  seismic  reflection  profiles  deep  crustal  structure  study  were  made. 
The  recording  time  was  extended  up  to  18s  and  the  charge  of  some  shot  points  were 
enlarged  to  10-15  kg  of  TNT.  The  total  length  of  profiles  was  about  200  km.  The 
recording  system  adopted  ensured  a  48-fold  coverage  of  the  profile  in  the  common 
depth  point  (CDP)  method.  On  the  seismic  sections  two  sequences  of  reflected 
waves  are  clearly  visible.The  first  occurs  in  the  0  -  2,5  s  interval  and  is  associated 
with  seismic  boundaries  in  the  upperpart  of  sedimentary  cover.  The  other  sequence 
of  reflected  waves  is  contained  in  the  8  -12  s  interval  and  is  related  to  seismic 
structure  of  the  middle  and  lower  crust,  and  the  transmition  zone  between  the  crust 
and  upper  mantle.  Depth  of  the  Moho  discontinuity  is  30-33  km.  The  analysis  of 
seismic  velocities  shows  relatively  low  velocities  up  to  about  20  km  depth,  being 
lower  than  6.0  km/s.  This  fact  is  discussed  together  with  other  seismic  results  of 
this  region  -  from  seismic  refraction  and  wide  angle  reflection  profiles  and  the 
surface  waves  study. 


CRUSTAL  STRUCTURE  FROM  DEEP  SEISMIC  REFRACTION 
AND  WIDE  ANGLE  REFLECTION  EXPERIMENT  IN  THE 
TEISSEYRE  TORNQUIST  ZONE  IN  POLAND  (TTZ  PROFILE) 
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New  seismic  refraction  and  wide  angle  reflection  experiment  in  the  Teisseyre 
-Tornquist  zone  in  Poland  was  made  in  July  1993  as  an  international  Polish, 
Finnish,  German  and  Swedish  cooperation.  The  profile  is  located  exactly  in  the 
central  part  of  the  Mid-Polish  Trough  in  the  zone  of  maximum  subsidence 
(starling  from  the  Upper  Permian  until  the  Upper  Cretaceous).  The  length  of 
the  profile  was  about  450  km.  Nineteen  shot  points  were  located  along  profile. 
The  distance  between  shot  points  was  about  25  km.  Recording  was  made  using 
135  three-components  modern  seismic  stations,  with  spacing  of  the  recording 
sites  about  2  km.  Depth  of  the  consolidated  basement,  with  velocity  about  5.8 
km/s  in  this  area  is  8  to  10  km.  However,  down  to  a  depth  of  15  -  20  km  P  - 
wave  velocity  is  very  low,  no  more  then  about  6.0  km/s.  Thickness  of  the  crust 
varies  from  35  to  45  km.  We  discussed  them  together  with  other  seismic  results 
of  this  region  -  from  deep  seismic  sounding  profiles,  deep  reflection  profiles 
and  with  results  of  the  surface  waves  study. 
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A  DETAILED  SEISMIC  VELOCITY  MODEL  OF  THE 
PALAEOZOIC  PLATFORM  IN  NW  POLAND 
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slj@geo.geol.ku.dk/Fax:  +45  3314  8322 

H.  Thybo  (Copenhagen,  Denmark),  T.  Janik,  E.  Gaczynski,  M.  Grad, 

A.  Guterch  (Warsaw,  Poland),  G.  R.  Keller  and  K.  C.  Miller  (El  Paso, 

USA) 

POLONAISE  profile  1  is  subparallel  to  the  Teisseyre  -  Tomquist  Zone 
(TTZ)  in  the  Trans-European  Suture  Zone  in  NW  Poland.  The  purpose  of 
this  ~300  km  long  profile  is  to  obtain  a  detailed  model  of  seismic  velocity  by 
reducing  structural  influence  and,  thereby,  also  to  provide  a  reference 
seismic  structure  for  future  modelling  of  two  other  POLONAISE  profiles 
across  the  TTZ.  1 1  in-line  shots  were  recorded  at  100  stations  deployed  with 
an  interval  of -3  km. 

Preliminary  modelling  shows  that  compressional  velocities  are  very  low 
(<6. 1  km/s)  to  ~20  km  depth  above  a  high  velocity  (>  6.8  km/s)  lower  crust 
which  is  strongly  reflective.  Strong  PmP  reflections  are  observed  everywhere 
along  the  profile  corresponding  to  a  crustal  thickness  of  ~30  km.  The  seismic 
model  has  implications  for  Caledonian  and  Variscan  collision  tectonics  and 
for  subsequent  basin  formation  in  the  area. 


A  SUMMARY  OF  CRUSTAL  STRUCTURE  ALONG  THE 
APPALACHIAN-OUACHITA  OROGENIC  BELT  IN  NORTH 
AMERICA:  A  COMPARISON  WITH  THE  TES2 

G.  Randy  Keller,  Department  of  Geological  Sciences. University  of  Texas  at  El 
Paso,  El  Paso,  Texas  79968  USA,  keller@geo.utep.edu  /  Fax  (915)  747-5073 

The  Appalachian  -  Ouachita  orogenic  belt  represents  the  extension  of  TESZ 
structures  into  North  America.  In  the  northern  Applachian  region,  the 
LITHOPROBE  program  in  Canada  has  provided  significant  new  results,  and  in 
the  US,  several  modern  studies  have  been  completed  in  New  England  region. 
These  studies  show  that  the  crustal  scale  deformation  is  considerable  and  that 
the  crustal  thickness  of  the  Avalonia  Terrane  is  about  35  km.  In  the  central 
and  southern  Applachian  region,  the  only  modern  deep  seismic  data  come  from 
reflection  profiles  which  generally  do  not  image  the  Moho  well.  However, 
gravity  and  time-term  data  indicate  that  the  crust  may  be  up  to  50  km  thick  in 
the  central  Appalachians.  In  the  southern  Appalachians,  the  crustal  thickness 
is  about  40  km.  and  the  crustal  scale  deformation  may  not  be  as  intense  as  in 
the  north.  A  PASSCAL  experiment  was  conducted  in  the  Ouachita  Mountain 
region  in  1986.  This  wide-angle  profile  partially  overlapped  a  COCORP 
profile,  and  together,  these  data  provide  a  good  picture  across  the  orogenic 
belt.  The  early  Paleozoic  continental  margin  is  preserved  beneath  Ouachita 
thrust  sheets  indicating  that  crustal  scale  deformation  was  mild.  A  zone  of 
transitional  or  oceanic  crust  is  found  south  of  the  orogen,  and  a  microcontinent 
is  found  outboard  of  this  zone.  Based  on  the  limited  geophysical  data 
available,  similar  pictures  of  crustal  structure  appear  to  be  present  along  the 
other  segments  of  this  orogenic  belt. 


The  Northern  Rim  of  the  Central  European  Basin 
System  -  the  offshore-onshore  survey  % 

C.M.  Krawczyk',  M.  Stiller',  U.  Polom^  &  BASIN  ‘96-Working  Group 
'  GFZ  Potsdam,  ^  DPC  Clausthal 

lotte@gfz-potsdam.de;  http://www.gfz-potsdam.de/pb3/ag-ngb 

The  North  German  Basin  is  an  intracontinental  basin  of  hotly  debated 
geodynamic  evolution,  extending  from  the  Tomquist  Zone  -an 
inferred  Paleozoic  suture-  to  the  Harz  Mountains,  and  from  the  North 
Sea  to  Poland.  The  basin  is  a  complex  one  with  various  geophysical 
anomalies,  magmatic  intrusions  and  several  changes  in  tectonic  and 
subsidence  regime  over  the  past  300  Ma, 

In  1996,  DEKORP  organized  the  project  to  perform  Rasin 

Analyses  and  Seismic  /nvestigations  in  Vorth  Germany.  The  seismic 
data  were  gathered  as  a  combination  of  800  km  reflection  line 
offshore  (airgun  array)  and  500  km  onshore  (vibroseis  and  explosive) 
to  run  a  complete  line  through  the  entire  basin  and  across  its  margins. 
Initial  results  reveal  the  offshore  continuation  of  fault  structures 
already  mapped  onshore,  sedimentary  inversion  structures,  the  Moho 
depth,  and  deep  crustal  and  upper  mantle  structures.  These  images 
lead  in  correlation  with  older  seismic  data  to  the  location  of  the 
Caledonian  Deformation  Front  in  the  investigated  area,  and  to  the 
discussion  of  terrane  boundaries  north  of  the  Tomquist  System. 


VARISCAN  TO  ALPINE  PALEO-STRESS  EVOLUTION  IN  THE 
TEISSEYRE-TORNQUIST  ZONE  (SOUTHERN  POLAND) 

J.  Lamarche  f  1-21  F.Bergerat  (1 )  J.L.Mansy  (2)  J.  Swidrowska  (3)  J.  Wieczorek  (4) 
M.  Lewandowski  (5)  E.  Stupnicka  (6)  M.  Hakenberg  (3)  O.  Averbuch  (2) 

(I)  Lab.  Tectonics,  URA  1759,  Paris  VI  univ.  (2)  Lab.  Sedim.  and  Geodyn.,  URA 
719,  Lille  1  univ.  (3)  PAS,  Warsaw  (4)  Geotermia  Podhalanska,  Zakopane  (5)Inst. 
of  Geophysics,  PAS,  Warsaw  (6)  Depart,  of  Geology,  Warsaw  univ. 
Iainarchc@lgs.jussieu.fr 

In  Southern  Poland  we  measured  micro-structures  and  did  field  structural  analysis 
in  rocks  ranging  in  age  from  Cambrian  to  Miocene,  in  order  to  compute  paleo-stress 
field  (Angelier’s  method).  Investigated  areas  are:  Holy-Cross  Mts.,  Radomsko 
Elevation,  Czestochowa  and  Krakow  regions. 

A  N-S  compressional  Variscan  stress  pattern  was  provided  in  the  Holy  Cross  Mts.  It 
is  marked  by  folds  and  associated  brittle  structures.  The  polyphased  deformation 
resulted  in  complexe  fold  structures  (early  ramps  and  brittle  deformation  before 
folding)  showing  sequencial  relationships. 

This  period  was  followed  by  a  general  cxtensiona!  stress  regime  leading  to  the 
development  of  the  Polish  Trough  parallel  to  the  Teisseyre-Torhquisl  Zone.  The 
basin  geometry  was  influenced  by  major  NW-SE  and  NNW-SSE  basement  faults. 
The  Laramide  tectonic  inversion  was  marked  by  a  NE-SW  compression  in  the 
Mesozoic  cover  of  the  Holy  Cross  Mts.  and  in  the  Radomsko  Elevation,  linked  with 
a  reactivation  of  the  NW-SE  and  NNW-SSE  basement  faults.  The  Czestochowa 
region  was  not  deformed.  In  the  Krakow  region,  a  N-S  compression  is  dated  as 
Miocene  and  related  to  the  Carpathian  front. 


STRUCTURAL  AND  PALEOMAGNETIC  DATING  OF  TECTONIC- 
RELATED  FRACTURE  FILLS 

J,  Lamarche  f  1  -3)  M.  Lewandowski  (2)  K  Michalski  (2)  J.L.  Mansy  (3)  M.  Szulczewsld  (4) 
andF.  Bergerat(l) 

(1)  Lab.  Tectonics,  URA  1759,  Paris  VI  univ,  (2)  Institute  of  Geophysics,  PAS, 
Warsaw.  (3)  Lab.  Sedim.  and  Geodyn.,  URA  719,  Lille  1  univ,  (4)  Depart. 
Geology,  Univ.  Warsaw.  lamarche@lgs.jussieu.fr 

This  study  was  carried  out  in  the  Holy  Cross  Mountains,  the  Paleozoic  Massif 
adjacent  to  the  Teisseyre-Tomquist  Zone  and  structurally  incorporated  to  the  Epi- 
Variscan  Platform  of  southern  Poland. 

Upper  Paleozoic  rocks  exhibit  fractures  trending  about  N-S  showing  a  four  stage 
sequencial  history:  (1)  they  originated  in  a  late  variscan  tectonic  stage,  bccured 
after  the  major  folding.  The  fractures  show  successive  openings  marked  by  (2) 
calcite  fibers  and  (3)  Late  Permian  -  Early  Triassic  red  sediments  filling,  evidence 
for  first  stages  of  rifting  in  the  Polish  Trough.  This  Buntsandstein  type  sedimentary 
filling  is  affected  by  (4)  dextral  strike-slip  slicken-slides  compatible  with  the 
Laramide  tectonics. 

Paleomagnetic  studies  enabled  for  recognition  of  four  generations  of  paleomagnelic 
components  that  could  be  dated  by  comparison  with  APWP  for  Baltica,  yielding 
generally  the  late  Variscan,  early-post  Variscan  and  Alpine  magnetization  ages. 
Since  fractures  fillings  are  associated  with  the  fixture  openings,  the  paleomagnelic 
method  could  be  used  for  dating  of  related  brittle  tectonic,  at  least  for  constraining 
its  upper  age  limit. 


VARNET:  A  GEOPHYSICAL  STUDY  OF  THE  VARISCIDES 
AND  CALEDONIDES  IN  SW  IRELAND 

M.  Landes  (1),  A.W.B.  Jacob  (1),  F.  Masson  (2),  C.  Prodehl  (2),  H.  Thybo  (3) 
and  VARNET  Research  Group  (4) 

(1)  Dublin  Institute  for  Advanced  Studies,  5  Merrion  Square,  Dublin  2.  Ireland, 

(2)  Geophysical  Institute,  Univ.  Karlsruhe,  Germany,  (3)  Geological  Institute, 
Univ.  Copenhagen,  Denmark,  (4)  Denmark,  Germany,  Ireland. 
landesOcp.dias .  ie/Fax:  [-hSSS]  1-662-1477 

To  investigate  the  influence  of  the  Variscan  and  Caledonian  orogenies  on  crustal 
structure  in  SW  Ireland,  three  wide-angle  seismic  profiles  were  recorded  as  part 
of  VARNET,  an  international  co-operative  project.  Data  were  collected  along 
two  approximately  north-south  profiles  about  80  km  apart.  The  station  spacing 
was  about  1000  m  on  the  eastern  profile  and  800  m  on  the  western  one.  The 
third  line  was  a  short  splay  line  NE  from  the  middle  of  the  western  line.  A  total 
of  34  shots  were  fired,  23  of  which  also  served  as  off-line  fan  shots. 

The  seismic  models  from  both  profiles  show  that  major  Variscan  features  in  the 
south  west  of  Ireland  are  limited  to  the  upper  crust,  indicating  a  thin-skinned 
mechanism  of  deformation.  Deeper  structural  changes  on  the  eastern  profile 
can  be  related  to  the  lapetus  Suture  Zone,  which  is  crossed  in  the  vicinity  of 
the  Shannon  River  Estuary.  The  total  crustal  thickness  varies  from  29  to  32 
km,  with  upper  mantle  velocities  significantly  lower  south  of  the  Shannon. 
Crustal  structure  between  the  two  profiles,  and  to  the  west  of  them,  can  be 
derived  with  data  from  fan  shots,  giving  three-dimensional  information  on  the 
crustal  structure  of  the  Variscides  and  Caledonides  in  SW  Ireland. 
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The  place  consistency  of  the  Tornqust  Zone  in  geological  time. 

G.F.Makarenko,  General  Phys.Inst.Rus.Ac.Sci.  F:+7-095-135-0552 

Compare  part  of  Atlantic(A)  and  Pacific(P)  hemispheres  structures. 
Fig.  shows  their  global  axial  symmetry  [1],  Geminy  are  l=Urals- 
Timan/Pz/,Cordilleras-Alaska/Mz/;  2=Walles  oval/Pz/, Bowers  arc 
/Kz/;  3=seems  Apsheron-Atlas,  Mendocino  /Mz/.  Lines  overlap 
show:  they  were  on  their  places  all  time.  Images  of  TESZ,  Donbass 
are  4=Bianco-Chinook  Fr.z, 

Gemini  ridge,  5=isl.Kodiak- 
Bowie.  Old  ocean  hystory 
is  dreamy.  Twins  Cordilleras- 
Urals  say:  the  places  of  seems 
are  permanent.  To  resign  the 
mobilism  it  is  enough  to 
cover  lavas  are  final  acts  at 
cyclic  fold  arcs  rears.  In  the 
ocean  centers  arcs  collide. 

[I]  G. Makarenko  (1993) 

M.Cosmoinform.  280  p. 

Fig.  Both  hemysphere  seems: 

1-A,P;  2-A  only;  3-P  only 


GEOLOGICAL  DEVELOPMENT  OF  THE  NE  GERMAN  BASIN 

T.  McCann,  R.  Ondrak  &  C.M.  Krawczvk 
GeoForschungsZentrum,  Telegrafenberg,  Potsdam  14473,  Germany 
tmc@gfz-potsdam.de/Fax:  +49(0)331  288  1302 

The  NE  German  Basin  (NGB)  is  an  intracraionic  basin  containing  in  excess  of  12 
km  of  Phanerozoic  .strata.  It  is  part  of  a  series  of  related  basins  extending  from  the 
North  Sea  to  Poland.  Four  broadly  NW-SE-striking  fault  zones  occur  in  the  area. 
From  north  to  south  these  are:  the  Tornquist  Zone  (TZ).  the  Caledonian 
Deformation  Front  (CDF),  the  Trans-European  Fault  (TEF),  and  the  Elbe  Line  (EL). 
The  region  was  significantly  influenced  by  the  Caledonian  and  Variscan  orogenies. 

Crustal  warping  and  block  faulting  in  the  Upper  Carboniferous  was  followed  by  a 
major  magmatic  episode  which  extended  up  into  the  Lower  Permian.  This  resulted 
in  a  thick  volcanic  succession  of  Permosilesian  age.  Initial  basin  subsidence, 
appears  to  have  occurred  without  significant  fracturing  of  the  upper  crust,  since  no 
normal  faults  with  large  vertical  offsets  have  been  observed.  However,  geochemical 
.analysis  of  the  volcanics  indicates  thermal  destabilisation  of  the  crust  prior  to  initial 
subsidence. 

The  newly-obtained  seismic  data  (DEKORP/BASIN  96)  from  the  NE  German 
Basin  provide  the  basis  for  a  detailed  examination  of  the  geodynamic  evolution  of 
the  region.  This,  together  with  a  variety  of  borehole  and  industrial  seismics,  was 
used  to  correlate  the  broad  structural  and  stratigraphic  framework  for  the  region. 
Further  aims  include  the  development  of  a  series  of  basin  models  derived  from 
seismic  and  sequence  stratigraphic  analysis. 


Composition,  Structure  and  evolution  of  precambrian 

CRUST:  EVIDENCE  FROM  VP/VS  RATIOS 
Gemma  Musacchio*  and  Walter  D.  Mooney** 

*Qucen's  University.  Kingston.  ON-Canada;  **  USGS,  Menlo  Park,  CA-USA 
gemma@geol.queensu  ca;  Fax:  613  545  6592 

Recently,  much  attention  has  been  paid  to  the  composition  and  evolution  of  the  crust 
and  suh-cnislal  lithosphere  in  cralonic  regions.  Some  of  the  key  issues  arc  whether 
there  is  a  compositional  difference  between  Archean  and  Proterozoic  lithosphere,  and 
whether  Precambrian  lithosphere  is  distinct  from  phanerozoic  litliospere.  Attempts  to 
address  these  questions  using  only  the  compressional-wave  velocity  structure  have  met 
with  limited  success,  leading  to  considerable  debate  in  the  scientific  literature. 

Here  we  revisit  this  question  using  Vp/Vs  ratios  ratlicr  than  simply  Vp.  Previously, 
this  approach  was  only  possible  for  territory  of  the  former  Soviet  Union,  where 
numerous  VpfVs  measurements  have  been  reported.  Our  new  compilation  of  av  erage 
raustal  Vp/Vs  ratios  indicates  a  strong  dependence  on  crustal  age,  with  Archcan  and 
Pliancrozoic  crust  have  a  relatively  low  value  of  1 .74,  whereas  Proterozoic  crust  ranges 
from  1.77-1.S4. 

We  conclude  that  Proterozoic  is  more  mafic  in  composition  than  other  crust,  and 
that  Paleozoic  terrains,  such  as  Caledonian  orogen  and  the  vast  Altaids  of  Central 
Eurasia  have  not  evolved  to  have  a  composition  similar  to  Proterozoic  crast.  Archcan 
crust  is  distinct  from  Proterozoic  emst,  having  developed  a  thick  lithospheric  keel  early 
in  its  evolution 


THE  TRANS-EUROPEAN  SUTURE  ZONE:  A  TECTONIC  OVERVIEW 
T.Pharaoh 

British  Geological  Survey,  Nottingham,  UK:  t.pharaoh(gbgs,ac.uk 

The  Trans-European  Suture  Zone  (TESZ),  the  most  prominent  geological  boundary 
in  Europe,  separates  mobile  Phanerozoic  terranes  (Caledonide-Variscide  orogens)  in 
the  SW,  from  the  ancient  Precambrian  crust  of  the  East  European  Craton  (and  Baltic 
Shield),  over  a  distance  of  2000  km.  In  the  North  Sea  and  N  Germany,  crust  of 
Avalonian  affinity  is  juxtaposed  with  the  Baltic  Shield  along  the  southward-  dipping 
Caledonian  Deformation  Front.  The  presence  of  late  Ordovician  arc  magmatic  suites 
in  the  Anglo-Brabant  Massif  and  their  absence  in  the  shield  indicates  the  destruction 
of  the  Tornquist  Sea  by  southward-dipping  subduction.  although  the  geophysical 
evidence  is  equivocai.  Docking  of  Avalonia  against  Baltica  occurred  in  iatest 
Ordovician  or  earliest  Silurian  time,  with  further  oblique-siip  during  eariy  Devonian 
deformation..  In  central  Europe,  the  suture  is  obscured  by  overriding  orogenic 
comple.xes  in  the  west  (Variscides)  and  east  (Carpathians).  As  a  result,  the  evidence 
for  the  eariy  Palaeozoic  history  of  the  TESZ  here  is  difficult  to  decipher.  In  SW 
Poland,  the  juxtaposition  of  Neoproterozoic  crust  of  Cadomian  type  with  the  East 
European  Craton  at  the  Krakow-Lubliniec  Zone  indicates  that  the  Avalonian  terrane 
has  been  replaced  by  proto-Gondwanan  crust  with  a  very  different  early  Palaeozoic 
history,  which  may  not  have  been  accreted  until  Devonian  time.  Thus  the  TESZ  has 
a  complex  history  and  is  certainly  composite  in  origin.  EUROPROBE  geophysical 
experiments  aim  to  characterise  lithospheric  structure  in  the  contrasting  segments  of 
the  zone. 


CALEDONIAN  AND  OLDER  TERRANE  ACCRETION  IN  THE 
SOUTH-WEST  BALTIC  SEA 

R  Meissner  f  1).  H.Thybo(2),  and  DEKORP  Re5-Group(3) 

(1)  Institute  for  Geophysics,  Kiel-University,  rmeissner(gemail.uni- 
kiel.de  (2)Geological  Institute,  Copenhagen-University, 

(3)  GeoForschungsZentrum,  Potsdam 

During  a  marine  seismic  survey  by  BGR-Hannover  and 
DEKORP, Potsdam  in  1996  a  number  of  profiles  were  arranged  in  the 
SW-Baltic  Sea.  The  objective  was  to  gather  convincing  evidence  for  the 
structure  of  the  Caledonian  Deformation  Front  (CDF)  and  for  other 
terrane  accumulations  in  Baltica.  Previous  reflection  lines,  like  BABEL 
and  several  exploration  lines,  were  intergrated  in  our  interpretation.  As 
was  suspected  already  from  the  BABEL  results,  the  CDF  was  found  to 
be  a  bi-vergent  collisional  zone,  the  upper  crust  from  Avalonia 
ovethrusting  the  rim  of  Baltica  toward  the  E  or  NE,  but  the  subduction 
of  the  Tornquist  Ocean  also  directed  toward  N  or  NE,  as  seen  by  many 
N-NE  dipping  reflections  in  the  uppermost  mantle.  Another  interesting 
structure  is  a  Proterozoic  terrane  accretion  NE  of  Bornholm.  Here, 
extremely  dense  and  strong,  divergent  reflections  in  the  crust  indicate 
overthrusts  and  indentations  along  shear  zones  in  the  whole  crust.  Other 
observations  of  troughs  and  inversion  zones  help  to  reveal  the 
architecture  and  evolution  of  crust  and  upper  mantle  in  the  area  around 
the  TESZ  in  the  Baltic  Sea. 


DEKORP  BASIN  1996:  RECENT  RESULTS  OF  THE  SEIShHC  WIDE- 
ANGLE  MEASUREMENTS 

Rabhel  W.  (1).  Bcileckc  T.  (1),  Frehers  S.  (1),  and  DEKORP  working-group  “North 
German  Basin" 

(1)  Institute  for  Geophysics,  University  Kiel 
WTabbcl@geophysik.uni-kiel.de 

The  DEKORP  BASIN  1996  survey  focussed  on  the  structures  of  the  North  German 
Basin  and  of  the  southern  Baltic  Sea.  The  seismic  signals  of  the  near  vertical  reflection 
profiling  were  also  observed  in  “piggy-back"  mode  at  wide-angle  distances.  Whereas  the 
airgun-shots  of  the  Baltic  Sea  survey  were  recorded  at  fixed  single  stations  on  land  a 
“roll-along"  experiment  was  carried  out  along  in  the  North  German  Basin  profile  in 
addition  to  measurements  at  some  fixed  stations. 

The  quality  of  the  Baltic  Sea  data  varies  strongly  depending  ori  the  position  of  the  station. 
In  the  the  North  German  Basin  the  data  shows  less  signal/noise-ratio  in  the  center  of  the 
basin  than  at  its  margins.  We  applied  dip  filters  in  order  to  improve  the  S/N  ratio. 

On  the  basis  of  a  velocity-model  for  the  post  Zeehstein-sediments  and  travcltimes  of  near 
vertical  and  wide-angle  reflections  a  two-dimensional  velocity  mixlcl  of  the  North 
German  Basin  was  determined  and  extrapolated  into  the  Baltic  Sea  area.  In  the  center  of 
the  North  German  Basin  the  Moho  is  flat  and  approximately  31  km  deep.  It  docs  not 
deepen  significantly  at  the  northern  margin  of  the  basin.  The  average  p-wave  velocity 
between  Zechstcin-basis  and  Moho  is  6.5  km/s.  At  the  basin  center  the  p-wavc  velocity 
of  the  lower  crust  is  6.7  -  7.0  km/s. 
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CRUSTAL  STRUCTURE  ONSHORE  AND  OFFSHORE  IRELAND: 
DEVELOPMENT  FROM  PALAEOZOIC  TO  RECENT  TIME 

P.M.  Shannon  1  and  A.W.B.  Jacob2 

1  Dept  of  Geology,  University  College  Dublin,  Belfield,  Dublin  4.  Ireland 

2  Dublin  Institute  for  Advanced  Studies,  5  Merrion  Square,  Dublin, 
e-mail:  p.shannon@ucd.ie 

Recent  onshore  and  offshore  seismic  data  have  helped  to  provide  a  model  for  the 
development  of  the  crust  from  Palaeozoic  times.  This  involves  crustal  thickening  along 
vertical  and  horizontal  features,  and  crustal  thinning  along  inclined  and  horizontal 
detachments. 

The  three-layer  crust  beneath  Ireland  is  approximately  30  km  thick  and  is  thinner 
beneath  offshore  sedimentary  basins.  Whole  crustal  thickness  and  structural  changes 
through  central  Ireland  are  attributed  to  continent/continent  collision  which  formed  the 
Caledonian  lapetus  Suture.  Upper  crustal  thickness  differences  in  the  south  of  Ireland 
(onshore  and  offshore)  are  due  to  both  Variscan  thick-  and  thin-skinned  thrust 
tectonics  with  local  structure  influenced  by  heterogeneous  Caledonian  crust.  Severe 
thinning  of  the  crust  beneath  large  Mesozoic  sedimentary  basins  is  attributed  to 
differentia!  stretching  influenced  by  rheologically-controlled  intra-crustal  detachments. 


POLONAISE’97-  SEISMIC  STRUCTURE  OF  THE  PRECAMBRIAN  CRUST 
OF  EASTERN  EUROPE  ALONG  P3  PROFILE 

POLONAISE’97  Working  Group  (reporter  P.  Sroda) 

Institute  of  Geophysics,  Polish  Academy  of  Sciences,  Warsaw 
pioir@karI.igfedu.pl  /  Fax  (48)(22)37  05  22 

W.  Czuba,  M.  Grad,  A.  Guterch,  P.  Sroda  (Poland);  H.  Thybo  (Denmark),  G.R. 
Keller  (USA),  U.  Luosto,  J.  Yliniemi  (Finland),  G.  Motuza,  V.  Nasedkin 
(Lithuania),  C.E.  Lund  (Sweden) 

The  Precambrian  Platform  of  eastern  Europe  includes  the  northeastern  part  of 
Poland.  The  East  European  Platform  (EEP)  is  the  oldest  tectonic  unit  in 
concern.  Its  basement  was  formed  during  Archaean  and  Proterozoic  limes,  and 
was  consolidated  during  the  Subjotnian  •  Jotnian  cratonization.  The  305  km 
long  refraction  and  wide  angle  reflection  P3  profile  is  located  on  the 
Precambrian  Platform  in  northeastern  Poland,  parallely  to  the  southwest 
boundary  of  the  EEP.  Seismic  measurements  were  made  in  May  1997  in  a 
framework  of  international  seismic  experiment  POLONAISE’97  Project.  There 
were  eleventh  shot  points  on  the  P3  profile  with  distances  between  them  25  - 
30  km.  All  shots  were  fired  in  boreholes.  An  average  station  spacing  was  about 
2  km.  They  have  got  seismic  refraction  and  wide  angle  reflection  data  of  good 
quality  with  clear  first  impulses  and  later  phases  in  the  whole  interval  of 
distances  maximum  up  to  305  km  from  the  shot  points.  Thickness  of  the 
sedimentary  cover  changes  along  P  3  profile  from  2  km  to  7  km.  Moho 
discontinuity  with  velocity  8.1  km/s  was  found  at  the  depths  42  -  45  km. 


DEEP  STRUCTURES  IN  DANISH  SEDIMENTARY 
BASINS 

O.  V.  Vejbaek 

Geological  Survey  of  Denmark  and  Greenland,  Thoravej  S.  2400 
Kbenhavn  NV.  Denmark. 
ov0geus.dk/Fax;  [45]  3S  14  20  50 

The  formation  of  the  Norwegian-Danish  Basin,  was  mainly  caused 
by  Carboniferou.s-Permian  rifting,  probably  with  a  main  phase  in 
the  Autunian  accompanied  by  extensive  volcanic  activity.  The  Top 
Pre-Zechsteiii  reflector  separates  syn-  and  pre-rift  sediments  from 
post-rift  sediment.  The  extensive  faulting  accompaning  the  forma¬ 
tion  of  the  Norwegian-Danish  Basin  is  thus  found  below  the  Top 
Pre-Zechstein  reflector,  and  only  few  of  these  faults  continued  to  be 
active  in  Mesozoic  times.  The  Riiigkbing-Fyn  High  was  also  formed 
at  this  time  as  a  zone  suffering  less  extension  that  the  central  parts 
of  the  basin.  The  pre-rift  succession  is  mainly  constituted  by  Cale¬ 
donian  foreland  basin  deposits  of  mainly  Silurian  age.  which  attain 
thicknes.ses  in  the  order  of  4  kilometers.  Evidence  from  reflection 
sei.smic  data  suggests  NE-SW  compression  along  the  southern  bor¬ 
der  of  Baltica  during  the  Caledonian  orogeny. 


TELESEISMIC  AND  LOCAL  EVENTS  RECORDED  DURING 
POLONAISE’97  -  DATA  AND  PRELIMINARY  INTERPRETA¬ 
TION 

POLONAISE’97  Woi'king  Group  (reporter  M.  Wilde-Pidrko) 
Institute  of  Geophysics,  University  of  Warsaw,  Poland. 
nwildeCatmol.luB, edu.pl/Fax:  [+48]  22  822  23  87 

Twenty  Polish  short-period  three-components  stations  were  continuously  op¬ 
erating  for  three  weeks  during  POLONAISE‘97  in  the  contact  zone  between 
Palaeozoic  and  Precambrian  platforms  in  Poland.  The  distances  between  the 
seismometers  were  about  20  km  and  the  digitization  interval  0.02  s.  The  records 
perform  except  the  shots  also  a  few  teleseismic  and  local  events.  Interpretation 
of  traveltime  and  amplitude  anomalies  for  direct  P  phase  can  result  in  some 
information  about  the  structure  beneath  the  stations  useful  for  farther  tomog¬ 
raphy  investigation. 


EUROPEAN  POTENTIAL  FIELD  DATA  AND  THEIR  TEC¬ 
TONIC  IMPLICATIONS 

S.  Wybraniec  (1),  S.  Zhou  (2),  R.  Forsberg  (3),  M.  Lee  (4),  G.  Demianov  (5), 

T.  Wonik  (6),  E.  Perchuc  (7),  H.  Thybo  (2)  and  J.P.  Williamson-  (4) 

(1)  Polish  Geological  Institute,  Poland,  (2)  Geological  Institute,  University  of 
Copenhagen,  Denmark,  (3)  Geodynamics  Dept.,  National  Survey  and  Cadastre 
(KMS),  Denmark,  (4)  British  Geological  Survey,  Keyworth,  UK,  (5)  TsNI- 
IG.AiK,  Onezhskaya  26,  125413  Moscow,  Russia,  (6)  Geowissenschaftliche 
Gemeinschaftsaufgaben,  Hannover,  Germany,  (7)  Institute  of  Geophysics,  Pol¬ 
ish  Academy  of  Sciences,  Poland. 

Gravity  and  magnetic  surveys  have  been  completed  over  most  of  Europe  dur¬ 
ing  the  past  fifty  years  and  maps  have  been  published  by  individual  countries. 
However,  the  TESZ  project  has  highlighted  the  need  to  establish  a  common, 
non-commercial,  database  of  potential  field  data  from  western  and  eastern  Eu¬ 
rope  for  the  benefit  of  TESZ  research  and  the  geoscience  community  in  gen¬ 
eral.  During  the  past  year  considerable  progress  has  been  made  on  a  collabo¬ 
rative  venture  to  bring  together  the  various  data  sets,  resulting  in  new  grav¬ 
ity  and  magnetic  compilations  covering  the  TESZ  and  surrounding  regions. 
New  image  maps  of  potential  fields  have  been  generated  as  part  of  the  ongo¬ 
ing  effort  towards  these  compilations  which  show  both  continental-scale  and 
local-scale  structures.  The  maps  are  particularly  effective  at  highlighting  the 
tectonic  frameivork  of  Europe  formed  during  Laurentia-Baltica-Avalonia  colli¬ 
sion  as  well  as  new  evidence  on  the  position  of  the  concealed  margins  of  the 
palaeo-continents  at  depth. 
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SE20  Aspects  of  the  Carpathian-East 
Alpine-Pannonian  geodynamics:  the 
PANCARDI  approach 

Convener:  Tomek,  C. 

Co-Convener;  Neubauer,  F. 


LITHOSPHERE  STRUCTURE  IN  THE  WEST  CARPATHIAN-PANNONIAN-EAST 
CARPATHIAN  TRIPLE  JUNCTION  AREA  BASED  ON  GEOPHYSICAL  DATA 

M.  Bielik  (1),  J.  Sotak  (1),  J.  Sefara  (2)  and  V.  Bezik  (3) 

(1)  Slovak  Academy  of  Sciences,  Bratislava,  (2)  Comenius  University,  Bra¬ 
tislava,  (3)  Geological  Survey,  Bratislava. 
sotak@gu.bb.sanet.sk/421-88-724182 

For  better  perspective  of  the  present  lithosphere  structure  in  the  West  Car- 
pathian-Pannonian-East  Carpathian  triple  junction  area  geophysical  inter¬ 
pretation  is  done.  Interpretation  of  gravity  field  is  based  on  local  isostasy 
and  forward  density  modelling.  The  results  demonstrate  a  slab  underneath 
the  mountain  range.  The  slope  of  the  underthrusted  lower  European  plat¬ 
form  is  very  steep.  Modelled  slab  dips  from  about  60  to  80  degrees.  The 
southern  margin  of  the  European  basement  bends  down  to  the  southwestern 
into  the  Carpathian  subduction  system.  Analysis  of  geophysical  data  along 
profile  C  indicates  that  interaction  of  compression,  transpression  and  exten¬ 
sion  can  be  observed  in  the  studied  area.  This  interplay  led  to  formation  of 
the  East  Slovakian  Basin,  too.  The  basin  Is  characterized  by  larger  thick¬ 
ness  of  sediments  and  both  crustal  and  lithospheric  thinning.  Extensional 
process  was  accompanied  by  updomming  of  high-density  mass  into  the 
lower  crust.  In  this  region  transpression  influence  is  very  intense.  As  a  result 
older  structures  of  upper  plate  were  segmented  and  originally  independent 
fragments  are  in  connection  recently  (Zemplin  Unit,  Iflaiovce-Krichevo  Unit, 
blocks  of  rifted  European  platform,  the  Carpatho-Pannonian  block).  On  the 
contact  of  the  upper  and  lower  plate  "flower”  type  structures  are  prevalent. 


UTHOSPHERIC  THERMAL  STRUCTURE  IN  THE  TRANSYLVANIAN 
DEPRESSION  —  INSIGHTS  FROM  NEW  GEOTHERMAL 
MEASUREMENTS  AND  MODEUNG  RESULTS. 

C.  nmietn-.srii  (1),  S.B.  Nielsen  (2),  M.  Eiic  (1),  .A.  Pop  {;!),  M. 

Andreescu  (1),  G.  Polonic  (1),  D.  Iran  (1),  N.  Balling  (2). 

(1)  Institute  of  Geodynamics,  Bucharest,  (2)  Laboratoiy  of  Geopltysics. 
Aarhus  University,  (3)  RO\IG,A7.-S,A  Mcdia^. 
erlsan@geodin.ro/Fax:  +401-2100604 

Tile  suiface  heat  flow  density  pattern  of  tlie  Transylranian  Dej)res.sion 
(TD)  represents  a  marked  higli  amplitude  sliort  wavelengtii  low  in  a 
region  of  generally  elevated  heat  flow.  Detailed  tcinperatnrc-tiejnh 
profiles  obtained  by  continuous  temperature  logging  in  21  vvells  to  a 
maximum  depth  of  1400  m  combined  with  a  finite  clement  modelling  of 
lopographic  and  fluid  flow  effect-s  supiiort  the  conclusion  that  ilie 
obseived  thermal  gradient  in  the  TD  truly  represents  the  rate  of  heat  loss 
of  liic  subsurface.  Modelling  results  show  that  the  transieni  effects  of 
sedimentation  and  erosion  mean  an  overall  5-7  niWin*'  reduction  in  heal 
flow  compared  to  the  steady-stale  value  and  that  a  low  manile  heat  flow 
and  a  low  crustal  heat  production  rate  in  the  TD  arc  necc.ssaiy  to  ex|)Iain 
the  heat  flow  anomaly.  The  effect  of  the  Neogciie  evolution  of  die  TD  on 
die  lemperatnre  filed  of  the  lidiospliere  is  evaluated  as  well. 


SUMMARY  OF  PALEOMAGNETIC  AND  STRUCTURAL  DATA  FROM 
THE  CENTRAL  WEST  CARPATHIANS  OF  POLAND  AND  SLOVAKIA: 
EVIDENCE  FOR  THE  LATE  CRETACEOUS-EARLY  TERTIARY 
TRANSPRESSION. 

J.  Grabowski  (1)  and  M.  NernSok  (2) 

(1)  Polish  Geological  Institute,  Rakowiecka  4, 00-975  Warsaw,  Poland 
jgra@pgi.waw.pl/fax:  (48  22)  49  53  42 

(2)  Institut  fllr  Geologic,  WUrzburg  University,  Pleichervvall  I,  D-970  70  WUrzburg, 
Germany. 

mnemcok@geologie.uni-wuerzburg.de 

The  paper  presents  the  review  of  paleomagnetic  and  structural  data  from  the  Central 
West  Carpathians  (CWC)  of  Poland  and  Slovakia.  The  CWC  constitute  a  multiply 
deformed  thin  skinned  fold  and  thrust  belt  adjacent  to  the  Pieniny  Klippen  Belt. 
Mesozoic  sedimentary  rocks  of  the  CWC  were  subjected  to  the  remagnetization 
which  took  place  ca  90  Ma  during  the  Late  Cretaceous  thrusting.  In  most  localities 
moderate  clockwise  rotation  of  paleomagnetic  declination  (about  30°)  is  observed. 
Clockwise  rotation  of  the  CWC  could  take  place  after  Late  Cretaceous  and  before 
Eocene.  In  contrast  paleomagnetic  declinations  from  the  Eocene-Miocene  rocks  of 
the  area  reveal  counterclockwise-rotations.  Structural  data  obtained  in  the  Pieniny 
Klippen  Belt  point  to  abrupt  change  in  the  paleostress  field  at  the  Late 
Cretaceous/Paleogene  boundary.  Change  of  both  paleomagnetic  declinations  and 
stress  fields  could  indicate  a  large  dextral  rotation  of  the  CWC  due  to  oblique 
convergence  during  Cretaceous-Early  Tertiary. 


THE  STRESS  FIELD  OF  THE  COLLISION-SUBDUCTION  ZONE 
IN  SE-ROMANIA 

S.  Hettel  (1),  B.  Muller  (1)  and  B.  Sperner  (1) 

(1)  Geophysical  Institute,  University  of  Karlsruhe. 
shettelCgpiuapl.physik.uni-karlsruhe.da/Fax:  [+49]  721-71173 
The  Vrancea  region  (Romania)  in  the  SE-Carpathians  is  a  complex  tectonic 
zone  dominated  by  a  continental  collision  between  the  East-European  Plat¬ 
form,  the  Moesian  sul>plate  and  the  Tisia-Dacia  block.  Todays  seismicity  is 
characterized  by  repeated  strong  earthquakes  (M<7.7)  in  intermediate  depths 
(70-180  km)  with  a  gap  in  earthquake  occurrence  between  40  and  70  km.  In 
this  study  we  investigate  the  regional  and  local  stress  orientations  and  tectonic 
regimes  based  on  the  analysis  of  fault  slip  investigations,  borehole  breakout  data 
and  fault  plane  solutions  of  earthquakes.  We  found  that  the  earthquakes  with 
a  focal  depth  <  40  km  comprise  an  epicentral  area  bounded  to  the  northeast 
by  the  Trotus  Fault,  and  to  the  southwest  by  the  Sinaia  and  the  Intramoesian 
Fault.  These  crustal  events  do  neither  show  a  dominant  tectonic  regime  nor  a 
well-confined  direction  of  the  maximum  horizontal  stress  orientation.  The  inter¬ 
mediate  depth  earthquakes  show  dominantly  thrusting,  but  also  do  not  indicate 
a  dominant  direction  of  maximum  horizontal  stress.  One  aim  of  this  study  is  to 
obtain  a  more  detailed  3-dimensional  zonation  of  stress  domains  which  can  be 
correlated  and  compared  with  the  overall  seismicity  and  the  regional  tectonics 
of  the  study  area.  Furthermore  an  estimation  of  the  seismogenic  potential  of 
the  different  units  will  be  given. 


Pannonian  Basin  Syn-  and  Post-Rift  Evolution;  Dynamic 
Modelling  of  the  Transition  from  Passive  to  Active  Rifting. 

R  HUlSMANSfll.  Y.  PODLADCHIKOV  (1  &  2)  and  S.  CLOETINGH  (I) 

(I)  Institute  of  Earth  Sciences,  Vrije  Universiteit,  Amsterdam,  The  Netherlands,  (2) 
Geologisches  Institut,  ETH-Zentrum,  Zurich,  Schweiz,  (huir@geo.vu.nl) 

The  first  order  feamres  of  the  Pannonian  basin  are  predicted  and  explained  using  a 
thermo-mechanical  finite  element  model  of  lithogjhere  extension  and  simple  physical 
reasoning.  We  show  that  active  mantle  upwelling  following  a  phase  of  passive  extension 
are  viable  mechanisms  explaining  the  Pannonian  basin  formation.  The  dynamic  inteiplay 
befrveen  far-field  driven  passive  extension  and  active  thinning  of  the  mantle  lithosphere 
bv  convective  upwelling  beneath  the  rift  zone  is  modeled  using  thermo-mechanical  finite 
element  methods.  Thermal  buoyancy,  related  to  the  syn-rift  asthenospheric  doming  drives 
active  upwelling  in  a  lithospheric  scale  convection  cell.  In  this  way  horizontal  stresses  are 
generated  which  compete  with  the  far-field  intraplate  stress.  In  the  late  syn-rift  or  early 

Eosl-rift  stage,  domal  forces  may  dominate  and  even  drive  the  system  causing  a  change 
om  passive  to  active  rifling  mode.  If  this  transition  occurs,  the  numerical  model  predicts 
1)  drastic  increase  of  sub-crustal  thinning  beneath  the  rift  zone,  2)  lower  crustal  flow 
towards  the  rift  flanks,  3)  the  coeval  occurrence  of  tensional  stresses  within  and 
compressive  stresses  around  the  upwelling  region,  4)  significant  decompression  melts,  5) 
possible  surface  uplift.  The  model  predictions  may  explain  several  poorly  understood 
observations  that  characterise  the  Pannonian  basin.  E.g,  the  observed  strong  differential 
thinning,  intermediate  crustal  extension,  6  =  [1 .6-1 .8]  and  strong  thinning  of  the  mantle 
lithosphere  P  =  [8-lOj,  the  late  syn-rift  -  early  post-rift  shallow  mantle  related  alkaline 
volcanics,  and  the  coeval  occurrence  of  a  second  phase  of  extension  in  the  internal  basin 
part  with  the  climax  in  compression  in  the  external  parts  of  the  system  around  1 2  Ma.  The 
model  predictions  also  Suggest  that  the  thickened  crustal  roots  of  the  Apuseni  Mts  and  the 
Trans-Danubian  Range  and  related  surface  uplift  may  be  interpreted  in  terms  of  rift  flank 
uplift  associated  with  extension  of  a  weak  lithosphere  and  lower  crustal  flow  outwards  of 
the  rift  zone 
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PRE-ALPINE  METAMORPHISM  OF  THE  WESTERN  CARPATHIANS: 
THE  TATRIC  UNIT 

M.  Jan^.  J.  SoiSiak  and  P.  Pitoft^ 

Geological  Institute,  Slovak  Academy  of  Science,  Bratislava,  Slovakia 
spisiak@gu.bb.sanet.sk  /Fax:  421/88/723943 

Pre-Alpine  metamorphic  evolution  of  the  Western  Carpathians  is  best  recorded  in 
the  Tatric  unit  where  Alpine  metamorphic  overprint  was  generally  only  very  low. 
The  crystalline  basement  of  the  Tatric  unit  is  exposed  in  several  core  mountains 
where  metamorphic  rocks  are  intruded  by  Variscan  (350  Ma)  granitoids.  The 
metamorphic  rocks  show  rather  polymetamorphic  evolution,  with  generally  two 
distinct  stages  of  metamorphism,  differing  in  PT-conditions.  .High-pressure 
metamorphism  (Ml)  is  preserved  by  relict  in  metabasites,  indicating  eclogite  facies 
stage,  i.e.:  Plg-Cpx  (diopside)  symplectites  after  omphacite,  kelyphitic  rims  of 
PIg+Amph  around  garnets,  several  generations  of  amphiboles  etc.  Although  the 
peak  pressure  conditions  cannot  be  evaluated,  geothermobarometric  calculations 
yield  the  PT  conditions  of  10-13  kbar  and  650-700  ®  C,  recording  the  breakdown 
stage  in  the  upper  amphibolite  to  granutite  facies  conditions  during  the 
exhumations.  Medium  to  low-pressure  metamorphism  (M2)  is  widespread,  closely 
related  to  granitoid  plutonism.  High-grade  metapelites  and  metabasites  show 
intense  migmati-  tization  due  to  partial  melting.  In  metabasites,  trondhjemitic  to 
tonalitic  leucosomes  are  developed  by  dehydratation  melting  of  amphibole  in  the 
migmatitic  (banded)  amphibolites  which  contain  sporadic  lenses  of  retrograded 
eclogites.  In  metapelites,  granitic  to  tonalitic  leucosome  was  generated  by 
dehydratation  melting  of  muscovite  and  biotite  in  the  sillimanite  stability  field 
(garnet  and  cordierite  as  a  restite) 


CONSTRUCTION  OF  THE  STRUCTURAL  CROSS-SECTIONS  THROUGH 
THE  CARPATHIAN  FLYSCH  BELT  USING  THE  METHODS  OF  THE 
FREQUENCY  ANALYSIS  OF  THE  SEISMIC  AND  GRAVITY  DATA 

O.  KrejCi  (1),  F.  Hubatka  (2)  and  J.  Svancara  (3) 

(1)  Czech  geological  Survey,  Branch  Brno,  (2)  Creofyzika  Co.,  Brno,  (3)  Institute  of 
Physics  of  the  Earth,  Masar>k  Um\’ersity  Brno 
OKREJCI@cgu.cz/Fax:  +420543212370 

The  Flysch  Belt  area  is  on  the  contact  of  the  Bohemian  Massif  and  the  West 
Carpathians.  The  data  in  this  area  include  results  from  a  number  of  deep  boreholes 
(up  over  6  km  deep)  and  an  e.xtensive  complex  of  geophysical  measurements.  The 
analysis  of  frequency  characterics  of  seismic  and  gravitv'  data  will  bring  the  data 
about  composition  of  density  balanced  cross-sections  of  the  upper  layer  of  the  crust 
along  selected  seismic  profiles  and  tracing  of  tectonic  elements.  The  impact  of  the 
thrusting  of  the  Alpine  nappes  on  the  deformation  of  the  crystalline  complexes  and 
their  sedimentary  cover  will  be  studied.  Analysis  of  the  frenquency  od  seismic  and 
gravity*  data  belongs  to  most  recent  geophysical  research  techniques.  This  technique 
makes  it  posible  to  identify  from  the  seismic  and  gravity  data  rather  low-amplitude 
structural-tectonic  features.  The  method  is  based  on  combined  analyses  of  the 
reflectance  image  of  the  derived  gravity  field  and  of  the  changes  of  the  seismic 
echogenity'. 


GEOLOGICAL  TRAVERSE  R5  IN  THE  UKRAINIAN  CARPATHIANS 
ACCORDING  TO  THE  GEOPHYSICAL  DATA 

E.Kuzmenko(l),  S.Anikejev(l).  V.Bilichenko(2),V.Chebon(2),  P.Sheremjeta{2), 
V.Stopaniuk(l) 

(1)  Ivano-Frankivsk  State  Technical  University, 

(2)  Westem-Ukraine  Geophysics  Expedition,  Lviv 
ifdtung@omega.icmp.Iviv.ua/Fax:(380)-0342-42139 

The  international  geophysical  travers  II  stretches  across  the  territory  of  the  Ukrainian 
Carpatheans.  6  more  travers  have  been  planned  to  explore.  Among  them  5  cross  ones 
R1-R5  and  one  connecting  PI.  Travers  R5  stretches  from  noth-east  to  south-west 
through  Podilsko-Bukovinske  uplands  of  the  Easten  European  Platform,  the 
Predcarpathian  bending,  Skiba  zone  and  Crosno  zone  of  the  Central  Carpathians. 
Along  R5  seismic  and  gravimetric  explorations  are  carried  out,  drillings  to  the  depth 
of  6  kilometres  are  also  made.  Seismic  studies  are  made  using  the  method  of  general 
depth  point.  Reflected  waves  of  good  quality  have  been  registered  in  the  time  interval 
to  6  seconds  which  corresponds  to  12  km  depth.  Profile  interpretation  is  fulfilled  with 
the  help  of  programme  package  SPS-PC{2D).  Gravimetric  studies  are  made  500x500 
metres  square,  through  wich  R5  stretches.  The  interpretations  is  fulfilled  with  the  help 
of  "Density"(3D)  package  programmes.  Detailed  lethological-  stratigraphical 
characteristics  of  the  geological  section  and  new  data  on  tectonics  are  received.  The 
given  geologo-geophysical  section  is  a  basis  for  future  perspective  space  geological 
studies  and  figuring  out  the  true  mechanism  of  the  Carpathians  genesis. 


STRUCTURAL  EVOLUTION  OF  ALPINE  ECLOGITES:  IMPLICATIONS 
FOR  ALPINE  GEODYNAMICS 

W.Kurzfl).  W.  Unzog  (1),  F.  Neubauer  (2) 

(1)  Inst,  fiir  Geologic,  Univ.  Graz,  Austria,  (2)  Inst,  fiir  Geologie,  Univ.  Salzburg, 
Austria.  -  waIter.kurz@kfunigraz.ac.at/Fax.:  +43-316-380-9870 

In  the  Eastern  Alps  Alpine  eclogites  are  generally  associated  with  rocks  of 
continental  lithosphere,  while  eclogites  that  are  associated  with  oceanic  assemblages 
are  restricted  to  minor  exposures.  We  investigated  two  areas  within  the  Eastern  Alps 
where  eclogites  and  eclogite  facies  rocks  which  suffered  a  contasting  P-T-d 
evolution  are  exposed:  (1)  In  the  central  southern  part  of  the  Tauem  Window 
(Eclogite  Zone)  eclogites  and  associated  high  pressure  metasediments  of  a  distal 
continental  margin  are  intercalated  between  Penninic  basement  units.  A  mylonitic 
eciogitic  foliation  and  stretching  lineation  are  contemporaneous  to  the  high  pressure 
metamorphism  and  are  related  to  the  subduction  of  distal  Penninic  continental 
margin  sequences.  Omphacites  show  a  well  developed  crystallographic  preferred 
orientation.  (Continuous  subduction  of  cool  lithosphere  resulted  in  blueschisl  facies 
overprint  of  the  whole  nappe  pile.  (2)  Within  the  Middle-Austro-Alpine 
Koralm/Saualm  region  most  eclogites  are  eciogitic  mylonites  documenting  plastic 
deformation  of  omphacite  with  well  developed  CPO’s,  and  plasticity  of  garnet.  The 
structures  indicate  an  overall  extensional  regime  possibly  related  to  a  large-scale  SE- 
direcled  ductile  low-angle  normal  shear  zone.  The  eclogites  are  associated  with 
migmatite-like  strucmres  and  are  intruded  by  pegmatites.  This  indicates  decreasing 
pressure,  but  isothermal  or  even  increasing  temperature  conditions  during 
exhumation.  These  relationships  argue  for  the  subduction  of  (Penninic)  continental 
lithosphere  in  the  foot-wall  of  the  Austroalpine  unit  at  the  time  of  exhumation  of  the 
Koralm/Saualm  eclogites.  Formation  of  these  eclogites  is  explained  by  subduction 
of  coo!  continental  lithosphere,  and  subsequent,  rapid  exhumation  in  a  lower  plate 
tectonic  position  within  an  extensional  regime. 


TECTONIC  AND  RHEOLOGIC  EVOLUTION  OF  SEDIMENTARY  BASINS 
IN  THE  PANNONIAN-CARPATHIAN  AREA 

Anco  Lankreijer 

Inst,  of  Earth  Sciences,  Vrije  Universileit,  Amsterdam,  lana@geo.vu.nl  • 

The  peculiar  geophysical  and  geodynamic  situation  of  the  Neogene  PANCARDI 
system  is  a  result  of  the  complex  interaction  of  tectonics  and  lithosphere  rheology  in 
the  area.  Analyses  of  tectonic  subsidence  in  several  sub-basins  of  the  Pannonian  basin 
system  s.I.  indicates  the  existence  of  at  least  two  different  periods  of  rapid  subsidence 
which  are  interpreted  as  individual  extension  phases.  Karpatian  extension  is  evident  In 
all  sub-basins  as  the  initial  phase  of  rapid  subsidence.  In  some  sub-basins  (Vienna  and 
East  Slovakian  basin)  this  phase  is  manifested  as  a  transtensional  one.  In  other 
sub-basins  Karpatian  extension  took  place  by  a  simple-shear  mechanism  (Danube 
basin,  Styrian  basin).  In  the  central  parts  of  the  Pannonian  basin  system,  a  second 
phase  of  rapid  tectonic  subsidence  is  interpreted  for  Sarmatian  -  Early  Pannonian 
times.  This  phase  is  also  observed  in  the  peripheral  basins  of  the  Pannonian  basin 
system  as  a  minor  subsidence  increase.  A  marked  contrast  between  peripheral  and 
central  basins  also  exists  in  the  evolution  of  lithospheric  strength.  The  peripheral 
basins  are  charcterised  by  a  general  strengthening  after  Kaipatian  limes.  The  Central 
basins  portray  a  distinct  weakening  of  lithosphere  rheology.  These  changes  in 
lithospheric  rigidity  have  pronounced  effects  on  the  stratigraphic  evolution  of  the 
sedimentary  basin  overlying  the  Pannonian  lithosphere. 


JOINT  TOMOGRAPHY  INVERSION  OF  THE  CARPATHIAN 
ARC  IN  ROMANIA 

Michael  Martin  (1),  Frank  P.  Lorenz  (1),  Mihnea  C.  Oncescu  (1)  and  Friede- 
mann  Wenzel  (1) 

(1)  Geophysical  Institute,  University  of  Karlsruhe,  Germany. 

Two  sets  of  traveltime  data  were  combined  for  the  calculation  of  a  joint  inver¬ 
sion  after  Roecker.  The  current  teleseismic  data  set  for  this  regional  study  of 
the  Vrancea  Region  was  recorded  between  1991  and  1997  from  the  National 
Romanian  Seismic  Network  and  contains  120  teleseismic  earthquakes  with  P 
and  PKP  first  breaks.  In  addition  we  used  about  5000  P  and  S  arrivals  from 
local  events  that  were  already  inverted  by  Oncescu  for  his  PhD-thesis. 

The  major  feature  of  the  inversion  results  is  a  high  velocity  volume  that  is  conti- 
nous  with  increasing  depth.  The  extension  in  the  upper  part  between  20km  and 
120km  is  from  northeast  to  southwest.  In  the  lower  part  below  120km  the  high 
velocity  volume  is  limited  to  the  seismic  active  volume.  Between  35  and  70km 
it  is  separated  into  two  parts  divided  by  a  volume  with  lower  velocities.  This 
range  fits  with  the  seismic  inactive  region  as  far  as  the  crust-mantle  boundary. 
The  strong  influence  of  the  Moho  topography  under  the  Carpathian  Foredeep 
(Focsani  Basin)  is  demonstrated  by  variations  in  the  model  parameterization. 
The  resolution  capability  of  the  inversion  method  is  evaluated  with  a  synthetic 
calculation.  It  shows  the  sensitivity  of  the  method  with  regard  to  velocity  per¬ 
turbation  value  variations  within  the  slab  structure.  This  must  be  suggested 
especially  in  context  of  Moho  undulations. 
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PALEOMAGNETIC  RESULTS  FROM  TERTIARY  PODHALLE 
FLYSCH,  POLISH  WEST  CARPATHIANS 

E.  Marion  (1),  A.  K.  Tokarski  (2)  and  L.  Mastella  (3) 

(1)  ELGl  Paleomagnetic  Laboratory,  Columbus  u.  17-23,  H-114S  Budapest, 
Hungary,  hllOOOmar@helka.iif.hu  fax:+36  1  3193203  (2)  Polish  Academy 
of  Sciences,  Institute  of  Geological  Sciences,  Senacka  1,  PL  31-002 
Krakow,  Poland,  ndtokars@cyf-kr.edu.pl  (3)  Faculty  of  Geology,  Warsaw 
University,  Zwirki  i  Wigury  93,  PL  02-089  Warsaw,  Poland 

The  Podhalle  basin  is  part  of  the  Inner  Carpathian  flysch  basin  system, 
situated  between  the  Tatra  Mts.  and  the  Pienniny  Klippen  Belt. 

Of  the  30  Paleogene  localities,  inspected  in  the  basin,  eventually  10 
localities  were  sampled  for  the  present  paleomagnetic  study,  which  also 
included  low  field  susceptibility  anisotropy  measurements. 

The  magnetic  fabric  of  the  sampled  beds  may  be  described  as  dominantly 
foliated  (degree  of  foliation  is  4-9  per  cent).  Lineation  is  subordinate  (0.4- 
1.2  per  cent).  Maximum  susceptibility  directions  either  cluster  or  are 
intermixed  with  the  intermediere  directions  in  the  plane  of  foliation.  When 
they  do  cluster,  they  are  roughly  E-W  directed,  in  agreement  with  the 
general  sedimentary  transport  direction  in  the  flysch  basin. 

The  remanence  is  often  overprinted.  Nevertheless,  characteristic  remanences 
of  moderate  stability  may  be  identified  at  most  localities.  For  the  successful 
ones  the  measured  declinations  are  westerly,  inclinations  are  somewhat 
shallower  than  the  present  inclination,  suggesting  that  the  tectonic  transport 
was  accompanied  by  moderate  northward  shift  and  large  counterclockwise 
rotations. 


RECONSTRUCTION  OF  THE  GEODYNAMIC  DEVELOPMENT 
OF  THE  NORTHERN  CALCAREOUS  ALPS  BASED  ON  PALEO- 
MAGNETISM  —  REVIEW  AND  NEW  DATA 
Hermann  J.  Mauritsch,  Robert  Scholger  and  Herbert  Haubold 
Paleomagnetic  Laboratory  ‘Gams’,  Gams  45,  A-8130  Frohnleiten,  Austria, 
hermann .mauritschOunileoben . ac . at 

Major  problems  regarding  the  structural  development  of  the  Northern  Calcare¬ 
ous  Alps  (NKA)  include  their  position  relative  to  the  southern  and  northern 
continental  margins  of  the  Tethys  during  the  Jurassic/Cretaceous  and  the  de¬ 
tails  of  a  possible  lateral  extrusion  of  the  Transdanubian  Range  during  the  Cre¬ 
taceous  caused  by  the  indentation  of  the  NKA  by  the  Southern  .Alps.  Within 
the  last  two  decades,  valuable  paleomagnetic  data  were  obtained  from  various 
units  of  the  NK.A,  however,  apparently  contrasting  results  led  to  alternative 
geodynamic  interpretations,  mostly  owing  to  an  insufficient  temporal  and  spa- 
cial  density  of  sampling.  As  a  part  of  a  new  ongoing  study  we  review  the  pale¬ 
omagnetic  data  set  obtained  until  now  and  also  present  new  data  from  several 
sections  of  the  upper  Cretaceous  (Gosau)  strata  in  Austria:  Sites  from  the  In- 
ntal  region  (Tyrol)  typically  yielded  both  easterly  and  westerly  magnetization 
components  depending  on  the  depositional  facies  type,  likely  due  to  clockwise 
rotation  and  subsequent  acquisition  of  a  diagenetic  magnetization  component. 
However  only  cw  rotations  were  obtained  from  the  Gosau  in  the  vicinity  of 
Salzburg  and  only  ccw  rotations  from  sites  in  the  Neue  Welt  in  the  vicinity  of 
the  Vienna  Basin.  These  data  support  a  geodynamic  modei  involving  sinistra! 
displacement  of  the  NK.A  east  of  the  Bohemian  massif. 


PLATE  TECTONICS  OF  THE  APULIA-CARPHATIAN  REGIONS 
J.  Mosar  and  G.M.  Stampfli 

Institut  de  Geologic  et  Paleontologie,  Universite  de  Lausanne 
BFSH-2,  CH-I015  Lausanne,  Switzerland 
Jon.mosar@Sst.Unil.CH  Gerard.Stampfli@Igp.Unil.CH 

We  propose  a  new  plate  model  for  the  development  of  the  Caqjathian  arc  in  which  a 
major  role  is  played  by  the  movement  of  the  Apulian  plate  between  Africa  and 
Europe.  The  successive  developments  and  closures  of  the  Meliata  and  Vardar 
oceans  and  the  subsequent  subduction  of  the  Alpine  Tethys  are  reponsible  for  the 
development  of  the  Pannonian  basin  as  well  as  the  Caipathian  -  Dinarides  mountain 
belts.  Many  of  the  terranes  now  compressed  into  the  Carpathian  arc  were  formerly 
distributed  along  the  passive  margins  of  the  Meliata  and  thereafter  the  Vardar  ocean. 
Subduction  of  the  Meliata  ocean  leads  first  to  the  back-arc  development  of  the 
Vardar  ocean  and  the  eventually  to  the  subduction  of  the  Austroalpine  s.l.  terranes 
and  the  Alpine  Tethys.  The  subsequent  closure  of  the  Vardar  ocean  induces  the 
displacement  of  the  Apulian  plate  towards  the  NE.  This  produces  an  eastward  lateral 
escape  of  the  northern  most  terranes  of  the  Apulian  plate  at  the  transition  to  the 
Austroalpine  s.l.  plate  (Transdanubian  range,  Bukk,  Apusini/E-Tizia,  MesekAV- 
Tizia),  which  are  delivered.  The  Apulian  promontory  subsequently  moves  to  the  W, 
to  finally  collide  with  the  passive  margin  of  Europe.  The  traction  exerted  by  the 
subduction  on  the  Alpine  Tethys  in  the  paleo-Carpathian  region,  pulls  the  terranes 
into  their  final  position. 

Reference :  httD://www-sst.unil.ch 


MECHANICS  AND  RHEOLOGY  OF  THE  EARTH’S  CRUST  OF 
THE  TRANSCARPATHIANS  ACCORDING  TO  SPATIAL- 
TEMPORAL  STRUCTURE  OF  SEISMOGEOACOUSTIC  MODE 
AND  A  COMPLEX  OF  GEOPHYSICAL  DATA. 

A.V.Nazarevych,  L.Ye.  Nazarevych  (Carpathian  Branth  of  Subbotin 
Institute  of  Geophysics  of  NASU,  Naukova  str.  3-B,  290601,  L'viv, 
UKRAINE). 

Ukrainian  Transcarpathians  is  a  seismically  active  region 
characterised  by  tectonic  compression  perpendicular  to  the 
Carpathians,  small  (25  km)  thickness  of  the  Earth's  crust,  higt  (upto 
130  mw/sq.m)  heat  flow,  crust  earthquakes  of  average  intensity  and 
small  (upto  12  km)  depth  of  hypocenters.  Specific  character  of  a 
seismic  mode  and  peculiarities  of  local  earthquake  mechanism  are 
due  to  strong  differentiation  between  rheological  properties  of  rocks 
and  the  depth,  and  are  expressed  by  the  following  parameters: 
spatial-temporal  migration  of  earthquakes  with  specific  temporal  and 
spatial  features  and  distinctive  mechanisms,  tectonic  localization  of 
hypocenters,  characteristics  of  microseismic  fields,  correspondent 
spatial-temporal  variations  of  seismic,  acoustic  and  nonlinear- 
parametric  characterictics  of  rock  massifs,  as  well  as  strain  variations, 
variations  of  magnetic  and  electromagnetic  fields,  changes  of  electric 
resistance  of  rocks. 


STRUCTURE  AND  CONTENTS  OF  THE  WEST  CARPATHIAN 
ACCRETIONARY  WEDGE:  INSIGHTS  FROM  BALANCING  AND  SAND¬ 
BOX  MODELING 

M.Nemcok  ( I ),  M.P.Coward  (2).  W.J.Sercombe  (3)  and  R.A.KIecker  (3) 

(1)  Inst,  for  Geology.  University  of  Wuerzburg.  Wuerzburg.  Germany, (2)  Dept,  of 
Geology.  Imperial  College.  London,  UK,  (3)  Amoco  Prod.  Co..  Houston,  USA 
mnemcok@geologie.uni-wuerzburg.de/Fax:  +49-93 1-312378 

The  restoration  of  structures  along  five  balanced  cross  sections  through  the  West 
Caqjathian  accretionary  wedge  and  pseudo-3D  restoration  in  the  Smilno  Tectonic 
Window  area  shows  that  various  defined  units  are  parts  of  Magura  and  Silesian 
Basin  fills.  The  shortened  Magura  Basin  fill  was  detached  at  the  Upper  Cretaceous 
stratigraphic  level.  The  shortened  Silesian  Basin  was  detached  at  the  Lower 
Cretaceous  stratigraphic  level.  The  Magura  Basin  was  the  western  neighbor  of  the 
Silesian  Basin.  Both  basins  were  shortened  during  Paleogene;  the  Magura  Basin  due 
to  collision  and  the  Silesian  Basin  due  to  subduction.  The  Magura  Unit  thrust  over 
the  Silesian  Basin  fill  as  the  out-of-sequence  oblique  thrust  during  the  Neogene.  The 
general  shortening  mode  is  piggy-back.  Thrust  geometries  are  created  by  both  fault- 
bend  arid  fault-propagation  folding.  The  frequent  out-of-sequence  thrusting  is  caused 
by  the  involvement  of  the  basement  in  the  shortening  and  by  the  friction/erosion 
interplay.  Interpreted  structures  are  compared  with  sand-box  models.  Variations  in 
friction  along  the  basal  thrust  include  the  low  friction,  documented  by  subhorizontal 
veins  with  vertically  grown  fibers  and  long  thrust  sheets,  medium  friction,  indicated 
by  duplexing  and  high  friction,  indicated  by  antiformal  stacks  and  back  thrusting. 


EXHUMATION  OF  THE  TAUERN  WINDOW,  EASTERN  ALPS 

Franz  Neubauer  (1).  Johann  Censer,  (1)  Waller  Kurz  (2),  Xianda  Wang  (1) 

(1)  Dept  of  Geology,  University  of  Salzburg.  Austria;  (2)  Dept,  of  Geology, 

University  of  Graz,  Austria 

ftanz  neubauer@sbg.ac.at/Fa.\:  +43-662-8044-62 1 

The  exhumation  of  metamorphic  domes  within  orogenic  belts,  as  exemplified  by 
the  Tauem  window  in  the  Eastern  Alps,  is  often  related  to  partitioning  of  final 
shortening  into  deep-seated  thrusts,  near-surface  antiformal  bending  forming 
brachyanticlines,  and  almost  orogen-parallel  strike-slip  faults  due  to  oblique 
continental  plate  collision.  Low-angle  normal  faults  at  releasing  steps  of  crustal- 
scale  strike-slip  faults  accomodate  tectonic  unloading  of  synchronously 
thickened  crust  and  extension  along  strike  of  the  orogen,  forming  pull-apart 
metamorphic  domes.  Initiation  of  low-angle  normal  faults  is  largely  controlled 
by  rock  rheology  at  the  brittle-ductile  transitional  level  within  the  lithosphere. 
Therefore,  several  mechanisms  may  contribute  to  uplift  and  exhumation  of 
preiiously  buried  crust  within  such  settings:  (1)  shortening  along  deep-seated 
blind  thrusts  resulted  in  formation  of  brachyanticlines  and  bending  of 
metamorphic  isogrades;  (2)  oversteps  of  strike-slip  faults  within  the  wrench  zone 
control  the  final  geometry  of  the  window;  and  (3)  unloading  by  tectonic 
unroofing  and  surface  erosion.  Rapid  decompression  of  previously  buried  crust 
results  in  nearly  isothermal  exhumation  paths,  and  enhanced  fluid  circulation 
along  subvertical  tension  gashes  (hydrothermal  ore  and  silicate  veins)  that 
formed  due  to  overall  stretching  of  lower  plate  crust.  In  contrast,  the  upper  plate 
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FAST  CLOCKWISE  ROTATION  IN  THE  EASTERN  PANCARDI  REGION 
DURING  MIDLE  MIOCENE 

C.  Panaiotii  (1),  C.E.  Panaiotu  (1),  Z.  Picskay  (2),  E.  Rosu  (3) 

(1)  University  of  Bucharest,  Romania,  (2)  Institute  of  Nuclear  Research,  Debrecen, 
Hungary,  (3)  Romanian  Geological  Survey,  Bucharest,  Romania 
epanaiotu@pcnet.pcnet.ro 

Recent  K-Ar  ages  show  that  the  Miocene  volcanism  in  the  Apuseni  Mountains  took 
place  between  14.7  -  7.4  Ma.  Several  sites  sampled  for  both  K-Ar  ages  and 
paleomagnetic  measurements.  The  new  paleomagnetic  data  are  grouping  in  two 
distinct  clusters:  one  characterized  by  about  550and  the  other  by  220  clockwise 
rotation  with  respect  to  Europe.  The  mean  age  of  the  first  group  is  around  14.2  Ma 
and  for  the  second  one  is  13.0  Ma.  Previous  paleomagnetic  sites,  probably  younger 
than  1 1-12  Ma,  reveal  no  rotation.  Recent  paleomagnetic  results  from  Eocene  rocks 
from  Transylvanian  Basin  show  that  the  entire  basin  was  rotated  around  670  post 
Eocene.  The  new  paleomagnetic  results  indicate  that  most  of  this  clockwise  rotation 
took  place  very  fast  during  Late  Badenian  -  Early  Sarmatian.  These  data  point  that 
the  rotation  of  the  eastern  part  of  the  PANCARDI  region  took  place  after  the 
cessation  of  the  counterclockwise  rotation  of  the  northern  part  of  the  PANCARDI 
area.  According  to  available  paleomagnetic  data  the  movements  are  sudden  and,  long 
time  elapse  without  discernible  change  in  the  orientation  of  the  paleomagnetic 
vectors.  Similar  characteristics  of  the  paleomagnetic  data  were  also  observed  in  other 
areas  of  the  PANCARDI  region. 


KINEMATICS  .AND  MET.AMORPHISM  OF  A  CRETACEOUS  CORE 
COMPLEX:  THE  VEPORIC  UNIT  OF  THE  WESTERN  CARPATHIANS 

D.  Plagienka  ( 1 ).  M.  Jmiiik  (1).  B.  Luptnk  (2).  R.  Milovsky  (1)  and  M.  Frey  (3) 

(1)  Gcol.  Inst..  Slot  .  Acad,  Sci..  Bratislava.  (2)  Dept.  Mineral.  Petrol..  Comcnius 
Univ..  Bratislava.  (3)  Inst.  Mineral,  Petrol..  Univ.  Basel 
geolplasff  savba.savba.sk, Ta.s:  +421-7-377  097 

The  Vcporicum  is  the  middle  of  three  south-dipping  thick-skinned  basement/cover 
imbricates  of  the  Central  Western  Carpathians.  These  originated  by  Cretaceous 
crustal  stacking  of  the  low  er  plate  due  to  collision  after  locking  of  the  Meliatic 
ocean.  The  exposed  eastern  part  of  the  Vcporic  supenmit  in  Central  Slovakia  shows 
n  doma!  siructitre  with  onidn-like  arrangemettt  of  Variscan  basement  and 
Permomesozoic  cot  er  compic.xcs.  The  Alpine  mcltimorphic  overprint  reaches  ca 
60I)°C  and  1 1  kbar  in  the  deepest  exposed  basement  unit  (micaschists)  and  ca 
4.3tl°C  and  6  kbar  in  metasedinients  along  the  southern  periphery  of  the  dome. 
Thcrmochronological.  preferably  Ar/Ar  data  indictilc  cooling  and  e.xhumalion 
starting  at  ca  1 10  Mti  liimphibolcs).  to  90-St)  Ma  tnticas).  The  core  complex  was 
exhumed  by  a  gcnerallt  cast-dipping  lott-angic  normal  fault  accompanied  by  a 
huge  ductile  shear  zone  with  top-to-citst  shear  sense  indicators.  The  mctamorphic 
isograds  arc  telescoped  and  sometimes  discontinuous  withiit  this  cxtensional  shear 
zone  embracing  topmost  Vcporic  basement  and  all  cot  or  complexes.  The  unroofed 
ot  erburden  int  olt  cd  basemcni/cover  units  of  the  ot  erridden  Ocmeric  sheet  and  a 
higher  stack  of  the  Meliatic  accrciionart -suture  complexes. 


MORB  BASALTS  FROM  MELIATA  -  HALLSTATT  OCEAN  (MELIATA 
UNIT,  INNER  WESTERN  CARAPATHIANS) 

J.  SoiSiak  (1)  and  D.  Hovorka  (2) 

(1)  Geological  Institute,  Slovak  Academy  of  Science,  Banskd  Bystrica,  Slovakia 

(2)  Faculty  of  Natural  Sciences,  Comenius  University,  Bratislava,  Slovakia 
spisiak@gu.bb.sanet.sk  /Fax:  421/88/723943 

In  Gemericum  Mesozoic  basalts  occur  in  the  Meliata  group  (Mock  1980)  in  three 
subunits  that  are  close  to  each  other  as  for  age  and  their  geotectonic  pattern:  1/ 
Jaklovce  group  and  2/  Meliata  group  s.s,  3/  Borka  nappe.  In  the  former  there  are 
mostly  basalts  (rarely  pillow  lavas)  and  gabbroes  closely  associating  with 
serpentinites  and  radiolarites.  The  basalts  often  penetrate  through  radiolarite  schists 
that  belong  to  the  Middle  through  Upper  Triassic.  They  have  preserved  relicts  of  a 
primary  association  of  Cp.x  and  Pig.  As  for  composition  Cp.x  are  augites  (Morimoto 
et  al.  1988),  and/or  they  correspond  to  those  from  tholeiitic  rocks  (Leterrier  et  al. 
1982),  With  reference  to  different  discrimination  diagrams  (Pearce  and  Cann  1973, 
Pearce  and  Norry  1979,  Meschede  1982,  Floyd  and  Winchester  1975,  Mullen  1983, 
etc.)  and  REE  distribution  pattern  they  correspond  to  N-type  MORB.  The  basalts  of 
Meliata  group  s.s.  have  been  altered  to  a  high  degree  and  have  not  preserved 
primary  minerals,  geochemically  they  are  like  those  of  the  Jaklovce  group.  Along 
with  basalts  there  often  occur  lizardite-chrysotile  serpentinites,  radiolarites,  lydites 
and  others.  Borka  nappe  contain  basic  rocks  experienced  metamorphism  HP/LT 
condition.  Volcanic  activity  culminated  in  the  Camian  and  Norian.  The  occurrence 
of  MORB-type  basalts  together  with  the  presence  of  ultrabasites  and  radiolarites 
prove  that  the  Meliata-Hallstatt  had  an  ocean-type  crust  as  early  as  the  Upper 
Triassic. 


MULULAYER  P-WAVEFORM  INVERSION  MODELS  OF  THE 
EARTH’S  CRUST  IN  THE  EAST  CARPATHIAN  REGION 

Starodub  G.,  Geophysical  Inst.  Natl.  Acad  Sci.  of  Ukraine,  Yaroslavenka 
Str.  27, 29001 1  Lviv,  Ukraine,  starodub@seisin.lviv.ua 
Gnyp  A,  Carpathian  Div.  Geophysical  Ihst.  Natl.  Acad.  Sci.  of  Ukraine, 
Naukova  Str.  3B,  290601  Lviv,  Uloaine,  va@eaip.lviv.ua 

Our  previous  P-waveform  inversion  study  resulted  in  5-6  gross  layer  models 
of  the  Earth's  crust  beneath  the  three  broadband  stations  of  East  Carpathian 
Regional  Seismic  Network.  P-  and  S-wave  velocities  and  quality  factors  as 
well  as  layer  thicknesses  were  determined  as  statistically  independent  model 
parameters.  Initial  models  originated  from  deep  seismic  sounding  data.  Then, 
we  repeated  the  inversion  analysis  for  the  same  stations  using 25-30  layer  P- 
wave  velocity  models  with  constant  P-  and  S-wave  quality  factors  and  layer 
thicknesses.  Densities  and  S-wave  velocities  were  substituted  by  P-wave 
velocity  expressions,  hi  the  first  experiment,  deep  seismic  sounding  models 
were  randomized  to  create  the  families  of  initial  models  with  prescribed  P- 
wave  velocity  variation  range.  In  the  second  one.  the  gross  layer  inversion 
models  were  used  to  produce  the  sets  of  initial  models.  Sets  of  final  models 
speared  to  split  forming  the  several  groups  with  different  models  as  the 
centers  of  attraction  These  models  are  analyzed  and  compared  to  taking  into 
account  their  resolution  and  how  they  fit  the  observables. 


STRUCTURAL  DEVELOPMENT  OF  INNER  PART  OF  THE  MAGURA 
NAPPE,  OUTER  CARPATHIANS  (POLAND) 

Antoni  K.  Tokarski  &  Anna  Swierezewska  (Institute  of  Geological  Sciences,  Polish 
Academy  of  Sciences,  Senacka  1-3,  31-002  Krak— w,  Poland,  e-mail:  ndtokars@cyf- 
kr.edu.pl) 

This  paper  discusses  structural  evolution  of  the  inner  part  of  the  Magura  nappe  which 
is  the  innermost  nappe  of  the  Outer  Carpathian  fold-and-thrust-belt  in  Poland.  The 
study  of  small-scale  structures  has  been  combined  with  analysis  of:  map-scale  features, 
mineral  veins  and  clay  minerals.  Five  groups  of  small-scale  structures  have  been 
analysed:  deformation  bands,  clastic  dykes,  hydroplastic  faults,  joints  and  brittle  faults. 
The  struemres  of  particular  groups  have  been  dated  in  relation  to:  (i)  the  structures  of 
other  groups,  (ii)  map-scale  features,  (iii)  appearance  of  particular  types  of 
mineralization,  (iv)  increasing  induration  of  the  strata  involved  and,  (v)  diagenetic 
maturity.  In  result,  we  have  traced  structural  history  since  deposition  of  the  strata 
involved,  through  their  lithification  up  to  their  complete  induration.  This  history 
comprises  two  successive  periods.  The  first  period  comprised  folding  and  thrusting 
which  started  in  the  Paleocene  time,  during  deposition  of  the  strata  involved,  and  was 
completed  during  Eocene  times  when  these  strata  were  still  poorly  indurated.  The 
second  period  occurred  when  the  involved  strata  were  completely  indurated.  This 
period  comprised  several  successive  stages  of  strike-slip  and  normal  faulting.  The  bulk 
of  mineralization  Occurred  during  the  second  period. 


MICROFABRICS  AND  CPO'S  AT  DIFFERENT  STRUCTURAL  LEVELS 
OF  THE  EASTERN  CENTRAL  ALPS:  IMPLICATION  FOR  THE 
RHEOLOGICAL  EVOLUTION  OF  A  COLLISIONAL  OROGEN 

W.  UnzQg.  W.  Kurz, 

Inst,  filr  Geologic,  Univ.  Graz,  Austria. 
unzog@kfunigra2.ac.at/Fax.:  +43-3 1 6-380-9870 

The  Eastern  Alps  are  generally  subdivided  into  two  mega-units:  (1)  the  Austroalpine 
nappe  complex,  and  the  (2)  Penninic  nappe  complex  (exposed  within  the  Tauem 
Window),  that  are  separated  by  the  ophiolithic  suture  of  the  Glockner  Nappe.  Both 
mega-units  include  a  pre-Alpine  basement  covered  by  Permian  to  Mesozoic,  and 
partly  Cenozoic  cover  sequences.  Both  mega-units  are  characterized  by  polyphase 
deformations  at  different  metamorphio  and  rheological  conditions.  During  distinct 
phases  of  Alpine  orogenesis  these  units  have  been  incotporated  within  several 
Austroalpine  and  Penninic  nappes.  Nappe  stacking  within  the  Austroalpine  unit 
ocurred  during  the  Lower  Cretaceous.  Within  foot-wall  units  (Middle-Austroalpine 
basement)  the  microfabrics  and  CPO's  indicate  deformation  at  elevated 
temperatures  and  pressures  (amphibolite  facies  metamorphic  conditions).  In 
contrast,  in  the  hanging-wall  (Upper  Austroalpine  basement)  deformation  during 
nappe  stacking  occured  at  greenschist  facies  metamorphic  conditions.  Nappe 
stacking  within  the  Pennine  unit  ocurred  during  the  Upper  Cretaceous/Lower 
Tertiary  at  eclogite  to  blueschist  facies  metamorphic  conditions,  and  is 
contemporaneous  to  undetplating  beneath  the  Austroalpine  nappe  assemblage.  This 
triggered  the  formation  of  large-scale  SE-directed  ductile  low-angle  normal  shear 
zones  and  subsequent  (semi)brittle  faults  in  the  upper  plate  (Austroalpine  nappe 
stack).  During  the  final  lateral  extrusion  (Tertiary)  ductile  deformation  was 
concentrated  along  the  rheological  weak  rocks  (meta-carbonates)  of  the  former 
suture  (Glockner  Nappe). 
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Meliata  ,  Hronic  and  Fatric  orogenies  of  the  West  Carpathians 
Revealed  hy  deep  reflection  seismics  in  the  East  Slovakia 

J.  Vozar  (1),  C,  Tomek  (2)  and  A.  Vozarova  (3) 

( 1 )  Slovakian  Geological  Survey,  Bratislava,  (2)  Institute  of  Geology, 
University  of  Salzburg.  (3)  Department  of  Petrology,  Komensky  University  of 
Bratislava 

(2)  Cestmir.Tomek'Itisbg.ac.at 

Eighty  kilometres  long  deep  seismic  line  G  through  the  East  Slovakia  passes  the 
East  Alpine  -  West  Carpathian  Mesozoic  erogenic  collage  in  its  eastermost  part 
where  all  participating  tectonic  units  are  condensed  and  relatively  undisnub^  by 
later  Cenozoic  tectonic  processes.  The  innennost  fragment  of  the  Late  Jurassic 
Meliata  orogeny  is  formed  by  only  tliree  kilometres  thick  wedge  broadening 
southwards  and  cut  by  the  Damo  Cenozoic  strike-slip  fault  in  the  South.  Meliata 
wedge  was  eroded  from  below  by  a  Gemer  thrust  sheet.  This  is  formed  by- 
imbrications  of  Paleozoic  rocks  slices  above  the  suture  of  Hronic  nappes  which 
was  formed  during  and  after  Hauterivian.  Hronic  nappes  root  in  subhorizontal 
mid-crustal  decollements.  Seismically  most  important  whole  crustal  package  of 
strong  reflections  is  caused  by  a  South  dipping  thmst  faults  of  Fatric  and 
probably  as  well  South  Penninic  origin.  Meliata  and  Gemeric  -  Hronic  nappes 
formed  the  upper  plate  for  the  Fatric  -  South  Penninic  orogeny.  Both.  Hronic 
and  Fatric  orogens  were  southweserly  verging,  but  the  sense  of  the  Meliata 
orogeny  is  not  clear.  The  opposite  vergency  is  as  welt  possible. 


SIGNIFICANCE  OF  GOSAU  BASINS  FOR  THE  UPPER  CRETACEOUS 
GEODYNAMIC  HISTORY  OF  THE  ALPINE-CARPATHIAN  BELT 

E.  Willineshofer  (1),  S.  Cloetingh  (1)  and  F.  Neubauer  (2) 

(1)  Faculty  of  Earth  Siences,  Vrije  Universiteit  Amsterdam.  (2)  Institut  fiir  Geologic 
und  PalSontologie,  University  Salzburg 
wile@geo.vu.nl/Fax:  +31-20-646-2457 

Important  information  on  the  lithospheric  response  to  orogenic  processes  can  be 
extracted  from  the  sedimentological  record  of  sedimentary  basins,  and  their  structural 
relationship  to  the  adjacent  basement.  The  formation  of  Upper  Cretaceous  "Gosau” 
basins,  all  over  the  Alpine-Carpathian  area,  is  a  key  feature  for  that  time  and 
represents  the  connecting  link  between  surfiice  and  subsurface  processes.The 
characteristic  features  of  Gosau  basins  are:  (1)  Gosau  transgression  follows  crustal 
thickening  events  by  thick-skinned  nappe  imbrication.  (2)  A  combination  of  strike- 
slip  and  normal  faults  plays  an  important  role  during  basin  formation.  (2)  The 
commonly  two  step  subsidence  history  with  a  moderate  initial  subsidence  followed  by 
a  distinct  subsidence  pulse,  causing  a  major  facies  change  from  alluvial  and  shallow 
water  to  a  deep  marine  depositional  environment.  Isotopic  studies  clearly  show,  that 
major  vertical  movements  of  previously  metamorphosed  basement  series  within  the 
orogenic  system  are  contemporaneous  with  basin  subsidence.  As  a  consequence 
lithospheric  strenght  is  reduced  in  these  thermally  active  regions  and  subsequent 
collapse  of  the  mechanically  weak  crust,  which  can  not  support  large  stresses  provides 
a  plaussible  frigger  for  Gosau  basin  formation  in  internal  positions  of  the  orogen. 


INTEGRATED  LITHOSPHERIC  MODELLING  IN  THE  WESTERN 
CARPATHIANS 

H.  Zeyen  Ill.  M.  Bielik  121 

(1)  Geophysical  Institut,  Uppsala  University,  (2)  Geophysical  Institute  of  the  Slovak 
Academy  of  Sciences 
geofmiro®savba.sk/Fax:  +421/7/375278 

Although  the  Western  Carpathians  belong  to  the  regions  which  are  geophysically 
well  surveyed,  the  study  of  its  lithosphere  structure  has  usually  been  performed  by 
independent  interpretation  of  the  single  geophysical  fields.  We  present  now  a  two- 
dimensional  numerical  model  using  combined  interpretation  of  heat  flow  density, 
absolute  topographic  elevation  and  the  gravity  data.  The  applied  FE  algorithm 
connects  temperatures  and  densities  through  the  thermal  expansion  coefficient  and 
calculates  topography  under  the  assumption  of  local  isostatic  equilibrium.  The 
crustal  structure  is  known  from  seismic  data  whereas  the  thickness  of  the  thermal 
lithosphere  is  obtained  by  trial  and  error.  The  method  was  applied  to  a  tran¬ 
sect  that  extends  from  the  European  platform,  via  the  Western  Carpathians  to  the 
Pannonian  Basin  and  intersects  in  NNW  -  SSE  direction  all  geological  units  of 
the  Western  Carpathians.  The  results  of  the  integrated  modelling  indicate  rema¬ 
nents  of  a  lithospheric  slab  underneath  the  Carpathians.  While  the  Central  Western 
Carpathians  are  characterized  by  a  lithospheric  root  (the  deepest  part  is  observed 
under  the  Pieniny  Klippen  belt)  the  Moho  is  relatively  flat  and  normal  depth.  The 
mean  lithospheric  thicknesses  vary  from  about  100  km  under  the  European  platform 
through  140  km  underneath  the  Carpathians  to  about  80  km  under  the  Pannonian 
Basin. 


3D-FLEXURAL  MODELLING  OF  THE  WEST-  AND  EAST  CARPATHIAN 
TRANSITION  ZONE:  PROBLEM  DESCRIPTION  AND  PRELIMINARY 
RESULTS 

Zoetemeiier.  R*.  J.D.  van  Wees*,  I.  Bubniak**  and  A  Slaczka***. 

♦Faculty  of  Earth  Sciences,  Vrije  Universiteit,  AMSTERDAM,  ‘‘Institute  of 
Geology  and  Geochemistry  of  Ruels,  LVIV,  “‘Jagiellonian  University,  Institute  of 
Geological  Sciences,  KRAKOW 

We  analyse  the  3D-flexural  expression  of  the  obliquely  interacting  sub- 
ducling/underthrusting  processes  acting  on  the  West-  and  East-European 
lithosphere.  We  concentrate  on  the  lateral  variation  in  effective  elastic  thickness 
(eet)  of  the  lithosphere.  The  weak  zones,  control  the  main  flexural  bending  of  the 
lithosphere  and  the  stronger  zones,  are  able  to  transfer  the  flexural  intra-plate 
stresses. 

Large  bending  stresses  under  the  East-  Carpathian  mountain  belt  cause  dramatic 
yielding  of  the  subducting  /underthrusting  lithosphere.  As  a  consequence  of  the  loss 
of  lithospheric  strength  fe.xural  stresses  can  no  longer  be  transmitted  to  the  foreland 
of  the  East-  European  lithosphere,  but  are  possibly  transferred  laterally  affecting  the 
subsiding  Polish  foredeep. 

However,  in  order  to  explain  the  folded  shape  of  the  foredeep  in  S.E.  Poland, 
“passive”  interaction  is  not  sufficient:  we  suggest  possible  NW  continuation  of  the 
East-Carpathian  system  under  the  foredeep  in  S.E.  Poland.  A  dynamic  e.xplanation 
for  this  interaction  may  be  sought  in  the  space  problems  that  occur  because  of 
subducting/underthrusting  convergent  European  lithospheric  plate  boundaries  that, 
therefore,  may  even  overlap  (?). 


NEOTECTONIC  STRUCTURES  IN  THE  OUTER  EAST  CARPATHIANS, 
POLAND,  IN  THE  LIGHT  OF  MORPHOMETRIC  STUDIES 

W.  Zuchiewicz 

Institute  of  Geological  Sciences,  Jagiellonian  University,  Oleandiy  2  A  PL-30063 
Krakow,  Poland;  e-mail:  witold(^ing.uj. edu.pl 

The  Outer  East  Carpathians  represent  a  typical  fold-and-thnist  belt  which  is 
composed  of  a  stack  of  nappes,  piled  one  upon  another  tliroughout  the  Middle-Late 
Miocene.  Numerous  pieces  of  evidence,  provided,  i.a.  by  well-bore  breakouts, 
deformation  of  oil  industry  well  logs,  structural  data  and  geomorphic  studies,  all 
indicate  Late  Cenozoic  tectonic  activity  of  tliis  area.  Classical  geomorphic  studies, 
focusing  on  deformations  of  planation  surfeces  and  fluvial  terraces,  make  it  possible 
to  distinguish  a  number  of  elevations  and  depressions  that  are  orientated  WNW-ESE 
in  the  southern  and  NW-SE  in  the  northern  parts  of  the  Outer  East  Carpathians  of 
Poland.  These  structures  are  also  detectable  on  maps  of  relief  energy,  envelopping 
sur&ces,  as  well  as  on  isobase  maps  Small  widths  of  these  stmetures  and  their 
subparallel  arrangement  in  respect  to  the  strike  of  principal  tluusts  artd  folds  allow 
one  to  suppose  that  they  originated  due  to  Pliocene-Quaternary  rela-xation  of 
remnant  horizontal  movements  within  the  flysch  nappes  (Late  Cenozoic  folding?). 
Similar  conclusions  can  be  drawn  from  analyses  of  time-series  of  river-bed  gradients 
and  of  some  river  valley  parametres,  including  the  valley  width/valley  height  ratios, 
that  show  zones  of  abnormally  high  gradients  being  associated  with  nappe  fronts, 
without  any  appreciable  lithological  control.  Tire  zones  of  abnomally  hi^  river  bed 
gradients,  decreased  widths  of  valley  bottoms  and  of  clearly  increased  relief  energy 
tend  to  be  confined  to  the  axes  of  NW-SE  trending  elevations. 


NEW  DATA  ON  STRUCTURAL  HISTORY  OF  SILESIAN  AND  MAGURA 
NAPPES,  OUTER  C  ARPATHI.ANS  (POLAND)  INFERRED  FRO.M  ANALYSIS 
OF  CROSS-FOLD  JOINTS 

Witold  Zuchiewicz  (Jagiellonian  University,  Oleandry  2A.  30-063  Krak— w,  Poland, 
wiloldiging.edu.pl);  Antoni  K.  Tokarski  (Polish  Academy  of  Sciences.  Senacka  1,31- 
002  Krak— w.  Poland,  ndtokarsgcyf-kr.edu.pl);  Jacek  Rubinkiewicz.  Paulina 
Leonowicz,  Ryszard  Szczesny  &  Leonard  Mastella  (Warsaw  University.  Zwirki  i 
Wigury  93,  02-089  Warszawa.  Poland,  rubikggeo.uw.edu.pl) 

Cross-fold  joints  have  been  studied  at  250  stations  located  within  the  Silesian  and 
Magura  nappes  along  the  320  km  long  Polish  segment  of  the  Outer  Carpathians.  These 
joints  comprise  one  or  two  systems,  each  of  them  composed  of  a  single  set  of  T  joints 
and  two  conjugated  sets  of  D1  and  D2  joints.  In  both  nappes  cross-fold  joints  of  all  sets 
are  symmetrically  arranged  within  the  map-scale  folds.  Both  T  joints  and  the  acute 
bisector  between  the  D1  and  D2  joints  strike  subperpendicular  to  the  map-scale  fold 
axes.  This  indicates  interrelation  between  the  cross-fold  joints  and  the  map-scale  folds 
and  the  relationship  of  cross-fold  joints  to  far-field  stresses.  Analysis  of  cross-fold 
joints  revealed  the  following  aspects  of  structural  history  of  the  nappes  discussed:  (1) 
in  both  nappes,  strata  underwent  compresional  stress  regime  since  Paleocene  up  to 
Early  Miocene  times;  (2)  during  the  same  period,  the  stress  field  orientation  remained 
constant  in  these  nappes,  with  possible  exception  of  western  portion  of  the  Magura 
nappe  and;  (3)  both  nappes  were  folded  only  once  with  the  exception  of  a  portion  of  the 
Magura  nappe  which  was  folded  twice. 
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A  NEW  DIRECT  INVERSION  OF  EARTHQUAKE  FOCAL  MECHANISMS 
TO  RECONSTRUCT  THE  STRESS  TENSOR 

J.  Angelier 

Tectonique,  Univ.  P.&  M.  Curie,  Paris,  France,  ja@lgs.jussieu.fr. 

The  reduced  stress  tensor  includes  the  orientations  of  the  three  principal  stress  axes 
0[,  Cj,  03  and  the  ratio  of  principal  stress  differences,  <l>=(a2-a3)/(ai'a3).  For  an 
homogeneous  subset  of  double  couple  mechanisms,  this  tensor  can  be  determined 
through  inversion  of  data,  under  the  classical  assumptions  of  mechanical  consistency. 
This  is  a  classical  i^blem  for  geologists  in  brittle  tectonics. 

In  the  case  of  focal  mechanisms,  however,  there  is  an  additional  problem,  that  of  the 
choice  between  nodal  planes  of  double  couple  focal  mechanisms.  Classically,  the 
answer  either  consists  of  avoiding  the  choice  by  using  the  right  dihedra  (P-  and  T- 
dihedra)  method,  or  aims  at  performing  this  choice  in  various  ways  prior  to 
numerical  inversion  of  data  (see  an  example  in  Iceland,  Angelier  et  al.,  this  meeting). 
It  is  demonstrated  that  there  is  a  third  possibility,  which  allows  one  to  carry  out  the 
mathematical  inversion  of  data  and  to  obtain  the  complete  reduced  stress  tensor, 
without  doing  any  choice  between  the  nodal  planes  of  each  earthquake. 

Furthermore,  the  formulation  is  such  that  it  is  possible  to  carry  out  the  inversion  by 
pure  analytical  means,  based  on  cancelling  partial  derivatives  relative  to  the 
unknowns  of  the  reduced  stress  tensor.  The  solution  of  the  problem  is  thus 
straightforward  and  numerical  problems  are  avoided. 

Using  a  simple  direct  inversion  of  double-couple  mechanisms  of  earthquakes  enables 
one  to  focus  on  a  more  important  problem,  that  of  the  inhomogeneity  of  data  sets  in 
terms  of  stress  states.  Separation  into  subsets  is  made  easier  because  in  the  new 
method  calculation  is  extremely  brief  despite  the  complexity  of  algebraic  derivations. 


MONITORING  ELASTIC-WAVE  VELOCITY  VARIATIONS  IN 
THE  EARTH’S  CRUST  USING  MACHINE  NOISE 

G.  Bokelmann 

Institute  for  Geophysics,  University  of  Bochum,  44780  Bochum,  Germany. 
goetzCalumni. priiiceton.edu/Fax:  [49]  234-7094181 

We  present  the  use  of  narrowband  machine-noise  signals  for  the  purpose  of 
monitoring  elastic  propagation  velocities  in  the  crust.  Such  continuously  gen¬ 
erated  signals  are  measured  at  a  large  number  of  seismological  stations  around 
the  world.  An  ideal  test  case  is  given  by  the  short-period  GERESS  array  in 
Southern  Germany  (Bavaria).  There  we  consistently  observe  a  signal  at  2.083 
Hz  on  the  25  vertical  instruments.  Phase  differences  obtained  from  station  pairs 
are  related  to  changes  in  the  propagation  velocity.  For  long  time  windows,  such 
phase  differences  show  daily  variations  with  a  spectral  content  clo.sely  corre¬ 
sponding  to  the  predicted  solid  Earth  tide.  We  interpret  this  correlation  as  an 
effect  of  varying  gravitational  load  on  propagation  velocities  through  the  crust. 
The  main  mechanism  for  such  changes  is  preferential  opening  and  closing  of 
cracks  and  fissures.  Results  are  related  to  previous  observations  of  temporal 
velocity  changes  observed  in  a  deep  borehole  at  depths  between  4  and  9  km. 
That  depth  range  is  particularly  important  and  interesting  since  most  of  the 
large  crustal  earthquakes  are  initiated  in  that  depth  range. 

If  crustal  velocities  are  sensitive  to  changes  in  the  mechanical  stress  field,  we 
may  indirectly  observe  the  buildup  of  tectonic  stress  within  the  crust. 


INDUCED  SEISMICITY  IN  THE  NETHERLANDS 
Bernard  Dost  and  Hein  Haak 

Seismological  Division,  Royal  Netherlands  Meteorological  Institute,  P.O.  Box 
201,  3730  AE  De  Bilt,  The  Netherlands. 
dostCknmi.nl/Fax;  4-31  30  220  1364 

In  1986  the  Northern  part  of  the  Netherlands  started  to  show  seismic  activity 
due  to  the  exploitation  of  gas  fields.  At  that  moment  only  one  seismic  station 
was  present  in  the  region.  The  monitoring  of  the  seismicity,  which  is  a  basic 
task  of  the  KNMI,  improved  considerably  with  the  installation  of  a  network  of 
11  borehole  seismometers  in  1995.  Until  the  end  of  1997  a  total  of  160  events 
were  recorded  at  a  depth  of  1-3  km  and  magnitudes  between  -1  and  3.4.  The 
very  shallow  depths  of  the  events  cause  high  intensities  at  low  magnitudes  and 
in  1996  it  was  decided  to  install  accelerometers  at  locations  that  experienced 
multiple  events.  During  1996  and  1997  acceleration  data  are  collected  from  a 
series  of  8  events  near  the  town  of  Roswinkel.  The  magnitudes  of  these  events 
are  between  1.3  and  3.4.  The  recorded  peak  horizontal  accelerations  for  the 
largest  event  amounts  to  0.3g  at  a  dominant  frequency  of  10  Hz.  This  last 
event  caused  damage  to  buildings  in  the  region.  Results  will  be  shown  of  a 
magnitude  calibration  within  the  region,  determinations  of  relative  locations 
and  source  parameters  of  events  around  Roswinkel. 


OBSERVATORIES  AND  RESEARCH  FACILITIES 
FOR  EUROPEAN  SEISMOLOGY  (ORPEUS) 

Bernard  Dost,  Torild  van  Eck,  Reinoud  Sleemtm  and  Laslo  Evers 
http://orfeus.knmi.nl,  vaueck@kmiii.iil,  fax:  4-31  30  220  1364. 

ORFEUS  i.s  a  European  non-profit  organisation  that  aims  at  coordinating  and 
promoting  digital,  broad-baml  seismology  in  the  European-Mediterranean  (Eu- 
roMed)area.  Its  services  are  presently  mainly  available  through  the  internet,  al¬ 
though  we  pursue  an  active  .support  of  e-mail  data  access  (autodrm@knmi.nI). 
The  Orfeus  Data  Center  (ODC)  provides  broad-band  waveform  data  consist¬ 
ing  mainly  of  regional  (EuroMed)  quality  controlled  data  (1988-1993)  avail¬ 
able  on  CD-ROM  (presently  20)  or  on-line,  and  global  SPYDER^  data  (1993- 
presem/near  real  time)  which  is  on-Une  (web,  ftp  and  AutoDRM)  av'ailabic. 
ORFEUS  maintains  also  sertdccs,  which  aim  at  facilitating  waveform  data  ac- 
c^s  and  exploiting  this  data.  These  sendees  Include  an  inventory  of  permanent 
broad-band  stations,  mobile  seismological  equipment  and  relevant  projects,  and 
an  overtiew  of  waveform  data  access  In  the  EuroMed  region.  A  technical  sup¬ 
port  group  provides  practical  information,  support  and  news  on  seismological 
sensors  and  recording  equipment.  The  ODC  regularly  support  participants  with 
technical  assistance  on  dataconversion  and  response  characterisation. 
Additional  services  include  the  ORFEUS  Seismological  Software  Library  (SSL) 
containing  links  to  and  mirrors  of  (generally  freely  avjiilable)  relevant  aeLsmolog- 
ical  and  related  software.  Seismo-links  complements  Steve  Malone’s  seLsmosurf 
with  ndresscs  to  organisations,  geopliysical  datasets,  publications,  earthquake 
information,  e-mails,  etc.  especially  within  the  EuroMed  region. 


RINALIG  EXPERIMENT  ON  T  WAVE  MEASUREMENT  IN  LIGURIAN  SEA 

S.  Gaffet  (1).  F.  Glangeaud  (2).  P.-F.  Piserchia  (3),  M.  Nardin  (2),  L.  Royer  (1) 
and  J.  Deverchere  (1) 

(2)  UMR  GTOsciences  Azur  6526,  Sophia-Antipolis,  France,  (1)  CEPHAG  URA 
346,  Grenoble,  France,  (3)  CEA/LDG,  Bruyeres-le-Chatel.  France. 
gaffetOfaille.unico.ir/Fax:  [4-33]  (0)4  93  65  27  17 

2  legs  addressed  an  active  seismic  investigation  of  Ultra  Low  Frequency  acoustic  wave 
interactions  with  continental  slope.  The  survey  was  earned  out  off  the  Antibes  and 
Menton  coasts  in  the  Ligurian  basin,  Mediterrane2Ui.  5  short  period  inland  seismome¬ 
ters  were  settled  along  a  short,  2km  long  line  normal  to  the  sea  front,  and  4  OBS  (3D 
short  period  seismometers  associated  to  1  hydrophone)  were  laid  by  pairs  at  2  and 
20km  from  the  coast  line  on  the  continental  slope  (at  400m  depth)  and  on  the  sea  floor 
(at  2200m  depth).  Air  gun  shots  were  processed  at  7m  depth  seawards  amd  at  15m 
depth  landwards  in  the  So/archaxmel  from  the  coast  up  to  80km  off  the  shore.  These 
shots  were  recorded  in  the  2-50  Hz  frequency  band.  Besides  the  different  Pn  and  Sn 
branches,  no  T  wave  was  observed  on  the  ashore  seismometers  for  the  Menton  leg 
while  a  strong  T  wave  was  recorded  for  the  Antibes  leg.  This  phase  mainly  consists  of 

3  superimposed  Rayleigh  waves  which  were  separated  by  signal  processing.  They  show 
3  polarizations  that  correspond  to  three  frequency  domaiins  with  a  constant  phase  ( vs 
frequency  and  source  offset)  of  the  intercorrelation  between  horizontal  and  vertical 
components.  The  shallow  depth  of  the  source  suggests  that  the  acoustic  field  trapped 
in  the  Sofar  may  be  compared  to  a  set  of  thin  beams  that  sweep  the  C02ist£il  slope. 
Thus,  the  conversion  of  the  Sofar  acoustic  field  to  inland  elastic  field  which  defines 
the  T  wave  detection  ability  of  the  site  studied  depends  on  the  coupling  rate  of  the 
sweeped  areas.  This  rate  can  be  accurately  characterized  by  such  an  experiment  that 
make  use  of  sources  with  offsets  from  coast  line  lower  than  80km. 
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ITERATIVE  METHODS  IN  RAY  SEISMIC  TOMOGRAPHY 

S.Goldin.  G.Mitrofanov,  A.Batylnikov 

Institute  of  Geophysics  SB  RAS,Novosibirsk,Russia,  E-mail:  george@uiggm.nsc.m 

Principal  problems  for  any  ray  seismic  tomography  modification  are  an  angle 
coverage  incompleteness  and  non-linearity.  The  angle  coverage  incompleteness 
causes  the  nonuniqueness  of  the  solution  (for  the  case  when  the  slowness  variation 
occupies  the  all  ray-covered  zone)  and  computational  instability  for  the  solution  of 
a  linear  equation  system.  Using  a  non-linear  tomography  iteration  procedure 
permits  to  eliminate  this  dependence,  but  the  problem  of  a  high  computer 
comple.vity  remains.  Study  of  kernel  of  the  ray-transformation  in  rectangular  zones 
(it  is  the  situation  which  takes  place  in  the  tele-seismic,  cross-well  and  reflection 
tomographies)  allows  us  to  specify  the  uniquely  determined  parameters.  The 
problem  of  computational  instability  due  to  the  angle  coverage  incompleteness  is 
being  still  unsolved.  It  is  known  that  for  the  case  of  full  data  the  slowness  variations 
are  estimated  stable,  therewith  there  are  the  explicit  conversion  formulas.  The 
effectiveness  of  the  iteration  algorithm,  where  the  explicit  inversed  formula  of  full 
data  is  applied  for  the  every  step,  is  demonstrated.  The  real  features  of  the 
observation  system  are  taken  into  account  for  the  forward  problem  solution  (the 
similar  operator  method).  The  results  of  comparative  study  for  different  methods  of 
nonlinear  tomography  :  the  Gauss-Newton  method,  the  Newton  method,  the 
modified  Newton  method  and  similar  operator  method  are  covered  in  this  work. 


THE  STON-SLANO  (CROATU)  EARTHQUAKE  SEQUENCE  OF  1996 

Davorka  Herak  (Ik  Maiijan  Herak  (1),  Vlado  Kuk  (1),  and  Eduard  Prelogovid  (2) 

( 1 )  Department  of  Geophysics,  Faculty  of  Sciences,  University  of  Zagreb, 
Horvatovac  bb,  KXXX)  Zagreb,  Croatia 
herak@rudjer.irb.hr/Fax:  +385-1-4680-33 1 

(2)  Faeulty  of  Mining  and  Petrology,  University  of  Zagreb,  Pierottieva  6/IV, 

10000  Zagreb,  Croatia 

The  Ston-Slano  earthquake  sequence  (main  shock  5  September,  1996,  Mi.  =  6.0,  I„„ 
=  VIII  °MSK)  is  the  largest  seismic  series  in  the  greater  Dubrovnik  area  since  the 
catasvophic  earthquake  (I„„  =  X  °MCS)  of  1667.  The  earthquake  completely 
destroyed  three  villages,  and  caused  heavy  damage  in  a  number  of  southern 
Dalmatian  cities.  The  peak  near-field  ground  acceleration  recorded  in  Ston  was  as 
high  as  0.65  g.  The  main  shock  was  followed  by  thousands  of  aftershocks,  of  which 
1350  could  have  been  reliably  located.  The  aftershock  epicentres  fall  into  a  well 
defined  elongated  ellipse  with  a  major  axis  directed  NE-SW,  and  over  100  km  long, 
which  is  remarkable  for  an  event  of  this  size.  The  a  posteriori  analysis  of  seismicity 
pattern  in  a  iarger  area  of  Southern  External  Dinarides  (using  the  CN  algorithm) 
revealed  significant  seismicity  anomalies  (TIP)  one  year  prior  to  this  earthquake. 
The  microseismic  data  (airiv^  times  of  various  local  and  regional  phases)  will  be 
used  to  assess  the  velocities  of  seismic  waves  within  the  seismogenic  volume, 
whereas  geologic  data,  hypocentral  locations,  and  fault-plane  solutions  are  used  to 
identify  main  geotectonic  features  of  this  seismic  source  zone. 


MIFLITUDE  VEICBTIIG  OF  THE  FRESHEL  VOLUHES  OF  P-VAVES  »  THE 
EARTH  GLOBAL  HODEL. 

J. Jan«ln».  H . Kvasn  1  Ska 

Dapartaant  o£  Gaophyslos,  Charlas  UntvaralLy,  Pragua 
lanakytaais.karlov.Bff .cunl .ea/Fax:  ♦420'a'31911214 

P  vavaa  play  an  iaportant  rola  in  Lha  raeanl  global  ioaographlo 
atudlaa  of  tha  Earth  aantla.  Corraaponding  Fraanal  voluaas  glva 
a  aultabla  tool  for  aatlaatlon  of  tha  raaolutton  Itatta  or 
accuracy  of  tha  toaographlc  aathoda.  Thla  approach  la  basad  on 
klnaaatlo  data  only  (arrival  tlaaa)  of  tha  aalaaic  vavaa  vhlch 
panatrata  tha  Earth  aantla.  Standard  dafinltlon  of  tha  Fraanal 
voluaa  la  baaad  atrlotly  on  klnaaatlo  varlablaa  only.  Thla  aaan 
that  no  dynaalcal  paraaatara  (a.g.  aaplitudas  or  gaoaatrlcal 
apraadlng)  ara  uaad.  Dua  to  thla  dafinltlon  va  hava  no 
poaalblllty  to  aatlaata  tha  contribution  of  individual  part  of 
the  Franal  voluaa  to  tha  final  vava  field  In  the  receiver.  Aa 
opposite  to  this,  aaln  scope  of  our  contribution  la  to  aatlaata 
tha  distribution  of  the  aaplituda  weighting  function  In  tha 
croasactlon  plana  located  along  tha  Fraanal  voluaa  central  ray. 
Thla  weighting  function  can  contribute  to  the  evaluation  how 
different  parts  of  tha  Fraanal  voluaa  can  influence  tha  recorded 
wave  field.  Tha  weights  ara  defined  on  tha  base  of  knowledge  of 
tha  aaplitudas  along  tha  virtual  rays  corresponding  to  tha 
Fraanal  voluaa.  Through  tha  whole  coaputatlon  tha  aaro  order  ray 
aathod  has  bean  used.  Ha  Halted  ourselves  to  tha  coaputatlon  for 
1>D  global  Earth  aodal  only.  First  prallalnary  results  ara 
presented. 


EXACT  EARTH-FLATTENING  PROCEDURE  FOR  P-SV  OR 

RAYLEIGH-TYPE  VIBRATIONS 

S.G.  Kiselev,  A.N.  Kuznetsov  and  V.M.  Markushevich 

International  Institute  of  Earthquake  Prediction  Theory,  Russian  Acad.  Sci., 

Moscow,  Russia. 

mitpanOmitp.rssi.ru/Fax:  [+7]  095  310  70  32 

The  technique  which  permits  to  compute  synthetic  seismograms  for  a  spher¬ 
ically  symmetric  medium  using  methods  initially  designed  for  a  flat  layered 
medium  has  been  studied  in  seismology  for  about  three  decades.  It  is  called  the 
Earth  flattening  procedure.  The  first  success  in  flattening  had  been  achieved  in 
the  early  Seventies  for  SH  or  Love-type  vibrations  by  Gerver  and  Kazhdan  in 
the  USSR,  and  by  Biswas  and  Knopoff  in  the  USA.  All  attempts  to  find  a  sim¬ 
ilar  flattening  procedure  for  the  more  complicated  P-SV  vibrations  have  failed. 
We  found  a  solution  to  this  problem  as  a  byproduct  of  a  theory  developed  for 
the  inversion  of  P-SV  vibrations.  Using  an  idea  of  C.  Pekeris  dating  back  to 
1934,  we  transformed  the  equations  for  Rayleigh-type  vibrations  of  flat,  spher¬ 
ically  and  cylindrically  layered  media  into  a  Sturm-Liouville  form.  The  media 
can  then  be  subdivided  into  sets,  or  orbits.  Any  two  media  belonging  to  the 
same  set  can  be  linearly  transformed  one  into  another.  Media  with  different 
symmetries  -flat  and  spherically  layered,  for  example-  can  belong  to  the  same 
orbit.  In  this  case,  the  flat  model  is  the  result  of  flattening  the  spherical  model. 
The  most  important  distinctions  between  the  P-SV  and  SH  flattening  proce¬ 
dures  are:  1)  the  flattening  for  P-SV  waves  is  frequency  dependent,  and  2)  it  is 
valid  over  intervals  with  smoothly  varying  parameters  of  the  medium. 


GEOLOGICALLY  CONSISTENT  TOMOGRAPHIC  SUBSUR¬ 
FACE  STRUCTURE  DETERMINATION  FROM  SEISMIC  DATA 
D.  Kosloff  (1.2),  Z.  Koren  (2)  and  U.  Zakhem  (2) 

(1)  Department  of  Geophysics  and  Planetary  Sciences.  Tel  .\viv  University, 
Ramat  Av'iw  69978,  Israel.  (2)  Paradigm  Geophysical,  Merkazim  House,  P.O.B 
2061,  Herzlia.  Israel  46120. 
danOjupiterl.tau.ac.il/Fax:  [972]  3  640  9282 

A  tomographic  workflow  for  2D  subsurface  structure  determination  is  pre¬ 
sented.  The  tomography  uses  as  input  migrated  prestack  gathers  from  reflection 
seismic  data.  The  workflow  is  designed  e.specially  for  Geologically  complex  ar¬ 
eas.  The  first  stage  of  the  procedure  is  to  obtain  an  interpretable  image  of 
the  subsurface.  Starting  from  a  simple  interval  velocity  section,  prestack  vari¬ 
able  offset  depth  migration  is  carried  out.  The  migrated  variable  offset  gathers 
are  used  for  updating  the  velocity  section  by  grid  tomography.  Typically  this 
process  is  repeated  four  to  five  limes  until  a  rea.sonable  subsurface  image  is 
obtained.  However  very  often  the  resulting  velocities  do  not  follow  the  struc¬ 
ture  and  do  not  make  any  geological  sense.  The  next  stage  of  the  process  is  the 
interpretation  of  the  seismic  image  and  the  extraction  of  a  subsurface  depth- 
velocity  model.  The  formation  velocities  of  the  model  are  derived  from  the 
velocity  section  u.sed  for  the  migration.  The  extraction  is  also  done  tomograph- 
ically  in  order  to  ensure  that  the  seismic  zero  offset  travel  times  will  not  be 
changed.  The  final  stage  of  the  workflow  is  a  model  based  tomographic  update 
of  formation  thicknesses  and  velocities. 


UPPER  CRUST  ANISOTROPY  IN  ICELAND 
Maria  A.  Krasnova 

United  Institute  of  Physics  of  the  Earth,  Moscow,  Russia 
mkrasnova(guipe-ras, scgis.ru 

The  three  component  seismic  records  from  65  local  crustal 
earthquakes  (depth  is  up  to  20  km)  at  10  seismic  stations  located  in 
south-west  part  of  Iceland  are  investigated.  Time  of  observation  was 
2  months  (July  -  August,  1991).  The  direction  of  horizontal 
component  of  the  first  shear  wave  (HCFSW)  and  time  delay  between 
two  shear  wave  were  determined.  It  was  shown  that  the  HCFSW  has 
approximately  the  same  direction  (0-15deg  from  north  to  east)  for  all 
seismic  stations.  The  time  delay  can  achieve  up  to  0.03  sec/km.  The 
investigated  dependencies  of  time  delay  between  two  shear  waves 
reduced  to  hypocentral  distance  from  effective  source  depth  allows 
us  to  estimate  the  velocity  structure  of  crust  of  studied  area.  It  is 
possible  to  make  a  conclusion  about  existence  of  anisotropic  layer  in 
the  Earth  crust  on  the  depth  3  -  4.8  km  with  rather  strong  coefficient 
of  anisotropy  (-  20%). 
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THE  ACOUSTIC  AND  ELECTROMAGNETIC  PHENOMENA  IN 
THE  ATMOSPHERE  DURING  THE  VIBROSEISMIC  SOUND¬ 
ING 

V.  V.  Kuznetsov,  S.  Y.  Khomutov,  V.  V.  Plotkin,  0.  E.  Grekhov,  A.  F. 
Pavlov  and  A.  N.  Fedorov 

Institute  of  Geophysics  SB  RAS,  University  av.,  3,  Novosibirsk,  Russia  630090. 
kuzOuiggm.nsc.ru 

It  has  been  known  that  the  acoustic  and  electromagnetic  effects  show  themself 
during  the  earthquakes  and  explosions.  The  powerful  seismovibrators  with  100 
tons  force  amplitude  are  mounted  at  the  ’’Bistrovka”  testing  area  of  Siberian 
Branch  of  RAS  (Novosibirsk).  They  work  both  in  the  sw^p-regime  and  in  the 
monochromatic  regime  and  permit  to  generate  the  seismic  oscillations  with  the 
given  frequency-time  characteristics.  The  apparatus  contains  the  magnetic  in¬ 
duced  sensor  (with  the  sensitivity  about  0.001  nT),  the  sensor  of  atmospheric 
electric  field  (sensor  of  the  string  type  with  the  sensitivity  about  0.001  Pa)  and 
the  control  seismometer.  This  apparatus  has  permitted  us  to  investigate  the 
electromagnetic  and  acoustic  phenomena  arising  during  the  work  of  seismovi¬ 
brators  in  the  frequency  range  from  5  to  10  Hz  on  the  distances:  100-700  m.  5-6 
km  and  about  50  km.  We  have  established  in  our  experiment  the  existence  of 
the  electromagnetic  wave  radiated  on  the  vibrator  frequency  and  propagating 
with  the  light  velocity.  This  phenomenon  can  be  conditioned  by  the  excitement 
of  the  currents  (on  the  vibrator  frequency)  in  the  atmosphere  and  lithosphere 
by  the  action  of  the  acoustic  and  seismic  waves.  It  was  shown  that  this  effect 
did  not  connect  with  the  controlling  electric  chains  of  the  mechanical  instru¬ 
ments  as  this  effect  observed  also  during  work  of  the  hydroresonance  vibrator 
with  pneumatic  drive.  In  the  points  with  the  distance  from  vibrator  about  sev¬ 
eral  kilometers  the  synchronous  (with  time)  the  acoustic  and  seismic  modes  are 
observed. 


THE  DENSITY  MODEL  OF  THE  SEICMIC  FOCUS  ZONE  OF  THE 
StXSAMYR  EARTHQUAKE 

Experimental  Electromagnetic  E.xpedition  of  Goini  Institut  for  High  Temperatures 
Russian  Academy  of  Sciences  -  O.M.Lesik  Ph.D.,'Mrs,  senior  research  worker 
Telefax:  +3312-219373  E-Mail:  olesik@ivtan.bishkek.su 

In  this  study,  we  are  considering  the  peculiarities  of  the  density  sections  of  the  seismic 
focus  zone  of  the  Suusamyr  earthquake  (19.08.1992,  M=7.3,H=25  km)  which  had 
happened  in  the  western  part  of  the  Central  Tien-Shan .  This  seismic  event  has  a  long 
aftershock  process  which  is  continued  at  present.  The  seismic  focus  zone  confined  by 
aftershocks  has  the  sizes:  80  km  long.  15  km  width  and  25  km  depth.  It  is  within  a 
block  limited  both  sublatitude  major  faults  •  Suyekh  and  Suusa-  myr-Issykkul  and 
north-western  minor  faults.  According  to  a  neotectonics  scheme  the  blocks  move  from 
west  to  east  inside  the  area  limited  sublatitude  maior  faults.  Under  these  conditions  It 
is  an  actual  problem  to  reveal  the  inverse  low  density  layers  which  promote  both  the 
realization  of  the  subhorizontal  displacements  and  the  relative  autonomous  movement 
of  the  layers  during  deformation  events.  The  densities  have  been  calculated  by  the 
empiric  formula.  Initial  data  are  the  P-  and  S-wave  velocities  from  the  3-D  velocity 
tomography  model  of  the  Tien-Shan  (Roecker  ei  al.,1993).  Analysis  of  the  density 
sections  has  show  that  west  of  the  Suusamyr  eanhquake  focus  zone  the  upper  part  of 
the  earth  crust  (to  20  km)  consists  of  the  high  density  rocks  (2.88-2.95  g  cm3)  being 
on  the  low  density  layer  (2.65  g/cm3).  It  provides  the  subhorizontal  displacement  of 
the  upper  layer.  However  east  of  the  focus  zone  the  other  type  of  the  density  section 
has  been  observed.There  is  an  uplift  of  the  dens  mantle  rocks  into  both  the  middle  and 
upper  crust  here.  Owing  to  that  an  accumulation  of  strains  which  were  released  during 
Suusamyr  earthquake  occur.  The  seismic  focus  zone  fills  in  the  low  density  part  of  the 
earth  criisl  (H=5-25  km)  and  is  wraped  by  the  high  density  rocks.  The  hypocenters 
both  the  major  event  (M“7.3)  and  the  most  powerful  aftershock  (M«'6.7)  are  on 
bottom  of  the  low  density  layer.  Because  of  the  major  sublatitude  faults  limit  the 
seismic  focus  zone  their  basement  has  apparently  20-25  km  depth. 


AN  ACCURATE  THREE-COMPONENT  OBSERVATION  OF 
ELASTIC  WAVEFORM  BY  USING  A  LASER  DOPPLER  VI- 
BROMETER:  A  NEW  METHOD  OF  PHYSICAL  MODELING  TO 
STUDY  SEISMIC  WAVES  IN  COMPLEX  MEDIA 
O.  Nishizawa,  T.  Satoh  and  X.  Lei 

Geological  Survey  of  Japan,  1-1-3  Higashi  Tsukuba,  Ibaraki  305  Japan. 
g0192Cgsj.go.jp/Fax;  [81]  298  54  3533 

We  applied  Laser  Doppler  Vibrometory  (LDV)  to  laboratory  physical  model 
experiments  for  studying  seismic  wave  propagation.  LDV  eliminates  mechan¬ 
ical  and  electrical  couplings  between  vibration  sensor  and  object,  because  it 
directly  converts  the  vibrational  velocity  of  a  material’s  surface  to  the  Doppler 
shift  frequency  of  the  laser.  The  laser  beam  can  be  focussed  on  a  very  narrow 
area,  less  than  0.4  mm  in  diameter.  This  enables  detection  of  fine  changes  in 
the  elastic  wave  field.  Measurements  of  three-component  waveforms  in  the  ul¬ 
trasonic  wave  range  has  been  achieved  by  detecting  motions  of  small  spherical 
lenses  (60  pm  dia.)  embedded  in  a  reflection  sheet,  which  reflects  laser  beam 
right  in  the  incident  direction.  LDV  can,  therefore,  simulate  realistic  field  seis¬ 
mic  observations  in  laboratory  experiments.  We  measured  three  components 
of  elastic  waves  propagating  through  rocks  with  different  grain  sizes,  which 
were  used  as  models  of  inhomogeneous  materials  with  different  scales  of  in¬ 
homogeneity.  The  waveforms  suggest  that  elastic  waves  are  mostly  scattered 
as  S  waves,  and  the  scattering  becomes  strong  when  the  characteristic  size  of 
inhomogeneity  is  comparable  to  the  wavelength. 


A  PC-based  program  using  a  Multi-Algorithm  Approach  to  Automatic  Detection 
and  Location  of  local  earthquakes 

Domenico  Patanb  (1)  and  Ferruccio  Ferrari  (2) 

(1)  Istituto  Intemazionale  di  Vulcanologia  ,  CNR,  P.zza  Roma,  2  -  95123  Catania 
(Italy)  ph.  ++  39.95.448084  ;  e-mail :  palane@iiv.ct.cnr.it, 

(2)  Soften,  via  A.Musco,  2a  S.A.Li  Batliati  95030  Catania  (Italy) 

A  few  automated  data  acquisition  and  processing  systems  are  operated  on  mainframes, 
some  are  run  on  UNIX-based  workstations  and  some  on  PC  equipped  with  either  DOS 
or  UNIX-derived  Operating  Systems.  We  present  a  new  PC-based  software  package  to 
automated  earthquake  monitoring,  named  ASDP_Seism,  which  using  a  visual 
object-oriented  interface  and  a  multi-algorithm  approach  to  the  on-line  detection  and 
location  of  local  earthquakes.  Its  operative  mode  is  similar  to  that  used  in  more 
complex  systems,  where  the  algorithms  run  on  different  processors  and  a  parallel 
compuutions  is  generally  performed.  The  automated  procedure  is  enabled  for  I  -  and 
3-component,  stand-alone  or  networked  data  gathers.  In  order  to  optimize  the 
efficiency  of  a  seismic  monitoring  system,  the  software  is  provided  with  full  detection 
capability  and  makes  use  of  a  high  degree  of  automation,  aimed  to  minimize  the 
analyst  workload.  Related  extensive  tests  of  ASDP-Seism  were  carried  out  on  events 
and  seismic  sequences  recorded  both  in  tectonic  (Calabria)  and  volcanic  areas 
(Mt.Etna,  Aeolian  Islands,  Mt.  Vesuvius,  Afar  Rift).  Testing  results  are  obtained  both 
in  simulated  on-line  processing  and  using  a  dataset  of  recorded  earthquakes. 


COMPARISON  OF  LINEAR  AND  NON-LINEAR  EARTHQUAKE 
LOCATIONS  FOR  THE  1995  VENTIMIGLIA  SEQUENCE 
A  Lomax  (1),  M  Cattaneo  (2),  N  Bethoux  (1),  A  Deschamps  (1),  F  Cour- 
boulex  (1),  J  Deverchere  (1)  and  J  Virieux  (1) 

(1)  UMR  Geosciences  Azur,  Nice,  France,  (2)  Universita’  di  Genova,  Italy. 
lomaxOfailla.unice.fr 

The  ML=:4.71995  Ventimiglia  event  (French-Italian  border)  caused  some  dam¬ 
age  and  was  widely  felt.  Because  this  sequence  occurred  near  a  coastline,  with 
few  stations  to  the  south,  there  is  large  north-south  uncertainty  in  the  event  lo¬ 
cations.  For  notification  of  civil  authorities  and  for  later  seismicity  and  hazard 
studies,  it  is  important  to  have  both  accurate  event  locations  and  comprehen¬ 
sive  uncertainty  estimates.  Also,  because  of  structural  complexity  in  tectonic 
regions,  it  may  be  useful  to  use  location  procedures  valid  for  3D  structures. 
We  obtain  probabilistic  re-locations  for  the  Ventimiglia  sequence  using  a  grid- 
search  approach  for  3D  media.  For  this  algorithm,  we  calculate  once  and  store 
the  traveltimes  between  each  station  of  the  network  and  ail  nodes  of  an  XYZ 
spatial  grid,  using  an  Eikonal  finite-difference  scheme  (Podvin  and  Lecomte, 
1991).  Next,  for  each  event  we  apply  successively  finer  grid-searches  over  XYZ 
space  to  obtain  an  estimate  of  the  probability  density  function  (PDF)  for 
hypocenter  location,  following  the  approach  of  Tarantola  and  \  alette  (1982). 
For  the  Ventimiglia  sequence,  we  present  and  compare  the  event  locations  and 
uncertainty  estimates  obtained  with  the  non-linear,  grid-search  approach  (the 
PDF's)  to  the  those  (uncertainty  ellipses  and  hypocenter)  produced  by  Hypoel- 
lipse,  an  iterative,  linear  algorithm  (Lahr,  1989). 


INVESTIGATION  OF  THE  CRUSTAL  STRUCTURE  IN  SOUTH¬ 
EAST  GERMANY  USING  RECEIVER  FUNCTIONS 
M.  M.  Pohl (1),  F,  Wenzel  (1),  R.  Kind  (2),  T.  Plenefisch  (3)  and  K.  Klinge  (3) 
(I)  Geophysical  Institute,  University  of  Karlsruhe,  Germany,  (2)  Geo- 
ForschungsZentrum,  Potsdam,  Germany,  (3)  Seismologisches  Zentralobserva- 
torium,  Erlangen,  Germany. 

Receiver  functions  are  used  to  investigate  the  crustal  structure  in  the  region  of 
the  Saxothuringian-Moldanubian  suture  zone  in  southeast  Germany.  This  su¬ 
ture  zone  is  well  visible  in  reflection  seismic  data  as  SE  dipping  ramp-structure. 
Across  the  structure  the  fast  polarization  axis  as  documented  by  SKS  data  ex- 
piriences  a  significant  change  in  direction.  The  data  were  recorded  by  a  mobile 
teleseismic  network  of  24  broadband  stations  spreading  about  200  km  in  north- 
south  direction  and  crossing  the  suture  zone  perpendicular  in  the  middle  of 
the  profile.  Data  processing  comprised  restitution,  rotation,  deconvolution  and 
moveout  corrections.  The  most  prominent  features  in  the  data  are  the  P-SV 
conversions  from  the  Moho  and  its  free  surface  multiples.  Free  surface  mul¬ 
tiples  reflected  from  crustal  discontinuities  indicate  a  south  dipping  structure 
extending  from  the  middle  of  the  profile  to  the  south.  Location  and  extension  of 
this  structure  coincide  with  the  Moldanubicum-Saxothuringicum  suture  zone 
obtained  from  DEKORP  data.  Inversion  results  provide  high  upper  crustal  ve¬ 
locities  and  a  low  velocity  zone  in  the  southern  and  a  relatively  smooth  crustal 
structure  in  the  northern  part  of  the  profile.  Our  study  indicates  that  signif¬ 
icant  structural  features  of  continental  crust  can  be  determined  from  receiver 
function  data,  which  are  confirmed  by  high  resolution  reflection  seismic  data. 


C117 


PROVIDING  SINGLE  STATION  PHASE  DATA  TO  A  SEISMIC 
WARNING  SYSTEM 

Reinoud  Sleeman  and  Torild  van  Eck 
sleeman@knmi.nl,  fax:  +31  30  220  1364. 

A  high  accuracy  phase  picker  is  implemented  at  the  Dutch  seismic  broad-band 
station  HGN  to  make  accessible  in  quasi  real-time  P-phase  onset  times.  The 
procedure  can  be  initiated  through  an  AutoDRM  request.  The  seismic  alert 
system  at  the  European-Mediterranean  Seismological  Center  (EMSC)  uses  this 
mechanism  to  extract  P-phase  picks  from  HGN,  which  are  used  in  obtaing  accu¬ 
rate  event  locations.  The  current  picker  implementation  seems  robust  for  high 
(above  10)  signal  to  noise  ratio  onsets. 

We  are  investigating  the  usage  of  the  automatic  picks  in  a  practical  imple¬ 
mentation  to  fully  exploit  the  potential  relevant  information  in  3-component 
recordings,  to  provide  additional  information  to  the  EMSC  like  azimuth,  po¬ 
larity  and  phase  identification.  - 

Also,  we  investigated  confidence  intervals  for  the  automatic  picks  and  compared 
these  with  differences  between  automatic  and  manual  picks  for  all  data  in  1996. 


SE22  Images  of  the  continental  lithosphere  by 
active  seismic  methods 

Convener:  Rabbel,  W. 

Co-Conveners:  Gallart  Muset,  J.;  Thybo,  H. 


P-  and  S-wave  Velocity  Structure  of  the  San  Andreas  Fault  System  in  the  San 
Francisco  Bay  Area 

T  Abramovitz.  T  M  Brocher  and  W  D  Mooney  (U.S.  Geological  Survey,  345 
Middlefield  Rd.,  MS  977,  Menlo  Park.  CA  94025;  tel.  650-329-5381;  e-mail: 
tanni@andreas.wr.usgs.  gov) 

As  part  of  a  new  3-D,  crustal-scale  seismic  velocity  model  being  compiled  for  the 
San  Francisco  Bay  Area,  we  focus  on  understanding  the  seismic  structure  of  the  deep 
crust.  We  use  seismic  P-  and  S-wave  data  from  earthquake  recordings  and  seismic 
refraction  surveys  to  determine  the  variability  of  physical  properties  (i.c.  P-  and  S- 
wave  velocities,  Poisson’s  ratios  and  the  deep  crustal  lithology)  across  the  San 
Andreas  Fault,  the  Hayward  Fault  and  other  faults  in  the  San  Francisco  Bay  Area. 
Common  receiver  seismograms  show  very  clear  P-wave  (Pg)  phases  as  first  arrivals 
out  to  offsets  of  70-85  km,  as  well  as  the  direct  shear  wave  (Sg)  phase  as  secondary 
arrivals.  The  N-S  striking  P-wave  velocity  model  of  Holbrook  el  al.  (1996)  in  the 
Bay  Area  Block  has  been  used  as  an  initial  model  to  derive  the  S-wave  structure 
assuming  a  crustal  Poisson’s  ratio  of  0.25.  Our  preliminary  model  differs  with 
respect  to  crustal  thickness  and  Moho  topography  in  the  southern  part  of  the  Bay 
Area.  We  find  1)  Low  upper  crustal  S-wave  velocities  in  the  south  Bay  Area  (Vs  - 
2. 8-2.9  km/s  compared  to  3.0-3.12  km/s  in  the  north);  2)  High  Poisson’s  ratios  of 
0.29-0.33  in  the  upper  crust  in  the  south  Bay  Area;  3)  South-ward  thickening  of  the 
middle  crustal  layer  with  lower  P-wave  velocities  (-6.7-6. 8  km/s);  4)  South-ward 
dipping  Moho  from  24-32  km  of  depth  over  a  horizontal  distance  of  -60  km;  and  5) 
Lower  upper  mantle  P-wave  velocities  (-7.8  km/s).  Based  on  these  preliminary 
findings  we  prefer  interpreting  the  lower  crust  beneath  the  southern  San  Francisco 
Bay  Area  as  a  remnant  of  an  altered  oceanic  crustal  layer  (i.e.  the  subducted 
Pacific/Farallon  oceanic  crust?). 


FLUID  PRESSURE  AND  SEISMIC  REFLECTIVITY  IN  THE  LOWER 
CRUST 

Elena  Suetnova  (1)  and  Niels  Balling  (2) 

(1)  Institute  of  Physics  of  the  Earth,  Moscow,  (2)  Department  of  Earth  Sciences, 
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(1)  vera@analit.msk.ru,  (2)  geofhba@aau.dk/Fax:  +45-86101003 

Seismic  reflection  profiling  of  the  continents  has  shown  that  lower  crust  is  in 
general  significantly  more  reflective  than  upper  crust.  Several  sources  of  the  origin 
of  lower  crustal  reflectivity  have  been  suggested  including  compositional  layering 
related  to  ductile  flow,  igneous  intrusions,  and  zones  with  fluids.  We  consider  the 
problem  whether  pore  fluids  liberated  from  the  rocks  during  metamorphic 
reactions  can  produce  near-lithostatic  pressure  in  the  lower  crust.  Such  pressures 
may  induce  d  decrease  in  seismic  velocity  large  enough  to  produce  seismic 
reflectivity.  Calculations  of  fluid  production  and  movement  in  a  heated  lower  crust 
have  been  carried  out  using  the  Darcy  law  for  a  viscous  matrix.  Such  calculations 
show  that  pore  pressure  may  be  near  lithostatic  within  the  layer  of  devolitilization. 
If  fluids  are  liberated  from  the  lower  crustal  rocks  during  the  thermal  evolution  of 
a  specific  area,  they  may  locally  be  a  source  of  seismic  reflectivity. 


ACTIVE  VIBROSEISMIC  METHODS  IN  MODERN 

SEISMOLOGY  PROBLEMS 

A.  S.  Alekseev,  B.  M.  Glinsky  and  V.  V.  Kovalevsky 

Institute  of  Computational  Mathematics  and  Mathematical  Geophysics, 

Siberian  Branch  of  RAS,  Novosibirsk,  630090,  Russia. 

aleksCsscc.ru/Fax:  [7]  3832  32  42  59 

A  new  method  for  seismological  investigation  of  the  Earth’s  crust  and  the  up¬ 
per  mantle,  geodynamic  processes  and  earthquake  preparation  zones  has  been 
developed  using  powerful  vibrational  sources  of  seismic  waves.  Since  nuclear  ex¬ 
plosions  have  been  prohibited,  this  method  remains  the  only  active  method  for 
deep  seismic  sounding  of  the  Earth.  Advances  in  the  experimental  research  with 
powerful  vibrators  make  it  possible  to  consider  the  active  seismology  method 
as  a  new  tool  for  studying  the  Earth,  whose  technology  is  similar  to  seismic 
prospecting  methods.  The  paper  considers  an  information  system  for  data  col¬ 
lection  and  data  processing  for  active  vibroseismic  monitoring  of  seismic-prone 
zones,  studies  of  the  Earth's  structure  and  geodynamics,  and  mathematical 
problems  of  geophysics  connected  with  active  seismology. 


3-D  PRESTACK  MIGRATION  OF  THE  IS089-3D  DATA  SET 
S.  Buske 

Institute  of  Meteorology  and  Geophysics,  University  of  Frankfurt,  Feldbergstr. 
47,  D-60323  Frankfurt,  Germany. 

buskeOgeophysik.uni-frankfurt.de/Fax:  [49]  69  798  23280 
In  1989  a  3-D  seismic  reflection  survey  was  carried  out  as  part  of  the  program 
Integrated  Seismics  Oberpfalz  (IS089)  in  the  vicinity  of  the  German  continental 
deep  drill  hole  (KTB)  in  the  Oberpfalz  area,  Germany.  3327  Vibroseis  ’shots’, 
each  with  478  receivers  and  a  maximum  recording  time  of  7  s,  covered  an  area 
of  approximately  21x21  km^  centered  around  the  KTB.  This  paper  presents 
the  results  of  a  3-D  prestack  Kirchhoff  migration  of  this  data  set. 

For  each  shot  a  migrated  volume  was  generated  by  weighted  integration  along 
diffraction  surfaces  through  the  shot  record.  The  diffraction  surfaces  were  com¬ 
puted  with  the  help  of  a  finite  difference  eikonal  solver.  A  macro  velocity  mo¬ 
del  obtained  mainly  from  wide  angle  measurements  served  as  input.  The  slices 
through  the  final  migrated  section,  obtained  by  stacking  of  the  individual  mi¬ 
grated  volumes,  clearly  show  the  position  and  the  lateral  extent  of  several 
strong  reflectors.  Over  nearly  the  whole  survey  area  a  northeast  dipping  paleo 
shear  zone  can  be  identified  from  its  outcrop  at  the  surface  down  to  a  depth 
of  approximately  8-9  km  with  a  maximum  dip  angle  of  about  55  degrees.  Its 
shape  and  reflection  strength  changes  laterally  as  well  as  with  depth.  At  9-10 
km  depth  a  highly  reflective  zone  appears  in  the  southeastern  part.  The  slices 
reveal  its  complicated  structure  and  show  its  dip  towards  the  center  of  the 
survey  area  reaching  a  depth  of  about  10-11  km  directly  beneath  the  KTB. 
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INVESTIGATION  ON  SHALLOW  FAULTS  BY  SEISMIC  T* 
VALUES 
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We  have  developed  a  technique  to  measure  seismic  t*  value.  Utilizing 
small  earthquakes,  spectral  decay  method  is  performed  to  calculate  t* 
values.  The  empirical  approach  eliminates  common  source, 
propagation,  instrument  and  near-surface  site  effects.  According  to  the 
empirical  relationship  between  the  rise  time  and  the  t*,  the  rise  times 
for  each  earthquake  propagating  to  each  station  can  be  deduced.  The 
technique  was  applied  to  57  events  with  epicentral  distance  <  60  km 
and  focal  depth  <  50  km  and  propagating  through  a  fault  area  of 
northern  Taiwan.  The  distribution  pattern  of  t*  values  shows  a  trend  of 
relatively  high  value  near  the  surface  trace  of  two  exists  faults  in 
Taiwan. 


Deep  structure  of  the  North  Tyrrhenian  Basin  from  on  land  seismic  recording 
and  Multi-Channel  Seismic  proPdes. 

I.  Contrucci**^  A.  Nercessian^,  N.  Bethoux^,  A.  Mauffret"*,  J.  Ferrandini’. 
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4.CNRS,  URA  1759,  UPMC.  (contris@lgs.jussieu.fr) 

Combined  onshore  wide-angle  reflection/refraction  and  offshore 
multichannel  seismic  profiles  have  been  acquired  during  the  LISA  seismic  cruise 
that  surveyed  the  Ligurian  and  the  Tyrrhenian  sea  in  1995.  The  ray-tracing 
modeling  of  wide-angle  and  refraction  seismic  data  shows,  in  the  northern 
Tyrrhenian  sea,  the  Corsica  basin  at  9km  deep  and  the  moho  at  a  depth  of  30km 
under  Corsica  island.  Towards  the  Tuscany  margin,  however,  the  moho  rises  up  to 
15km  under  the  Montecristo  ridge.  As  well  as  that,  we  can  see  on  onland  seismic 
data  a  prominent  reflective  late  arrival,  associated  to  the  asthenosphere,  at  a  depth  of 
50km  under  Corsica  to  35km  under  the  Tuscany  margin.  These  lithospheric  seismic 
reflections  fit  with  the  results  of  a  tomographic  study  of  N.Bethoux  and  with  deep 
penetration  seismic  profile  Crop3  in  Italy.  Beneath  the  Corsica  margin  and 
Montecristo  ridge,  some  deep  reflections  can  be  observed  between  10  and  12 
secondes.  These  deep  reflections  may  correspond  to  the  moho  of  the  Corsica  island 
(30km  deep).  Additonally,  the  M.C.S  line  shows  a  prominent  reflection  at  8 
secondes  TWTT  correlated  to  the  Tuscan  moho  at  15km  deep  according  to  the 
refraction  data.  In  conclusion,  we  think  that  there  is  no  European  moho  beneath  the 
Tuscany  moho;  but  lithosphere  reflections.  Our  data  confirm  the  rise  of  the  moho  in 
the  northern  Tyrrhenian  sea,  associated  with  the  crustal  rifting. 


Deep  structure  of  the  Ligurian  sea  along  a  Nice-Caivi  line  from  on  land  seismic 
recording,  Multi-Channel  Seismic  profiles  and  Expanded  Spread  Profiles. 

I.  Contrucci’*",  A.  Nercessian^,  A.  Mauffret",  N.  Bethoux*,  G.  Pascal^. 

1.  Universite  de  Corse,  2.  CNRS,  URA  1759,  UPMC,  3.  IPGP,  4.  Geosciences 
Azur,  Villefranche-sur-mer  et  Nice,  5.  ENS.  (contris@lgs.jussieu.fr) 

Single  bubble  guns  were  used  during  the  LISA  seismic  cruise  that  surveyed 
the  Western  Mediterranean  Sea.  One  seismic  profile  between  Nice  and  Caivi,  was 
shot  along  4  E.S.P  previously  recorded  in  this  area.  The  shot  were  also  recorded  on 
the  Corsica  margin,  in  order  to  constrain  better  the  structure  of  the  continental 
margin.  The  seismic  profiles  shows  the  deep  basin  where  the  Messinian  salt  diapirs 
and  the  multiple  do  not  allow  a  good  penetration.  Nevertheless  the  acoustic 
basement  is  evidenced  at  about  6  sec  TWTT  (two-way  travel  time),  on  the  M.C.S 
line  and  on  the  refraction  data  (ESP  and  onland  recording).  The  moho  arrival  is 
complitely  hide  by  the  multiple  on  the  M.C.S  line  in  the  basin,  owing  to  the 
refraction  data  we  can  proposed  an  image  of  the  moho.  On  the  land  recording  the 
arrival  associted  to  the  moho  is  very  clear,  and  the  ray  tracing  modeling  give  us  a 
moho  at  30km  deep  under  Corsica  margin  rising  to  15km  under  the  Ligurian  basin. 
On  the  Corsican  margin,  the  acoustic  basement  rises  and  several  reflectors  can  be 
seen  beneath  this  basement.  These  reflectors  dip  toward  the  margin  and  the  deepest 
one  is  visible  from  6  sec  TWTT  in  the  Northwest  to  9  sec  TWTT.  Beneath  the 
narrow  shelf  of  Corsica  several  deep  reflectors  can  be  seen  between  9  and  10  sec 
TWTT,  The  10  sec  TWTT  deep  reflector  corresponds  probably  to  the  Moho 
according  with  refraction  recording.  Despite  the  disturbance  and  complexity  brought 
by  salt  tectonics,  the  simultaneous  study  of  the  multichannel  seismic  profiles, 
expanded  spread  profile  and  land  recording  allow  to  propose  a  well  constrained 
crustal  model  and  a  velocity  model  of  this  area. 


CRUSTAL  STRUCTURE  OF  THE  NORTHERN  TYRRHENIAN  FROM 
REFLECTIO.N-REFRACTION  DATA 

R.  de  Franco  (1).  G.  Biella,  (1),  A.  Corsi  (1),  G.  Caielli  (1),  A.  Mauffret  (2)  and  1. 
Contracci  (2). 

(1)  IRRS-CNR,  Milano,  (2)  Loboratoire  de  Geotectonique,  UPMC,  Paris. 

(2)  def@  irrs.mi.cnr.il 

In  the  frame  of  the  LISA  craise,  between  the  Corsica  and  tuscan  margins  some 
seismic  stations'  were  deployed  on  land  in  order  to  obtain  wide  angle  seismic 
reflections  up  to  the  crust/mantle  boundary.  The  integrated  interpretation  of  vertical 
and  wide  angle  seismic  reflection  data  shows  some  prominent  features  of  the  crustal 
stmcture  of  the  northern  Tyrrhenian  basin  : 

-  this  basin  is  divided  into  two  different  areas  by  the  Elba  ridge.  On  the  eastern  side 
of  the  ridge  a  young  (Pliocene)  extensional  tectonics  is  evident.  On  the  western  side 
an  old  (Oligocene'?)  and  huge  basin  is  adjacent  to  the  Corsica  margin.The  Elba 
ridge  itself  is  characterized  by  young  intrasions  and  older  compressional  features 
The  intrusions  upnim  the  sedimentary  layers  and  the  compressional  features  are 
indicated  by  westwards  dipping  reflectors  seen  on  the  LISA  profiles  up  to  7  sec. 
TWTT. 

-clear  intracrustal  reflections  are  evidenced  from  both  near  vertical  and  wide  angle 
phases,  outlining  the  deformation  history  of  the  basin  from  an  earlier  compressive 
stage  to  the  subsequent  tectonic  phase  characterized  by  extension  related  to  the 
opening  of  the  tyrrhenian  sea-a  good  reflector  at  7-8  TWT  marks  the  cmst/mantle 
boundary,  which  in  thetuscan  side  is  interpreted  at  20-22  km  depth.  The  Moho  is 
much  deeper  ( 1 1  TWT.  about  30  km)  on  the  Corsica  side. 


LITHOSPHERIC  INVESTIGATION  IN  THE  SOUTH  EASTERN 
NORTH  SEA 

U.  Domaschk  (1),  J.  Schmidt  (2)  and  E.  R.  Fliih  (1) 
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In  the  Mona  Lisa  project  (Marine  and  Onshore  North  Sea  Acquisition  of 
Lithosheric  Seismic  Analysis),  4  lines  of  seismic  reflection  data  were  collected 
in  the  south-eastern  North  Sea.  Wide  angle  data  were  recorded  by  34  OBH 
(Ocean  Bottom  Hydrophones)  and  onshore  stations  at  3  of  the  lines. 

Wide  angle  p-wave  velocity  models  show  resolve  different  velocities  of  the  crys¬ 
talline  basement,  probably  delimited  by  the  border  zone  between  the  ancient 
Avalonia  and  Baltics  continents.  The  velocities  vary  between  5.5-5.7  km/s  in 
Avalonia  and  5.9-6.2  km/s  in  Baltics  crust.  The  Moho  depth  is  strongly  de¬ 
creased  underneath  the  (Central  Graben,  but  no  crustal  thinning  is  visible  un¬ 
derneath  the  Horn  Graben.  General  differences  in  crustal  thickness  seem  to 
be  connected  with  recent  tectonic  features  rather  than  with  the  origin  of  the 
continental  terranes.  Traces  of  a  collisional  front  are  hard  to  identify.  Some 
south  respectively  west  dipping  reflections  in  the  normal  incidence  data,  which 
cut  the  top  Pre-'zechstein  reflector  may  be  in  Permian  extention  reactivated 
Caledonian  deformation  faults.  Close  to  the  crossing  point  of  line  1  and  3  a 
strong  reflection  is  observed  at  21  s  TWT.  Three  wide  angle  stations  from  both 
profiles  show  similar  features  at  near  offset.  The  reflector  was  modelled  to  a 
depth  .of  70-72  km.  It  may  be  interpreted  as  the  top  of  a  subducted  slab. 


DEEP  STRUCTURES  OF  THE  MENORCA  MARGIN  FROM  DEEP  SEISMIC 
SURVEY 
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The  Menorca  margin  is  well  known  by  the  seismic  survey  of  the  DSDP 
Site  372  (Leg  42).  The  northern  and  eastern  margins  show  a  steep  slope  characterized 
by  echelon-like  horst  and  graben  structures  disposed  towards  their  base,  while  the 
southeastern  margin  shows  also  a  steep  slope  but  no  evidence  of  extensional  features, 
probably  explained  by  a  major  transfer  fault  that  separates  it  from  the  eastern  margin. 
The  deep  multichannel  LISA  cruise  surveyed  these  two  margins:  Between  Menorca 
and  Sardinia,  the  basement  is  quite  flat  with  an  internal  reflection  at  7  sec  TWTT. 
The  paleozoic  basement  probably  outcrops  between  the  island  untill  40  Km  offshore. 
From  45  and  35  km,  several  deep  reflections  dip  from  7  to  10.8  seconds  towards 
Menorca;  on  the  northeastern  margin  the  slope  is  more  progressive  but  the  hoist  and 
grabens  are  not  evident  because  the  profile  available  crosses  a  high  between  two 
grabens.  Between  20  km  and  50  km  from  the  island  the  basement  is  covered  by  a 
thin  sedimentary  cover  (0.6-08  sec  TWTT)  that  thickens  basinwards  (1.8  sec  TWIT) 
after  a  prominent  step  from  where  a  thin  salt  layer  appears.  Beneath  the  continental 
shelf  several  deep  reflectors  (6-8  sec  TWTT)  observed  may  represent  a  lower  layered 
crust.  From  50  Km  a  prominent  reflective  horizon  (7,8  sec  TWTT)  dips  to  10  sec 
TWTT  towards  the  island.  A  first  comparison  with  wide  angle  data  suggests  that  the 
deep  reflectors  on  both  margins  are  situated  at  the  top  of  a  high  velocity  layer  (7 
km/s)  and  can  be  compared  with  the  reflector  T  identified  in  the  Gulf  of  Lion. 
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PRESERVATION  AND  ORIGIN  OF  PALEOZOIC  COLLISIONAL 
FABRICS  IN  THE  SOUTHERN  URALS  -  URSEIS  '95 
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The  crustal  scale  seismic  image  of  the  Southern  Uralide  orogen  from  the  vibroseis 
CMP-reflection  profiling  component  of  the  URSEIS  '95  experiment  shows  a  pre¬ 
served  doubly  vergent  belt  with  a  significant  crustal  root,  as  the  result  of  two  major 
partly  superimposed  collisional  events:  (1)  the  development  of  a  Devonian  W-facing 
accretionary  complex  and  (2)  a  Permian  collision  with  the  eastward  accretion  of  the 
Transuralian  terranes.  While  the  E-vergent  accretionary  prism  involves  the  entire 
crust  with  the  Moho  as  the  basal  detachment,  the  thick-skinned  W-vergent  structures 
only  include  the  upper  part  of  the  crust,  suggesting  different  rheologies  of  the  plate 
fragments  and  collisional  processes.  The  rather  low  thermal  influence  across  the 
entire  Urals  emphasizes  that  the  compositional  features  of  the  involved  crustal  units 
take  the  main  role;  mafic  to  intermediate  rocks  dominate  in  the  accreted  Siberian 
island  arc  and  oceanic  collage,  while  the  former  passive  margin  of  the  East  European 
craton  is  probably  controlled  by  a  quartz-feldspar  rheology.  The  present  day  reflect¬ 
ivity  pattern  has  also  to  be  interpreted  as  the  sum  of  several  erogenic  imprints.  The 
erogenic  root  zone  as  defined  by  wide-angle  data  is  poorly  imaged  in  the  vibroseis 
near  vertical  reflection  data.  Gravity  and  petrophysical  modelling  suggest  that  the 
crustal  root  is  composed  of  mafic  eclogitic  rocks  which  inhibits  Moho  reflectivity. 
In  contrast  to  other  Paleozoic  mountain  belts,  which  suffered  substantial  tectonic 
denudation  and  postorogenic  crustal  thinning,  the  Urals  evolved  near  isostasy  and 
never  departed  far  from  equilibrium  and  preserved  its  collisional  seismic  patterns. 


THE  WESTERN  ENDING  OF  THE  PYRENEES:  CRUSTAL 
STRUCTURE  OF  THE  BASQUE-CANTABRIAN  BASIN 
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The  crustal  structure  of  the  western  prolongation  of  the  Pyrenees  along  the  Basque- 
Cantabrian  basin  has  been  investigated  in  a  seismic  refraction  experiment  car¬ 
ried  out  in  summer  1997.  In  the  survey,  up  to  100  3-component  portable  stations 
recorded  9  land  shots  of  1500  kg  explosives  each.  Main  targets  were:  the  eastern 
extension  of  the  crustal  root  recently  evidenced  beneath  the  Cantabrian  Mountains 
area  were  the  variscan  crust  has  been  intensively  reworked  by  alpine  deformation, 
the  geometry  of  the  crustal  thickening  and  the  similarity  with  the  Pyrenean  struc¬ 
ture,  and  the  relationship  between  the  Cantabrian-Pyrenean  chain  and  the  northern 
Celtiberian  chain.  The  P  and  S  velocity-depth  functions  will  enhance  the  geophys¬ 
ical  constraints  on  the  northern  margin  of  Iberia,  being  an  asset  for  understanding 
the  interaction  between  Iberian  and  European  plates,  and  for  geodynamic  modelling 
of  an  active  margin,  from  the  tectonic  inversion  of  former  extensional  basins  up 
to  the  subduction  and  continental  collision.  First  results  of  the  survey  show  lateral 
variations  in  crustal  structure,  with  a  gradual  thickening  toward  the  central  part  of 
the  Pyrenees,  and  strong  variations  of  more  than  10  km  in  crustal  thicknesses  in 
the  Basque  Massifs  area,  which  may  delineate  a  present  complex  geometry  between 
Iberian  and  European  crusts  resulting  from  the  important  extension  occurred  in  the 
Basque-Cantabrian  basin  prior  to  Pyrenean  collision. 


CONTINENTAL  CRUST  IN  THE  MENORCA  MARGIN: 
VELOCITY-DEPTH  CONSTRAINTS 

Gallart,  J.,  (1),  N.  Vidal  (1),  J.  Dfaz  (1),  A.  Mauffret  (2),  T.  Dos  Reis  (2) 
and  A.  Nercessian  (3) 
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During  the  LISA  deep  seismic  experiment  on  the  Western  Mediterranean,  the 
multichannel  profiles  along  the  ESE  and  NNE  margins  of  Menorca  were  also 
recorded  at  far  oSsets  by  two  portable  stations  operating  in  the  island.  The 
continental  nature  of  the  crust  is  documented  by  the  velocity-depth  modelling 
of  these  data.  The  upper  crust  is  characterized  by  a  6.0  km/s  seismic  basement 
at  3  km  depth,  and  a  velocity  increase  to  6.4  km/s  is  found  at  about  13  km 
depth.  A  remarkable  feature,  not  detected  in  other  B£ilearic  wide-angle  surveys, 
is  the  presence  beneath  the  E  fiank  of  Menorca  of  a  5-7  km  thick  lower  crust 
of  velocity  around  7.2  km/s,  constrained  by  amplitude  fitting  of  the  reflectivity 
observed  at  its  top  and  bottom.  The  Moho  is  marked  by  a  clear  PmP  reflection, 
eind  the  crustal  thickness  of  the  E  part  of  Menorca  is  around  27  km,  thicker 
than  reported  before.  The  interpretation  of  the  NNE  profile  indicates  a  Moho 
shedlowing  of  about  3  km  towards  the  north.  Comparison  of  the  multichcinnel 
sections  and  the  wide-^ulgle  models  in  terms  of  TWTT  shows  a  good  agreement 
on  the  deep  crustal  structure  documented  seawards  by  both  methods. 


LOCAL  TOMOGRAPHIC  STUDY  OF  SOUTHERN  FINLAND 
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Seismic  tomography  method  is  applied  to  quarry*  and  DSS  shot  data  to  estimate 
the  P-  and  S-velocity  anomalies.  Also  the  anomalies  of  Poisson  ratio  are  obtained. 
An  a  priori  model  was  derived  as  an  average  crust-upper  mantle  model  from  DSS 
results.  In  the  inversion  block  sizes  of  50  km  x  50  km  x  layer  wdth  are  used  .  The 
results  show  similar  behaviour  for  both  P-  and  S-wave  velocities.  A  comparison 
with  the  interpretation  of  SVEKA  profile  agrees  with  these  observations.  At  a 
depth  of  about  77  km  the  anomalies  change  from  negative  to  positive  imder  the 
NE  Moho  depression.  The  velocity  anomalies  indicate  also  the  border  zone  be¬ 
tween  the  Archaean  and  Svecofennian  domains. 

The  results  are  restricted  by  several  simplifications  in  modelling  and  inversion. 
To  improve  the  tomographic  image  the  number  of  events  should  be  increased  by 
regional  earthquake  data,  and  a  more  sophisticated  method  should  be  used  for  ray 
tracing. 


TOMOGRAPHIC  RECONSTRUCTION  OF  THE  VELOCITY 
DISTRIBUTION  IN  THE  NORTH-WEST  PART  OF  KOLA 
PENINSULA.  IS  IT  POSSIBLE? 
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The  main  goal  of  the  computer  simulation  performed  was  the  estimation  of 
advantages  and  disadvantages  of  tomographic  method  as  a  tool  for  the 
reconstruction  of  3D  seismic-geological  model  of  the  north-west  part  of  Kola 
peninsula  on  the  basement  of  seismic  data  accumulated  within  1958-1997  years. 
Tomographic  approach  was  applied  for  the  simulated  experimental  data  which 
could  be  obtained  from  the  analysis  and  selection  of  archive  seismic  materials  and 
the  creation  of  unified  data  base  from  the  separate  seismic  investigations  which  had 
a  place  in  the  north-west  part  of  Kola  peninsula  within  1958-1997  years.  A  lot  of 
reports  and  papers  were  reviewed  in  order  to  create  the  imagination  what  the  above 
mentioned  unified  data  base  could  be.  As  a  result,  several  thousands  pairs  of 
source/stations  were  used  for  the  data  simulation.  The  estimation  procedure  was 
based  on  well  known  sensitivity  test.  2/3D  kinematic  modelings  and  several 
approaches  of  tomographic  inversions  were  performed  with  seismic  tomographic 
package  FIRSTOMO.  Observation  scheme  and  quality  of  the  reconstruction  are 
shown  from  different  points  of  view. 


LOWER  CRUSTAL  REFLECTIVITY  AT  THE  BOUNDARY  BE¬ 
TWEEN  THE  TRANSSCANDINAVIAN  IGNEOUS  BELT  AND 
THE  SVECOFENNIAN  DOMAIN 
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Using  reflection  seismic  data,  we  have  studied  lower  crustal  reflectivity  in  rela¬ 
tion  to  the  boundary  between  two  Proterozoic  terranes  in  Sweden:  the  Transs- 
candinavian  Igneous  Belt  (TIB)  and  the  Svecofennian  Domain  (SD).  Previous 
work  on  data  from  the  Siljan  Area,  Central  Sweden,  indicated  that  the  lower 
crust  was  less  reflective  below  the  TIB  than  below  the  SD.  In  order  to  test  if 
this  is  a  general  pattern  connected  with  this  boundary,  running  in  north-south 
direction  through  Central  and  Southern  Sweden,  we  have  processed  data  from 
the  eastern  segment  ('-50  km  long)  of  the  1992  Vibroseis  profile  in  Jamtiand, 
acquired  '-250  km  north  of  the  Siljan  Area.  The  profile  runs  from  SD  crystalline 
rocks,  to  the  east,  across  the  Caledonian  thrust  front  onto  the  Phanerozoic  sed¬ 
imentary  cover,  in  the  western  part  believed  to  overlie  TIB  rocks.  Down  to  3  s 
TWTT  (—9  km  depth)  the  data  reveal  high  reflectivity,  tentatively  attributed 
to  extensive  dolerite  intrusions  within  a  large  antiform.  The  deep  apparent  re¬ 
flectivity  (10-15  s),  generally  low,  is  higher  on  the  eastern  part  of  the  profile, 
indicating  the  same  pattern  for  the  TIB/SD  boundary  zis  in  the  Siljan  .^rea, 
although  lateral  variation  in  signal  penetration  must  be  studied.  At  15  s  (cor¬ 
responding  to  —50  km  depth),  there  is  a  decrease  in  coherent  energy,  possibly 
related  to  the  Moho.  We  will  compare  the  Jamtiand  data  with  data  from  BA¬ 
BEL  Line  B,  believed  to  cross  the  TIB/SD  boundary  in  the  Baltic  Sea. 
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CRUSTAL  STRUCTURE  OF  THE  BOTHNIAN  SEA 

Annak^sa  Koria  (1),  Pekka  J.  Heikkinen(l)  and  Sven  Aaro  (2) 

(I)  Instit.  Seismology,  Univ.  Helsinki,  (2)  Geological  Survey  of  Sweden 
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The  Bothnian  Sea  is  located  on  the  Fennoscandian  Shield  between  Southern  Finland 
and  Centra!  Sweden.  The  Bothnian  Sea  is  characterised  by  regional  Bouguer  minima 
(between  -45  and  -75  mGal)  in  the  north,  maxima  (between  -20  and  +14)  in  the 
middle  parts  and  minima  (between  -40  and  -  60  mGal)  in  the  southern  parts. 
According  to  combined  interpretations  of  the  BABEL  reflection  and  refraction  data 
and  gravity  data,  the  northern  part  Bothnian  Sea  comprises  of  rapakivi  granites 
related  to  the  Nordingra  and  Bonden  rapakivi  granites.  On  BABEL  lines  1  and  6  the 
rapakivi  granites  and  related  gabbros  appear  as  non-reflective  laccoliths  in  the  upper 
crust.  In  the  north-eastern-most  part,  the  granite  is  overlain  by  a  3-4  km  deep  Jotnian 
sedimentary  basin  that  causes  both  velocity  minimum  and  Bouguer  anomaly 
minimum.  The  Bouguer  anomaly  maximum  in  the  central  parts  is  associated  with 
unreflective  intrusive  structure  in  the  middle  and  lower  crust.  This  is  interpreted  as 
dioritic  central  intrusion.  The  intrusion  is  surrounded  by  linear  Bouguer  minima,  that 
in  reflection  data  are  imaged  as  shear  zones  dipping  away  from  the  intrusion.  The 
southern  Bouguer  minimum  is  associated  with  the  Aland  rapakivi  granite,  that  is  non- 
reflective  and  includes  bright  reflections  mimicing  graben  and  horst  structure.  Both  in 
the  southern  and  nothem  parts  the  crust  is  characterized  by  dipping  reflectors  and 
highly  reflective  lower  crust  that  are  interpreted  to  image  sub-Jotnian  and  post- 
Jotnian  extension  of  the  area. 


THE  LITHOSPHERE  TOMOGRAPHY  USING  SUPER 
POWERFUL  VIBRATIONAL  SOURCES 
V.  V.  Kovalevsky 

Institute  of  Computational  Mathematics  and  Mathematical  Geophysics, 
Siberian  Branch  of  RAS,  Novosibirsk,  630090,  Russia. 
vvkovOopg.sscc.ru/Fax:  [7]  3832  32  42  59 

Further  development  of  active  seismology  methods  and,  in  particular,  of  the 
Earth’s  global  tomography  is  connected  with  creation  of  new  instrumental  re¬ 
search  systems,  which  use  super-powerful  vibrational  sources  of  seismic  waves 
and  disrtibuted  systems  of  recording  and  processing  of  geophysical  informa¬ 
tion.  The  paper  considers  the  experience  in  vibroseismic  research  of  Earth’s 
crust  and  upper  mantle  with  the  powerful  vibrators  and  specialized  field  seis¬ 
mic  arrays,  which  have  been  carried  out  in  the  Siberian  Branch  of  RAS  (Russia) 
during  the  last  20  years.  A  project  of  the  network  of  super-powerful  vibrational 
sources  with  a  force  of  lOOOO  tons  and  a  frequency  range  of  O.o-o  Hz  for  the 
purposes  of  the  global  seismology  is  presented^  Seismic  waves  are  excited  by 
the  water  column  with  the  weight  of  about  ten  thousand  tons,  which  oscillates 
in  the  vertical  shaft.  Such  sources  can  be  constructed  in  military  rocket  shafts, 
which  are  not  used  now  due  to  reduction  of  arms. 


THE  WIDE-ANGLE  MOHO  ACROSS  THE  SOUTHERN  URALS 

Lecerf,  D.,  Itzin,  M.,  Wenzel,  F.,  (1),  R.  Carbonell  (2)  and  Makovsky,  Y.. 
Gallart,  J.,  P’erez-Esta’un,  A.  (2) 

(1)  Geophysical  Institute,  Karlsruhe  University,  (2)  Dpt.  of  Geophysics  CSIC, 
Inst,  of  Earth  Sciences,  rcarbonell@ija.csic.es. 

The  geometry  of  the  Moho  beneath  the  Urals  has  been  a  controversial  issue 
since  the  first  geophysical  studies  of  this  orogen.  The  lack  of  a  root  is  supported 
by  a  moderate  -50  mGal  Bouguer  minima  along  its  axis.  Seismic  data  acquired 
during  the  last  decade  suggest  an  increase  in  crustal  thickness  beneath  the 
orogen  (up  to  65  km)  and  the  e.xistence  of  a  high  velocity  lower  crustal  layer 
(7.6-7. 8  km/s).  Although  seismics  seem  to  constrain  the  location  and  shape 
of  the  crust  mantle  boundary,  none  of  the  published  data  sets  provide  a  well 
resolved  image  of  the  Moho.  The  normal  incidence  URSEIS-95  seismic  data 
produced  a  high  resolution  image  of  the  internal  architecture  of  the  orogen. 
The  Moho  appears  as  a  sharp  interface  at  the  V\>st  and  Eastern  edges  of  the 
section.  However,  the  Moho  is  not  imaged  beneath  the  Magnitogorsk  volcanic 
arc.  An  NMO  correction  without  stretch  was  used  to  stack  the  the  seismic 
w'ide-angle  component  of  the  URSEIS-95  after  a  narrow  band  pass  filter  (1-6 
Hz).  This  procedure  generates  a  significantly  well  resolved  imaged  of  the  crust- 
mantle  boundary.  Beneath  the  core  of  the  orogen  the  crustal  thickness  increases 
from  43-46  at  the  edges  up  to  50-55  km.  The  changes  in  the  character  of  the 
PmP  suggests  posible  variations  in  the  origin  and  nature  of  the  Moho.  from  an 
old  cratonic  Moho  beneath  the  European  Plate;  to  delaminated  and  orogenic 
Mohos  beneath  the  Magnitogorsk  zone  and  Siberian  plate,  respectively. 


DEEP  STRUCTURE  FROM  DSS  DATA  AND  TECTONIC  SETTING  OF 
SOUTHERN  APENNINES 

E.  Marsella(l),  G.  Biella(2),  R.  de  Franco(2),  A.  Corsi(2),  R.  Giuntini(2) 

(1)  CNR,  Geomare  Sud,  Naples,  Italy,  (2)  Cl^,  IRSS,  Milan,  Italy 

Some  aspects  of  the  geometry  and  kinematics  of  the  Southern  Apennines  are  still 
poorly  understood.  In  the  recent  years  different  authors  proposed  conflicting  models 
of  die  deep  tectonic  setting  of  this  fold  and  thrust  belt  on  the  base  of  different 
emphasis  given  to  seismic  data  or  to  tectonic  observation  on  outcrops.  In  order  to  add 
more  deeper  constraints  to  perform  a  forward  modelling  of  the  tectonic  structures  on 
regional  balanced  cross  sections  in  this  area,  seismic  refraction  data  carried  out  in  the 
seventies  and  eighties  have  been  reprocessed  and  interpreted.  The  obtained  models 
show  the  adriatic  plate  subdutting  quite  regularly  below  the  so  called  "tirrhenian" 
lithosferic  domain,  with  the  crustal  tickness  increasing  from  15  km  in  the  basin  side  to 
30  km  under  the  appenninic  chain. 


LITHOSPHERIC  STRUCTURE  ACROSS  THE  lAPETUS  SU¬ 
TURE  ZONE  IN  IRELAND:  TELESEISMIC  OBSERVATIONS 
ALONG  A  CONTROLLED  SOURCE  PROFILE. 

F.  Masson  (1),  F.  Hauser  (2),  A.W.B.  Jacob  (2)  and  M.  Landes  (2) 

(1)  Geophysical  Institut,  Karlsruhe,  Germany,  (2)  DIAS,  Dublin,  Ireland. 
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The  Caledonian  lapetus  suture  is  a  tectonic  boundary  resulting  from  the  amal¬ 
gamation  in  a  three-plate  configuration  of  Laurentia  and  Baltica  with  Avalonia. 
In  SW  Ireland,  a  wide-angle  seismic  profile  crossing  the  postulated  path  of  the 
lapetus  suture  recorded  some  reflections  from  the  upper  mantle.  These  can  be 
explained  by  an  interface  in  the  mantle  which  shallows  from  44  km  to  39  km 
just  south  of  the  Shannon  River.  Along  this  same  profile  a  set  of  teleseismic 
events  was  recorded  as  well.  The  P-wave  residual  times  for  an  earthquake  in  the 
Aleutians,  end-on  to  the  line,  and  a  nuclear  test  in  China,  nearly  orthogonal  to 
the  line,  show  large  variations,  of  about  0.5  second,  along  this  relatively  short 
profile.  Heterogeneities  in  the  crustal  structure  along  this  line  can  account  for 
very  little  of  the  variation  in  residual  times  and  most  of  it  must  originate  in 
heterogeneities  below  the  crust.  The  residual  times  are  explained  by  a  velocity 
contrast  of  about  Z%,  across  a  steeply  dipping  interface  from  the  Moho  down 
to  110  km,  located  just  south  of  the  Shannon  River.  Both  results  are  consis¬ 
tent  with  previous  work  which  located  the  lapetus  Suture  Zone  south  of  the 
Shannon  River.  The  steeply  dipping  interface  from  the  teleseismic  observations 
indicates  that  the  closure  of  the  lapetus  Ocean  may  have  involved  a  southward 
subducting  slab. 


THE  ORIGIN  OF  THE  BAIKAL  RIFT:  HYPOTHESES  AND  SEISMIC 
DATA 

Mordvinova,  V.V.**,  Vinnik,  L.P*.,  Kosarev,  G.L.*,  Oreshin,  S.I.*,  Treusov, 
A.V.* 

♦  United  Institute  of  Earth  Physics,  RAS,  Moscow,  Russia 

♦*  Institute  of  Earth  Crust,  RAS,  Irkutsk,  Russia,  e-mail:  san@cora.irkutsk.su 

The  origin  of  the  Baikal  rift  has  been  explained  either  as  a  result  of  thermal 
excitation  of  the  underlying  mantle  or  as  a  passive  response  to  lithospheric 
extension.  To  decide  between  the  two  alternatives,  the  rift  and  its  surroundings 
were  scanned  dll  a  depth  of  250  km  by  40  portable  digital  seismographs  along  a 
1000  km  profile  traversing  the  rift  in  the  SE  direction  from  the  Siberian 
Platform  to  Mongolia,  and  by  two  broad-band  stations  of  permanent  run.  The 
rift  zone  showed  to  stand  out  against  the  Siberian  Platform  and  Mongolia  by 
shapes  of  Ps  converted  waves,  generated  in  the  crust-mantle  transition  layer,  as 
well  as  by  lower  P-wave  velocities  in  the  lithospheric  mantle  beneath  the  rift, 
yielded  by  inversion  of  crust  and  uppermost  mantle  receiver  functions  and 
teleseismic  tomography.  At  the  same  time,  1.7  to  2.0  ratios  ofP-  and  S-wave 
travel-dme  anomalies  are  typical  rather  of  compositional  variations  than  partial 
melting,  and  the  thickness  of  the  phase  transition  zone,  temperature-sensitive  at 
depths  from  400  to  650  km,  is  close  to  the  normal  one.  Therefore,  no 
unambiguous  explanation  for  the  rift  origin  can  be  so  far  obtained,  and  further 
studies  by  a  denser  network  of  broad-band  seismographs  are  needed. 

Grant  of  RFBR  N  96-05-65286. 
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The  LITHOPROBE  Western  Superior  Transect:  a  close  look  at  the 
Archean  Lithosphere 
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The  two  major  unresolved  questions  regarding  the  Archean  eon  arc  whether  or  not  plate 
tectonics  was  active  during  the  Archean,  and  whether  the  Archean  lithospliere  has  a  bulk 
composition  that  is  fundamentally  different  fiora  lithosphere  of  otlier  ages.  Insights  to  these 
questions  are  provided  by  seismic  refiaction  data  from  the  LfTHOPROBE  Western  Superior 
Transect  (WST)  wliich  is  located  witliin  the  western  part  of  the  Superior  Province  in 
nortitwestem  Ontario,  Canada  The  Superior  Province  is  the  laigesi  and  best  e.xposcd 
Archean  crustal  block  in  tlie  world  and  forms  the  nucleus  of  the  North  American  oonlinenL 
Tlie  internal  structure  of  the  Superior  Province  records  a  history  of  the  processes  that  fontred 
some  of  the  earliest  litlio^hetic  elements  of  the  Earth  into  cratons,  thus  providing  an  kkal 
laboratory  for  irrvestigating  early  lithospheric  evolution 

Data  fom  Uk  WST  mciu^  high-tesolution  seismic  tefiactionAvide-angle  reflection 
profiles  recorded  along  two  long  range  (660  km  aperture)  transects  oriented  parallel  and 
pcrpcralicular  to  tectonic  strike.  We  have  studied  the  3-D  geometry  of  granite-greenstone 
and  metasedimentary  belts  patterns  and  Ihdr  relation  to  the  underlying  suhcrustal 
litho^here.  Since  b^  P-  and  S-vvave  arrivals  arc  recorded,  we  have  constrained  the 
conqxrsition  of  the  Archean  lithosphere  through  the  study  of  Vp(Vs  ratios 


VARIATION  IN  DEPTH  AND  CHARACTER  OF  THE  400  KM 
DISCONTINUITY 

E.  Perchuc  (1),  H.  Thybo  (2)  and  N.  Pavlenkova  (3) 

(1)  Institute  of  Geophysics,  Polish  Academy  of  Sciences,  Poland,  (2)  Geological 
Institute,  University  of  Copenhagen,  Denmark,  (3)  Institute  of  Physics  of  the 
Earth,  Moscow,  Russia. 

The  top  of  the  transition  zone  (the  400  km  discontinuity)  is  usually  considered 
as  a  sharp  boundary  at  a  relatively  constant  depth.  However,  interpretation 
of  PNE  seismic  sections  from  Eurasia  indicates  that  there  exist  at  least  two 
interfaces  with  variation  in  depth  and  reflection  character;  in  a  few  sections 
the  410  km  reflection  is  even  masked  by  the  coda  from  the  shallower  reflection. 
Hence,  there  is  indication  that  the  400  knr  discontinuity  is  not  always  sharp 
and  that  there  is  a  transition  zone  in  the  depth  interval  from  370-420  km  depth 
in  some  parts  of  Eurasia.  The  reflection  pattern  between  the  370-km  and  the 
410-km  reflections  appears  analogous  to  the  pattern  observed  in  crustal  record 
sections  for  reflections  from  the  lower  crust  and  Moho,  apart  from  the  obvious 
differences  in  frequency  content,  offset  and  traveltime.  Kinematic  modelling 
indicates  that  the  depth  range  between  the  two  reflectors  is  variable,  of  30  to 
60  km  thickness,  and  that  it  is  characterised  by  relatively  low  velocities. 


SHEAR  WA’VE  ANISOTROPY  OF  LAMINATED  LOWER  CRUST:  SEISMIC 
FIELD  DATA  COMPARED  WITH  LABORATORY  DATA 

W.  Rabbel  (I).  Th.  Bohlen  (I),  M.  Pohl  (2),  S.  Siegesmund  (3), 

Th.  Weiss  (3) 
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University  of  Karlsruhe,  (3)  (Geological  Institute,  University  of  Gottingen 
wrabbeliggeophysik.uni-ldel.de 

In  order  to  investigate  the  laminated  lower  crust  beneath  Urach  (SW  Germany), 
we  anrdyse  (1)  the  anisotropy  and  reflectivity  of  seismic  shear  waves  and  (2)  Uie 
composition  of  xenoliths  samples.  We  conclude  that  the  directional  dependence  of 
shear  waves  of  the  lower  crust  is  effectively  transversely  isotropic  with  a 
maximum  velocity  difference  of  3  to  6%.  Both  seismic  signature  and  petrological 
information  are  compared  with  reference  profiles  deduced  from  the  exposed  lower 
crustal  sections  of  Ivrea  and  Calabria  (Italy).  The  comparison,  based  on  synthetic 
seismograms,  shows  that  the  observed  combination  of  shear  wave  anisotropy  and 
reflectivity  pattern  corresponds  to  alternating  layers  containing  a  high  amount  of 
me^jelites,  such  as  found  in  the  Calabria  profile  and  in  the  Val  Strona  subsection 
of  Ivrea,  The  layers  have  to  be  intrinsically  anisotropic.  A  pure  “layering 
anisotropy”  caused  by  rock  sequences  of  individually  isotropic  layers  is  too  weak 
to  explain  the  observed  shear  wave  splitting.  Layered  mafic  intrusions,  such  as 
foimd  in  the  Val  Sesia  subsection  of  Ivrea,  do  not  seem  to  play  a  major  role  for  the 
laminated  lower  crust  at  Urach. 


URSEIS'95  -  NEW  RESULTS  AFTER  THOROUGH  REPROCESSING  OF 
THE  EXPLOSION-SOURCE  REFLECTION-PROFILING  COMPONENT 

M.  Stiller  (1),  K.  Jom  (1),  D.  Steer  (2)  &  DEKORP/URSEIS  research  group 
(1)  GFZ  Potsdam,  Germany,  (2)  INSTCXT  Cornell  University,  USA 
manfred@gfz-potsdam.de  /  Fax  +49  331  288-1279 

Project  URSEIS'95  is  an  integrated  multi-seismic  experiment  carried  out  by 
scientists  from  Russia,  Germany,  USA,  and  Spain  to  provide  insight  into  (1) 
the  internal  structure  of  the  Ural  orogen,  (2)  the  geometry  and  nature  of  its 
crustal  root  and  Moho  boundary,  and  (3)  the  mantle  structure  and  reflectivity 
beneath  the  orogen.  The  near-vertical  incidence  explosion-source  reflection 
component  of  the  survey  reveals  an  unique  lithosphere-scale  seismic  image 
of  the  southern  Urals  (Knapp  et  at.,  SCIENCE  274/1996).  A  detailed  inspection 
of  the  dataset  leads  to  the  conclusion,  that  its  intrinsic  richness  of  geoscientific 
information  is  so  high  that  conventional  seismic  processing-sequences  will 
probably  not  exhibit  its  entire  potential.  Thus,  a  thorough  reprocessing  of  the 
500  km  long  explosion  profile  consisted  of  a  careful  review  of  the  field 
geometry  and  a  plausibility  cross-check  with  the  seismic  data,  a  mainly  single- 
shot  based  preprocessing  with  special  emphasis  on  manual  editing  of  the 
several  noise  effects,  a  true-amplitude  conservation  as  far  as  possible,  a  spatial 
variation  of  all  processing  parameters  with  strict  inclusion  of  geological 
knowledge,  a  correct  hancuing  of  dipping  structures  using  Tp-methods,  and 
finally  an  application  of  modem  depth-migration  techniques.  Now,  in  addition 
to  the  already  known  Alexandroyka  (25  s  TWT)  and  Nikolaevka  (45  s  TWT) 
Reflection  ^quences  several  other  super-de^  mantle  events  (down  to  55  s 
TWT)  can  be  traced  as  well  as  some  Moho  reflectivity  in  the  crustal  root  zone 
(18  s  TWT).  As  a  whole,  the  reprocessing  of  the  explosion-source  profile 
provides  a  clearer  seismic  image  oT  the  deep  structures,  which  (in  combination 
with  the  coincident  vihroseis-  and  refraction  survey)  can  lead  to  a  more 
complete  interpretation  of  the  Uralides'  lithospheric  architecture  and  of  the 
genesis  and  behaviour  of  continental  crust  in  coUisional  belts. 


THE  TRANSITION  FROM  "COLD”  TO  ’’HOT”  AREAS  OF 
NORTH  AMERICA  AND  THE  LOCATION  OF  HIGH  SEISMIC¬ 
ITY  ZONES 

H.  Thybo  (1),  S.  Zhou  (1)  and  E.  Perchuc  (2) 

(1)  Geological  Institute,  University  of  Copenhagen.  Denmark,  (2)  Institute  of 
Geophysics,  Polish  Academy  of  Sciences,  Poland. 

The  western  part  of  the  North  american  continent  is  characterised  by  low  av¬ 
erage  seismic  velocity  in  the  upper-  most  mantle  and  high  heat  flow  and  the 
centra!  to  eastern  part  by  high  average  uppermost  mantle  velocity  and  low  heat 
flow.  However,  the  details  of  the  transition  in  the  mantle  between  these  two 
characteristic  areas  remain  unknown.  The  long-range  seismic  sections  of  the 
Early  Rise  experiment  identify  a  characteristic  delay  of  refractions  from  below 
the  Lehmann  discontinuity  on  most  profiles.  The  delay  coincides  with  a  tran¬ 
sition  from  continuous,  homogeneous  first  arrivals  to  seismic  phases,  which  are 
scattered  in  travel  time  and  amplitude,  similar  to  arrivals  from  below  the  8” 
discontinuity.  Ray-  tracing  modelling  shows  that  the  delay  at  depth  occurs  near 
the  transition  from  the  plains  to  mountainous  areas  on  the  west-striking  Early 
Rise  lines.  Therefore,  we  interpret  the  cause  of  the  delay  to  be  the  transition 
between  “cold"  and  "hot”  areas  at  more  than  150  km  depth.  The  transition 
occurs  over  a  narrow  horisontal  zone  of  less  than  100  km  width.  It  coincides 
with  high-seismicity  zones  on  all  profiles,  where  observed.  The  coincidence  be¬ 
tween  a  transition  in  the  upper  mantle  below  ca.  150  km  depth  and  zones  of 
crustal  earthquakes  indicates,  that  the  existence  of  such  deep  transition  zones 
may  have  strong  effects  on  the  shallow,  local  tectonics. 


SEISMIC  EXPERIMENT  ACROSS  THE  NORTHERN  TIP  OF  THE 
ANTARCTIC  PENINSULA  (TENAP  PROJECT) 

B  Della  Vednva G.  Pellis”’,  L.  Pelionio”’,  A.  Tassone”’,  J.  Febret'”,  C. 
Rinaldi’’’  and  the  TENAP  Group 

(1)  Dip.  di  Ingegneria  Navale,  del  Mare  e  per  I'Ambiente,  University  di  Trieste,  Italy; 
e-mail;  bruno<®min730.univ.trieste.it 

(2)  CIRGEO  LAQUIGE,  Buenos  Aires,  Argentina 

(3)  Istituto  Anlartico  Argentino,  Buenos  Aires,  Argentina 

During  the  austral  summer  1996-97,  an  offshore/onshore  seismic  experiment  was 
carried  out  across  the  northern  tip  of  the  Antarctica  Peninsula  as  part  of  the  TENAP 
project  (cenozoic  Tectonic  Evolution  of  the  Northern  Antarctica  Peninsula),  an  Italo- 
Argentinian  bilateral  research  programme  in  Antarctica  Three  near  vertical  reflection 
seismic  profiles  (about  600  km  in  total)  were  acquired  using  a  3  km  long 
multichannel  streamer,  and  an  air  gun  array  source  of  60.5  liters,  operating  in  “single 
bubble"  mode.  In  order  to  avoid  the  “wrap-around"  effect  on  the  wide-angle  data,  the 
profiles  were  re-shot  with  a  120  s  shooting  interval.  The  offshore  energy  was 
recorded  by  15  portable  seismic  stations  on  the  Peninsula  and  by  8  digital  ocean- 
bottom  seismographs  (OBS)  deployed  in  16  positions  along  the  lines.  Offshore 
seismic  investigation  was  complemented  by  gravity  and  magnetic  measurements. 
Gravity  measurements  and  geological  observations  were  performed  on  the  land 
continuation  of  the  two  main  offshore-on  land  seismic  transects.  The  “single  bubble” 
seismic  source  allowed  high  penetration  and  good  quality  wide-angle  data  to  be 
achieved  for  offsets  larger  than  100  km,  on  the  Weddell  Sea  side  of  the  AP. 
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STRUCTURE  AND  SEISMIC  STRATIGRAPHY  OF  THE  LOWER 
MOROCCAN  ATLANTIC  MARGIN  OFF  MESETA 


K  Zitellini  (1),  R.  Sanori  (2)  and  L.  TORELLI  (3) 

Istituto  di  Geotogia  Marina,  CNR,  via  Gobetti  101, 40129  Bologna,  Italy,  (2) 

Dpt.  di  Scienze  della  Terra  e  Geologico-Ambientali,  UniversitO  di  Bologna, 
viaZamb9ni  67, 40126  Bologna,  Italy,  (3)  Dpt.  di  Scienze  della  Terra. 

UniversitO  di  Parma,  viale  delle  Scienze  78, 43100  Parma,  Italy. 
ziiellini@astbol.bo.cnr.it/Fax:  +39-521-639-8940 

Deep  seismic  reflection  data,  collected  in  the  Central  Eastern  Atlantic  across  the 
External  Riflan  Arc  and  Seine  Abyssal  Plain,  image  structure  and  stratigraphy  of  the 
lower  portion  of  the  Moroccan  continental  margin  near  the  ocean-continent  transition. 
This  margin  is  non-volcanic  and  is  characterized  by  wide  half  graben  and  faults  blocks 
tilted  westward  by  listric  extensional  faults.  The  half  graben  basins  are  filled  by  thick 
synrift  sediments,  including  Late  Triassic-Earliest  Jurassic  evaporites,  and  are  overlain 
by  a  thick  cover  of  postrift  sediments.  The  thick  sedimentary  sequence  shows  a 
complex  structure  and  stratigraphy  and  the  most  prominent  sedimentary  features  are 
the  giant  salt  diapirs  that  obscure  the  deeper  crustal  structures  as  well  as  the  location 
and  nature  of  the  continent-ocean  boundary.  Seismic  images  also  reveal  that  Teniary 
compressive  deformations,  due  to  Iberia-Africa  convergence,  occur  in  the  oceanic  (?) 
and  continental  crust  producing  folding  and  erosion  of  the  Mesozoic  and  Cenozoic 
sedimentary  cover  and  a  well-developed  south-verging  Neogene  accretionary  prism. 
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SEISMIC  HAZARD  ACCESSEMENT:  NON  PARAMETRIC  TESTS  TO 
ISOLATE  SEISMOGENIC  REGIONS 

Alexandra  AFilhado  fl,4),  L.A.  Mendcs-Victor  (2,3,4)  e  Ilidio  Martins  (3) 

(1)  Institute  Superior  de  Engenharia  de  Lisboa,  (2)  Faculdade  de  Cienctas  da 
Universidade  de  Lisboa,  (3)  Institute  Geofisico  do  Infante  D.  Luis,  (4)  Centro  de 
Geofisica  da  Universidade  de  Lisboa,  ammga@cc.fc.ul.pt/Fax:  +351-1-3953327 

Our  study  concerns  the  seismicity  of  Portugal  and  oceanic  adjacent  area.  We  use  the 
I.G.D.L.  seismic  catalog  updated  in  September  of  1997.  This  catalog  includes  also 
the  historical  records  of  this  region.  Our  starting  hypothesis  is  that  the  catalog 
includes  several  earthquake  populations,  related  to  the  different  seismotectonic 
structures.  To  isolate  each  population  we  have  to  test  if  there  is  a  statistical  relation 
among  several  samples  picked  of  the  catalog.  The  testing  must  be  performed  in  a 
lion  parametric  basis.  The  catalog  is  divided  into  rectangular  cells  in  order  to  define 
samples.  Each  sample  is  a  sequence  of  pairs  made  of  magnitude  classes  and 
frequency  values.  We  pick  two  or  more  samples  from  the  seismic  catalog  and  test 
the  null  hypothesis  that  they  belong  to  the  same  earthquake  population.  For  each 
test,  the  cells  must  be  neighbors  of  each  other.  The  exhaustive  testing  along  the 
catalog  allows  the  evaluation  of  the  limits  of  each  seismogenic  region:  the  related 
cells  will  join  to  be  part  of  the  same  seismogenic  region.  For  each  of  these 
coalescent  seismogenic  regions  we  plot  the  usual  frequency-magnitude  data,  in 
order  to  evaluate  the  parameters  of  the  Gutenberg-Richter  law.  This  evaluation 
follows  a  robust  fitting  process. 


THE  NEW  METHOD  OF  GROUNDS  SEISMIC  HAZARD  DEGREE 
ASSESSMENT 

T.  Babayan 

Insti&ite  of  Geophysics  and  Engineering  Seismology,  NAS  RA, 

Leningradian  St.,  5,  Gyumri,  377515  Armenia 
ig^@shirak.am 

This  work  is  the  fillowing  stage  of  elaboration  of  the  new 
method  of  grounds  seismic  hazard  assessment. 

Revealing  the  factors  on  which  the  seismic  danger  of  grounds 
depend  (damping  velocities  of  seismic  waves,  periods  of  more 
intensive  part  of  oscillations  of  earthquakes,  hypocentral 
distances  and  energy  class  of  earthquakes)  and  defining  the 
connection  between  these  parameters  separately  for  soft  soils 
and  rocks,  the  change  of  the  degree  of  seismic  danger  which 
the  change  of  these  parameters  for  each  ground  condition 
turned  out.  Comparing  quantitative  descriptions  for  rocks  and 
soft  soils  we  obtained  the  degree  of  the  increment  of  seismic 
intensity  in  compared  ground  conditions. 


VARUTIONS  OF  NEUTRON  FLUX  IN  THE  LOW  ATMOSPHERE  AND 
DEFORMATIONS  IN  THE  EARTH  CRUST 

E.A.Beliaeva,  B.M.Kuzhevskij,  O.Yu.Nechaev  (D.  V.Skobel’tsin  Institute  of 
Nuclear  Physics,  Moscow  Stale  University,  1 19899,  Moscow,  Russia) 

Variations  of  thermal  and  slow  neutron  fluxes  at  the  level  of  the  Earth  surface  in  the 
region  of  Moscow  are  observed  on  the  plant,  developed  in  the  Institute,  since  1993. 
We  found  out  variations  of  neutron  flux  with  amplitude  up  to  thousands  per  cents 
and  duration  of  dozens  of  minutes,  which  correlate  with  new  moons  and  full  moons. 
Cause  of  this  phenomenon  is  influence  of  tide  force  of  Moon  and  Sun  and  change  of 
gravitation  force  gradient  sign  in  this  time.  Formerly  analogous  phenomenon  was 
detected  by  us  in  the  seismoactive  regions  of  Pamir. 
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MODEL  OF  SEISMIC  LOADS  DISTRIBUTION  FOR  THE  KALININSKAYA 
NUCLEAR  POWER  PLANT  SITE 

A.G.  Bugaevsky*,  E.P.  Timoshuk** 

♦Seismological  Center,  Institute  of  Geoecology,  Russian  Academy  of  Sciences 
♦♦  Institute  of  Seismological  and  Geophysical  Investigations,  JSC 

In  order  to  estimate  the  seismic  hazard  level  for  the  site  of  the  Kalininskaya  Nuclear 
Power  Plant,  which  is  on  operation  now,  the  seismic  microzonation  was  carried  out. 
The  instrumental  method  was  applied  to  construct  the  model  of  seismic  loadsi 
distribution  for  the  NPP  site  and  the  NPP  main  structures.  The  field  observations 
included  registration  of  microseisms  and  that  of  ground  motions  generated  by 
non-explosive  (pneumatic)  source.  396  vertical  component  records  of  ground  motions 
generated  by  the  pneumatic  source  and  432  records  of  microseisms  were  obtained  at 
84  observation  seismometric  points  both  for  free  field  and  the  main  structuresi 
foundations.  The  estimation  of  seismic  loads  was  made  for  three  period  ranges:  from 
0.5  up  to  2.13  sec  (0.47-2  Hz),  from  0.3  up  to  0.5  sec  (2-3.33  Hz)  and  from  0.16  up  to 
0.3  sec  (3.33-6.25  Hz).  The  local  seismic  sources,  which  are  dealt  with  stationary 
technogenous  sources  of  noise  mechanical  vibrations,  were  revealed  on  the  basis  of 
data  obtained  for  technogenous  changed  soils  under  the  condition  of  intensive 
industrial  seismic  noises.  The  quantitative  estimations  of  seismic  loadsi  intensity  for 
local  sources  of  seismic  noises  allowed  as  a  first  approximation  to  exclude  their 
contribution  from  the  observed  pattern  when  compiling  the  maps  of  seismic 
microzonation  for  the  NPP  site. 


EARTHQUAKE  HAZARD  MAPS  AND  STRONG  EARTHQUAKES: 
ASSESSMENTS  AND  REALITY 

Yu.K.Chernov(l).  V.Yii.Soko!ov(2). 

(1)  SK IGC.  Dzerzhynskj'  185,  Stavropol.  RUSSIA  355105 

(2)  Lenhydraproject,  pr.  Isp>1ateley  22.  St. Petersburg.  RUSSIA  197227 
E-mail:  vus@i>^o  f^sI. spb.ru 

Traditionally  the  le\cl  of  seismic  hazard  in  some  countries  is  measured  in  icnns  of 
intensity  scale,  and  certain  intensity  values  ("basic  intcnsit>")  arc  assigned  to  every 
region  by  Building  Codes  to  be  taken  as  guiding  principles  in  construction  of  public 
buildings.  Strong  earthquakes  of  M*7,  occurred  during  last  20  years  in  the  USSR 
and  Russia,  showed  that  the  assessments  of  seismic  hazard  for  regions  of  the  events 
occurrence,  must  be  revised,  because  the  earthquakes  were  more  severe  than  the 
Building  Code  provisions  allowed  for.  Wc  carried  out  new  assessments  of  “basic 
intensity"  using  ntethod  of  probabilistic  seismic  hazitrd  estimation  developed  by 
the  authors,  The  method  is  based  on  CorncH's  (1968)  procedures,  and  it 
incorporates  into  anakses  information  on  ground  motion,  scismicit)  and  tectonics, 
and  allows  to  consider  both  regional  and  local  features  of  seismic  \uves 
propagation.  When  employing  the  method,  uc  used,  as  far  as  possible,  the  data  on 
seismicity  that  were  available  before  the  earthquakes.  Therefore,  this  study  may  be 
considered  as  a  test  of  our  approach  and  technique.  The  results  demonstrate 
that  our  assessments  of  "basic  seismicity"  confirm  the  obscr\ed  data,  and  they  may 
be  used  as  a  reliable  basis  for  Building  Code  prox  islons. 


NATURAL  AND  TECHNOGENIC  SEISMICITY  ASPECTS  FOR 
KUZNETSK  BASIN  OF  ALTAY-SAYAN  FOLDEN  REGION 

A.  A.  Dergachev  (I).  A.G.  Filina  (I)  and  V.  I.  Muchnaya  (2) 

(1)  Geophysical  service  of  Siberian  branch  of  Russian  Academy  of  Science. 
Prospect  Akademika  Kopriiiga.  3.  Novosibirsk,  Russia. 

(2)  Institute  of  Geophysics.  Prospect  Akademika  Kopriuga.  3.  Novosibirsk.  Russia. 
E-mail:  derg@imiggm.nsc.ru  .  agf@,gs.uiggm.ru 

The  Kuznetsk  basin  (Kuzbass)  is  one  of  the  major  structure  of  the  Altay-Sayan 
folden  regions  of  the  southern  West  Siberia.  The  great  number  of  mines  and 
enterprises  plants  arc  located  here.  The  Kuzbass  is  a  region  of  low  seismicity,  but 
there  is  a  vc.vcd  question  to  assess  regional  seismic  hazard.  Powerful  c.xplosions  arc 
used  there  for  mining  purposes.  At  present  seismicity  aciivizing  of  this  territory  is 
observed.  Since  1988  there  was  liappcn  the  scries  of  seismic  events  caused 
significant  macroseismic  effects.  This  events  arc  connected  both  with  tectonic 
processes  and  with  violation  of  the  dynamic  balance  in  the  large  mine(s)  massif 
Principal  distinction  between  natural  and  tcctogcnic  events  arc  based  on  foci  depth, 
location  near  or  far  from  a  mine  and  where  or  not  the  current  shock  rale  deviate 
from  background  earthquake  rate.  Tlic  problem  of  the  discrimination  between 
earthquakes  and  chemical  c.xplosions  is  the  main  one  of  Kuzbass.  We  began  to 
prepare  the  regional  catalog  of  the  earthquakes  196.3-1995  years  where  being 
founding  evident  explosions  and  events  with  explosion-like  waveforms  arc  marked. 


EXPERIMENTAL  DETERMINATION  OF  RESONANCE  FREGUENCIES  OF 
LOOSE  SEDIMENTARY  LAYER 

A.F,  Drennov 

Institute  of  the  Earth’s  Crust  SB  RAS,  E-mail:  san@cora.irkutsk.su 

The  ratio  of  relationships  4H  =  nV/f  (where  n  =  1,  3,  5, ...,  V  is  a  velocity  of  seismic 
wave  propagation,  and  f  is  a  resonance  frequency  of  a  layer),  obtained  according  to  P- 
and  S-waves  in  one  site,  provides  a  curve  with  the  first  minimum  corresponding  to 
resonance  frequency  of  S-waves,  and  with  the  first  maximum  corresponding  to  resonance 
frequency  of  P- waves.  10  earthquakes  with  epicentral  distances  less  than  100  and  K(9  are 
recorded  in  3  sites  located  on  hard  frozen  and  detrital  grounds  (T(-1.80C)  with  an 
average  thickness  of  100  m  at  a  dip  angle  of  layer-halfspace  boundary  of  50,  and  in  3 
sites  located  on  permafrost  rocky  grounds  (T(-30C).  A  high  resolution  of  spectra  on 
frequency  was  0.5-0.75  Hz,  and  an  error  did  not  exceed  0.2.  As  a  result  of  it,  resonance 
frequencies  were  assessed.  In  the  first  site  they  were  1.7  -  2,3  Hz  for  S-waves  and  4  - 
5  Hz  for  P-waves,  in  the  second  site  -  1.4  -  2.0  Hz  and  3.5  -  4.5  Hz  and  in  the  third  one 
-  I.l  -  1.6  Hz  and  2  -  4  Hz  for  S-  and  P-waves  respectively.  An  average  ratio  of 
resonance  frequencies  and,  therefore,  of  propagation  velocities  of  P-waves  to  those  of 
S-waves  was  1.6;  1.8  and  1.9.  In  average  for  a  layer  it  was  1.75.  The  ratio  of  frequency 
characteristics  of  P-waves  to  those  of  S-waves,  obtained  for  rocky  grounds,  showed  that 
tfie  components  of  wave  fields,  scattered  on  inhomogeneities,  may  significantly 
superimpose  on  seismic  signals,  especially  at  frequencies  more  than  5  Hz.  The 
minimumsand  maximums  of  the  ratio  of  frequency  characteristics  is  more  expressed  for 
earthquakes  with  epicentral  distances  less  than  100  km. 


UNCERTAINTY  IN  THE  ESTIMATION  OF  SEISMIC  HAZARD  AND 
DESIGN  GROUND  MOTIONS  FOR  NUCLEAR  POWER  PLANTS  IN 
GERMANY 

Diethelm  Kaiser 

Institut  fiir  Geowissenschaften,  Friedrich-Schiller-UniversilSt  Jena 
kaiser@geo.uni-jena.de  /  Fax:  +49  3641  948  662 

Earthquake  hazard  has  become  an  important  issue  for  several  nuclear  facilities  in 
Germany.  The  seismic  design  ground  motion  parameters  for  nuclear  power  plants  in 
Germany  have  been  determined  using  deterministic  approaches  in  accordance  with 
the  existing  regulatory  requirement.  The  macroseismic  intensity  as  basic  parameter 
of  the  design  earthquake  was  related  to  peak  horizontal  acceleration  to  scale  the 
sundard  USNRC-spectrum  (modified  in  the  low  frequency  range).  Design  horizontal 
accelerations  range  from  approximately  0.5  m/s^  in  Northern  Germany  to  1.5-2  m/s^ 
for  facilities  along  the  Rhine. 

Recent  sirong-motion-recordings  indicate,  that  the  standard  response  spectra  used  in 
previous  years  overestimate  the  low  frequency  content  but  underestimate  the  high 
frequency  content  of  strong  ground  motions  in  Central  Europe  and  other  intraplate  / 
low  seismicity  regions.  Local  soil  conditions  can  have  a  larger  influence  than 
previously  considered.  The  input  parameters  and  assumptions  for  a  seismic  hazard 
assessment  are  connected  with  large  uncertainties.  It  is  important  to  estimate  these 
uncertainties  and  their  influence  on  the  final  result  explicitly.  Recent  advances  in  the 
earth  sciences  require  a  seismic  re-evaluation  of  nuclear  power  plants  in  Germany. 


SEISMIC  INTENSITY  CHANGE  ALONG  SLOPS 
S.  Karapetyan 

Institute  of  Geophysics  and  Engineering  Seismology  NAS  RA,  Leningradian  st.,  5, 
Gyumri,  377515,  Armenia  lges@shirak.am 

High  seismic  areas  usually  have  complicated  surface  topography  and  it  is  important 
to  define  the  seismic  hazard  change  depending  on  influence  of  surface 
topography  at  the  time  of  seismic  events.  Following  the  registrations  of  300 
earthquakes  (k=8- 12),  change  of  amplitude  and  spectral  comparisons  in  different 
points  of  slopes  widh  different  approach  of  seismic  radiation  to  the  slop  were 
defined.  By  means  of  spectra  obtained  in  compared  points,  formulas  allowing  to 
define  the  coefficient  of  seismic  effect  increase  for  compared  conditions  were 
obtained. 
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EXTREME  VALUES  THEORY  FOR  MAPPING  OF  SEISMIC  HAZARD  IN 
ALBANU 

S.  KOCnini  ■  I.SINANI(2') 
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Based  on  extreme  value’s  theory  (  first  and  third  Gumbel  distributions) 
the  mapping  of  seismic  hazard  in  space  and  time  was  performed  for  the 
territory  of  Albania.  Missing  events  of  smaller  magnitudes  were 
considered  based  on  normalized  seismic  activity  maps.  It  was 
considered  that  despite  of  lack  of  important  seismic  events  in  particular 
tenons  during  the  particular  periods,  normalized  seismic  actitdty  maps 
showed  that  there  is  a  continuous  seismic  background  which  has  to  be 
taken  into  consideration  during  the  assessment  of  seismic  hazard  for  a 
particular  region.  The  outputs  of  studies  carried  out,  were  presented 
through  the  maps  of  maximum  expected  earthquakes  and  total 
magnitudes(  or  total  energy  released  during  the  particular  period  of 
observations  taken  into  consideration  for  computation  purposes). 
Comparison  of  observed  and  predicted  events  showed  a  good 
coincidence  for  some  particular  regions  and  the  importance  of  great 
linear  foci ,  which  are  characteristic  for  Albania,  in  the  seismic  hazard 
assessment  procedures. 


THE  IMPACT  OF  b  VALUE  UNCERTAINTY  ON  LOSS  ESTIMATION  IN 
THE  REINSURANCE  INDUSTRY 

D.  Liechti,  E.  Ruettener,  S.  Eugster,  R.  Streit ;  Risk  Management  for  Natural 
Hazards,  Zurich  Reinsurance,  8022  Zurich;  dany.liechti@zurich.com 

In  reinsurance  industry  different  probabilistic  models  are  currently  used  for  seismic 
risk  analysis.  A  credible  loss  estimation  of  the  insured  values  depends  on  the  seismic 
hazard  analysis  and  on  the  vulnerability  functions  of  the  given  structures.  Besides 
attenuation  and  local  soil  amplification,  the  occurrence  model  (often  represented  by 
the  Gutenberg  and  Richter  relation)  is  a  key  element  in  the  input  of  the  analysis. 
However,  earthquake  catalogues  are  usually  incomplete  or  the  time  of  observation  is 
too  short  and  since  the  data  itself  have  errors,  a  and  b  values  can  only  be  estimated 
with  uncertainties.  The  knowledge  of  their  standard  deviation  provides  a  valuable 
input  for  earthquake  risk  analysis,  because  they  allow  modeling  the  probability 
distribution  of  expected  losses  (expressed  by  average  annual  loss  (AAL)). 

Magnitude  uncertainties  have  a  direct  effect  on  the  estimated  b  values  and 
consequently  on  the  calculated  probabilities  of  occurrence.  This  effect  is  best 
illustrated  by  magnitude  vs.  AAL  graphs,  where  the  sensitivity  of  average  annual 
losses  due  to  different  standard  deviations  of  b  is  obvious.  Thereby,  the  variations  of 
event  occurrence  probability  due  to  the  uncertainty  of  b  are  used  to  quantify  a 
confidence  range  and  the  standard  deviation  of  average  annual  loss. 

The  estimation  of  the  standard  deviation  of  b  and  the  quantification  of  the  sensitivity 
of  AAL  are  fundamental  for  an  optimal  earthquake  risk  management.  Ignoring  these 
uncertainties  means  that  risk  management  decisions  neglect  the  probabilistic 
character  of  the  earthquake  loss  estimations. 


SEISMOTECTONIC  CONSTRAINTS  ON  THE  MAXIMUM  CREDIBLE 
MAGNITUDE  USING  THE  GAMMA  DISTRIBUTION 

Ian  Main  (1),  Duncan  Irving  (1)  &  Roger  Musson  (2) 

(1)  Dept.  Geology  &  Geophysics,  University  of  Edinburgh,  (2)  British  Geological 
Survey,  Edinburgh. 

ian.main@ed.ac.uk  /Fax  +44  131  668  3184 

Recent  statistical  mechanical  and  cellular  automaton  models  of  earthquakes  as  self- 
organised  critical  phenomenon  demonstrate  that  the  most  general  form  of  the 
frequency-magnitude  distribution  is  the  gamma  distribution,  constrained  by  the  mean 
seismic  moment  release  per  event  <M>  and  the  maximum  magnitude  mmax-  This 
allows  a  credible  maximum  magnitude  nimax  to  be  defined  independently  by  a 
negligible  contribution  to  the  total  seismic  moment  release.  Here  we  apply  this 
method  to  seismic  hazard  in  the  mainland  UK  and  its  immediate  continental  shelf, 
where  the  gamma  distribution  -  constrained  by  a  mixture  of  instrumental,  historical 
and  neotectonic  data  -  is  used  to  extrapolate  the  frequency-magnitude  disuibution 
and  determine  a  maximum  credible  magnitude,  m^nx  is  found  to  be  in  the  range 
6.3-7.3  for  the  truncated  Gutenberg-Richter  law,  or  7.0-8.0  for  the  gamma 
distribution,  compared  to  a  maximum  observed  in  the  time  period  of  interest  of  6,1 
The  upper  bounds  are  conservative  estimate  based  on  100%  seismic  release  of 
the  observed  vertical  neotectonic  deformation,  primarily  due  to  glacial  rebound, 
projected  onto  a  single  fault.  Glacial  rebound  is  predominantly  an  elastic  rather  than 
a  seismic  process,  and  the  seismicity  in  an  intraplate  area  such  as  the  UK  is  likely  to 
remain  distributed  in  space  rather  than  concentrated  on  a  single  dominant  fault,  so 
the  true  value  of  m^ax  'S  likely  to  be  nearer  the  lower  end  of  the  quoted  ranges. 


DATA  SEISMIC  ANALYSIS  AND  MODEL  OF  EARTHQUAKE 
PREDICTION  AT  THE  CHERNOBYL  (NPP)  LOCAL  ZONE 

S.  Mostoxmi.  V.  Mostovoi  and  A  Osadcluik 
Institute  of  Geophysics.  Kiev,  Ukraine 
E-inail:  igpnami,kiev.iia!root@relay.ua,net 

Discussed  the  problem  of  short  term  forecasting  of  local  seismic  events  nearby 
Chernobyl  NPP.  Authors  developed  the  automatic  system  of  monitoring  and 
provided  long  term  investigations  of  the  Chernobyl  NPP  (object  Shelter)  in  seismic 
frequency  band.  Obtained  results  allowed  build  the  mathematical  model  of  object 
reaction  on  external  seismic  disturbance  and  the  model  of  seismic  activity 
prediction.  These  models  used  for  controlling  seismic  safety  and  short  term 
predicting  of  possible  local  seismic  events.  The  system  further  development  is 
supposed  to  provide  quick  access  ability  for  the  e.\perts  to  the  registered  data.  To 
provide  ma.ximum  access  ability  to  the  e.xpcrts  from  different  countries  special 
Internet  node  is  planned  to  be  organised.  This  node  is  to  support  data  base  with 
operative  information  about  local  seismic  activity  on  the  territoiy  neaiby  object 
Shelter.  Contribution  gives  results  of  practical  realisation  of  this  scientific  work. 


SWEDISH  PALEOSEISMICITY  AND  VARVE  DATING 
Nils-Axel  Momer 

Paleogeophysics  &  Geodynamics,  S-10691  Stockholm,  Sweden 

Today,  Feimoscandian  is  characterized  be  a  low  to  moderatly  low 
sesmic  activity.  At  the  time  of  deglaciation,  the  situation  was  quite 
different,  however.  The  region  was  then  characterized  by  both  large 
and  frequent  earthquakes.  The  rate  of  isostatic  uplift  then  amounted 
to  some  10  cm  per  year  (i.e.  about  10  times  as  high  as  the  present  sea 
floor  spreading  rates).  In  Sweden,  we  have  the  possibility  of  utilizing 
the  varve  chronology  for  the  dating  of  paleosesmic  events.  This  means 
that  we  can  achieve  an  annual  resolution  despite  ages  in  the  order  of 
10,000  years.  This  technique  has  successfully  been  applied  to  some 
regions  in  Sweden.  In  the  Stockholm  region,  we  have  been  able  to  date 
an  extremely  large  paleo-seismic  event  to  the  autumn  of  varve  year 
10,430  BP.  This  event  caused  liquefactions  and  varve  disturbancies 
over  an  area  of  about  60  x  320  km,  which  seems  to  indicate  that  we 
are  dealing  with  a  magnitude  above  M  8.  We  have  also  been  able  to 
identify  multiple  events  re-occurring  about  every  20  varve  (-10,490, 
10,469,  10,447,  10,430,  -10,410  BP).  A  Holocene  event  occurred 
along  the  same  fault  zone  at  about  3500  BP.  At  Iggesund,  we  have 
recorded  heavy  bedrock  deformations  in  association  with  strong 
sediment  deformations  from  both  ground  shaking  and  tsunami 
waves,  and  turbidites  over  an  area  of  60  x  210  km  at  varve  9663  BP. 


REVISED  WORLD  SEISMICITY  CATALOG  (1950-1997)  FOR 
STRONG  (Ms  >  6)  SHALLOW  (h  <  70  KM)  EARTHQUAKES 

0  J  P6rez 

Sim6n  Bolivar  University,  Department  of  Earth  Sciences,  Saitenejas,  Apdo.  Postal 
89.000,  Caracas  1080  A  Venezuela,  ojperez@usb.ve 

Using  the  earthquake  catalogs  provided  by  the  International  Seismological  Centre 
and  the  National  Earthquake  Information  Center,  we  analyze  the  world-wide 
consistency  of  teleseismic  reporting,  completeness  of  the  seismicity  record  and 
homogeneity  of  magnitude  determination,  for  strong  (Ms  >  6)  shallow  (h  <  70 
Km)  shocks  in  the  period  19S0  to  1997.  Under  the  postulates  that  the  rate  of 
earthquake  occurrence  for  the  entire  world  is  constant  on  a  time  scale  of  decades, 
and  that  for  the  last  three  decades  the  earthquake  catalog  for  strong  shocks  is 
complete  and  the  corresponding  seismicity  rate  is  typical  of  all  periods  in  the 
century,  we  find  that,  due  to  the  use  of  different  formulations  and  criteria  to 
calculate  the  parameter  “magnitude”,  the  Ms  of  moderate  (6  <  Ms  <  7)  events  in 
the  period  J950  to  1963  were  systematically  overestimated  hy  as  much  as  0.5  unit, 
relative  to  the  Aft  assigned  to  shocks  occurring  after  1963.  When  this  correction  is 
taken  into  account,  the  new  catalog  of  events  with  Ms(corrected)  >  6  in  the  period 
1950  to  1997  becomes  largely  homogeneous  in  Ms.  Under  the  postulates  above, 
this  new  catalog  is  shown  to  list  all  and  only  the  strong  shocks  (Ms(corrected)  > 
6;  h  <70  km)  that  occurred  in  the  earth  during  the  period,  a  notable  exception 
being  the  time  span  fi-om  1964  to  1968.  The  revised  catalog,  including  the  scalar 
moment  for  each  event,  will  be  released  at  this  meeting. 
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RELATION  OF  TYPICAL  EARTHQUAKE  LOSSES  WITH  ECONOMICS 
DEVELOPMENT 

V.F.Pisarenko  ( Int.  Inst,  of  Earthquake  Predict.  Theory  and  Math.  Geophysics  RAS, 
Varshavskoye  sh.,  79-2, 1 13556,  Moscow,  Russia). 

M.V.  Rodkin  (Geophysical  Center  RAS,  Molodezhnaya  3,  11 7296,  Moscow,  Russia, 
rodkin@wdcb.rssi.ru) 

Data  on  victims  and  losses  caused  by  earthquakes  in  1900-1996  years  were  examined 
in  connection  with  economic  conditions  in  different  regions.  The  completeness  of 
the  catalog  was  examined.  The  number  of  events  that  had  caused  small  or  moderate 
number  of  victims  increases  with  time  in  a  non-linear  manner;  whereas  the  number 
of  events  with  large  losses  has  a  linear  increase  in  time.  The  rates  of  events  for 
different  loss  and  victims  ranges  are  similar  for  developed  and  less  developed 
countries  but  with  a  lag  in  time.  Some  relations  of  typical  earthquake  losses  with 
economic  parameters  are  derived  and  discussed.For  example,  the  average  ratio  of 
economic  loss  to  victims  number  caused  by  earthquakes  being  normalized  to  the 
national  income  per  diem  is  nearly  constant.  The  Pareto-law  distribution  of  losses 
produces  a  non-linear  increase  of  total  loss  with  time.  The  change  from  the  non-linear 
behavior  of  cumulative  loss  to  linear  one  with  increase  of  observation  time  is 
discussed. 


TIME  DEPENDENT  SEISMICITY  IN  CHINA 

C.  Y.  Pin  (1),  E.  E.  Papadimitriou  (I),  B.  C.  Papazachos  (I)  and  G.  F.  Karakaisis  (1) 

( 1 )  Laboratory  of  Geophysics.  University  of  Thessaloniki,  GR-54006  Greece 
qin@lemnos.geo.auth.gr/Fax;  +30-31-998528 

The  regional  time  and  magnitude  predictable  model  has  been  proved  to  be  the  most 
appropriate  one  in  describing  the  behavior  of  strong  earthquakes  occurrence  in  all 
the  regions  of  the  continental  fracture  system  (Papazachos  el  al.  1997).  It  is 
expressed  by  the  following  relations: 

log7-=  O.I9W„i„ +0.33Af,  -0.39  log  mo  +9 
M f  =  0.73Af  -  0.2iMp  +  0.40  log  mo  +  m 

where  T  is  the  time  period  between  two  main  shocks;  the  magnitude  of  the 
previous  main  shock;  Mf  the  magnitude  of  the  following  main  shock;  the 
magnitude  of  the  smallest  mainshock;  mo  the  moment  rate  in  each  region,  and  9  and 
m  are  parameters  which  change  from  area  to  area.  Based  on  the  seismotectonic  and 
other  criteria,  the  territory  of  China  was  divided  into  66  regions  and  the  above  model 
has  been  applied  with  the  aim  to  estimate  the  probability  of  occurrence  of  the  next 
strong  mainshock  (M>7.0)  during  the  next  decade  as  well  as  the  magnitude  of  the 
expected  event.  In  order  to  compare  the  results  obtained  by  the  model  with  the 
results  derived  by  the  time  independent  model,  statistical  tests  have  been  performed. 
It  was  found  that  the  "model  probability"  is  almost  equivalent  to  the  rate  of 
occurrence  of  the  mainshocks  in  each  area.  Furthermore,  the  success  ratio  of  the 
model  probabilities  was  found  to  be  more  compatible  with  the  real  situation  than  the 
one  estimated  by  time  independent  models. 


DETERMINISTIC  SEISMIC  HAZARD  ASSESSMENT  OF  ROMANIA 

M.  Radiiliaii  (1).  N.  Mandrcscu  (1).  F.  Vaccari  (2)  and  G.F.  Panza,  2.3 

(1)  National  Institute  for  Earth  Physics.  Bucharest,  Romania 

(2)  Dipartiniemo  di  Scicnze  della  Terra,  Universita  degli  Studi  di  Trieste.  Italy 

(3)  International  Centre  for  Theoretical  Physics.  Trieste.  Italy 
E-mail:  mirceaiffiinfp.ifa.ro 

The  seismic  haz.ard  is  described  by  peak  ground  motion  values  (acceleration, 
velocity  or  displacement )  and  design  ground  acceleration.  Synthetic  seismograms 
are  computed  by  normal  inode  summation  for  a  dense  grid  of  sites  covering  the 
whole  territory.  The  computation  is  made  separately  for  shallow  and  intennediate- 
depth  sources.  Special  attention  is  paid  to  Vrancea  earthquakes  which  prominently 
control  the  distribution  of  the  hazard  level.  The  peak  ground  motion  parameters  arc 
compared  with  the  discretized  existing  maps  of  macroseismic  intensity  reported  for 
the  large  Vrancea  earthquakes.  Regressions  between  the  maximum  observed 
intensities  and  synthetic  peak  ground  motion  arc  analyzed.  The  influence  of  the 
focal  mechanism  in  the  Vrancea  source  upon  the  characteristics  of  the 
macroseismic  field  is  investigated.  The  results  of  our  dclcnninislic  approach  arc 
finally  discussed  with  respect  to  other  approaches  emploting  the  probabilistic 
method. 


EARTHQUAKE  RECURRENCE  FOR  NORTH  EURASIA:  THE 
THENCHING  DATA 

E.  A.  Rogozhin 

United  Institute  of  Physics  of  the  Earth  RAS,  Moscow,  Russia 
E-mail:  evgrog.'Siiiipc-ras.scgis.ru 

The  trenching  method  in  paleoseismic  investigation  is  very  popular  recently  due  the 
reliable  and  infonnativc  results.  Some  seismic  faults  of  earthquakes  of  historic  and 
instrumental  periods  were  studied  by  this  technique.  For  example  three  trenches 
were  dug  across  the  surface  rupture  of  the  Mogod,  1967,  Ms=7.8  earthquake  on 
Central  Mongolia  and  two  trenches  were  dug  across  the  visible  escarp  of 
problematic  palcorupturcs  of  a  prehistoric  earthquake  in  Altai.  The  main  results  of 
these  researches  are:  1.  The  strong  and  major  earthquake  sources  are  stable 
structure  in  geological  environment  due  to  the  special  combination  of  geological 
and  geophysical  condition.  2.  Seismic  shocks  occur  in  the  same  source  zone 
repeatedly.  3.  An  average  recurrence  period  depends  on  structural  and  geological 
condition  (in  Alpine  fold  system-several  hundred  years,  in  young  and  aneient 
platforms-several  dozen  thousands  years. 


~  The  model  of  the  seismic  process  and  prognosis  of  the  earthquakes. 

D.  Sadvkov.  K.  Istekov,  Abay  University,  Almaty,  Republic  of  Kazakstan 

Many  dynamic,  deformational  and  rotational  features  of  the  Earth,  created  by  the 
outer  and  inner  forces,  have  been  formed  as  a  result  of  the  interaction  of  its  model 
parts.  In  particular,  the  deformation  exceeding  the  rocks  (tensile  strength)  can  hap¬ 
pen  during  50-600  years,  which  is  the  period  of  earthquakes  (EQ)  repetition  in  the 
varies  seismic  regions  of  the  Earth.  As  it  is  known,  EQ  are  related  to  solar  activity. 
Its  Il-year  cycle  (s.c.)  can  be  used  as  unit  in  Wolfs  digits,  and  the  analysis  of  the 
EQ  distribution  during  the  recent  100  years  shows  that  the  period  between  the  EQ  of 
M>8  is  6  s.c.,  and  if  M=7.0-7.9  the  period  is  5  s.c.  Inversion  of  the  seismic  activity 
migration  occurs  during  2  s.c.  Analysis  of  the  seismic  activity  migration  at  some  ter¬ 
ritory  shows  that  the  EQ  hypocentre  shifts  in  longitude  and  for  some  distances,  and 
such  displacement  are  different  depending  on  the  EQ’s  magnitude.  The  EQ’s  mag¬ 
nitude  is  usually  proportional  with  the  square  of  the  sphericai  surface  .where  the 
outer  forces  influence  the  Earth,  and  its  inner  reaction  against  those  forces  is  in  ac¬ 
tion.  The  radius  of  that  surface  (R)  can  be  calculated  as  M=Lg(nR^),  where  R  is  in 
km.  An  example  of  the  prognosis  can  been  seen  below.  The  forecast  was  done  on 
the  12*  of  June,  1995,  for  the  second  half  of  1995.  The  possible  seismic  event  was 
expected  by  the  end  of  1995  in  a  place  with  coordinates  79’*+1.5°E,  42.5®+0.5®N, 
M=5. 5+0.5.  The  actual  EQ  occurred  on  the  31*  October,  1995,  at  80°  lO'E  ,  43° 
lO'N,  M=5.0-5.1.  At  the  same  time  the  conclusion  had  been  made  that  EQ  of  M>6 
could  not  be  expected  in  this  area  in  1995.  That  prognosis  had  proved  to  be  correct. 
There  is  a  new  Aeoretical  basis  of  EQ  prediction . 


METHODS  FOR  ATMO-RADIOGEOCHEMICAL  MONITORING  OF 
MANIFESTATIONS  OF  SEISMO-  TECTONIC  HAZARDS 

N.Ya.ShabaIin,  M.Ya.  Borovsky’,  V.A.Trofimov",  E.Laubenbakh,  B.Meltchouk'". 
("Kazan’  Geophysical  Expedition,  Kazan’,  Tatarstan 
’’A/O  Tatneftegeofizika,  Tatarstan; 

""VNlIgeosystem,  Moscow  ;  Fax:  +095-958371 1). 

Presented  are  combined  methods  appiied  to  monitor  possible  activization  of 
endogenous  geoprocesses.  Areas  with  high  ecological  risk  are  isolated  -  specific 
geodynamic  deep-seated  zones  featuring  abnormai  geochemical  and  fluidal  regime, 
and  abnormal  seismic  (active  seismic  generating  faults).  The  study  of 
neogeodynamic  processes  is  based  on  the  high-informative  regional  and  local 
aiibome  survey,  particularly,  examination  of  the  distribution  of  methane,  radon, 
uranium,  thorium,  and  potassium  found  from  atmogeochemicai  and  gamma-ray 
spectrometry  made  at  the  altitude  of  50-75  m.  Airborne  equipment  includes  laser 
methane  gas  analyzer  with  the  sensitivity  of  0.1  ppm,  combined  with 
microprocessor  ADSP-2 101;  radon  analyzer  which  provides  measurement  of  alpha- 
radiation  of  atmospheric  aerosol  sorbed  by  air  filters,  airborne  gamma-ray 
spectrometer,  etc.  Measuring  devices  are  interfaced  to  navigation  units  controlled  by 
a  computer  providing  data  acquisition,  recording  and  processing. 
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ESTIMATION  OF  EARTHQUAKE  HAZARD  PARAMETERS  IN  THE 
SOUTH  AMERICA  AREA 

T.  M.  Tsapanos. 

Aristotle  University  of  Thessaloniki,  Geophysical  Laboratory,  54006  Thessaloniki 
Greece. 

E-mail:  tsapanos@geo.auth.gr 

Two  techniques  are  applied  in  order  to  estimate  the  earthquake  hazard  parameters 
in  South  America,  an  area  of  high  seismic  activity.  These  techniques  are:  1)  the  w 
values  obtained  through  Gumbel’s  third  asymptotic  distribution  of  extremes,  which 
is  considered  as  the  upper  bound  magnitude  and  is  related  to  the  finite  maximum 
stresses  and  strains  which  are  currently  accumulated  and  released  by  the  rocks,  as 
earthquake,  in  a  region;  and  2)  the  maximum  likelihood  approach.  This  second  one 
provides  the  regional  maximum  magnitude.  Mmax  (which  is  considered  as  the 
maximum  possible  magnitude  in  a  specific  region),  the  actiivity  rate,  A,  of  the 
seimic  events,  the  mean  return  period,  R,  of  earthquakes  with  certain  lower 
magnitude  M>m  and  the  parameter  b  of  the  magnitude-frquency  relation.  The 
parameter  p  is  also  obtained,  which  is  interrelated  to  b,  with  b=ploge.  Six  depth- 
ranges  subdivisions  are  defined  for  the  examined  area.  All  the  seismic  parameters 
are  computed  for  each  individual  depth  range.  In  all  cases  (jJ  values  are  higher  than 
the  regional  Mmax  estimates.  The  seismic  activity  rate  is  decreasing  with  depth, 
while  p  parameter,  which  ranges  between  1.1$  to  2.06,  does  not  show  any 
regularity  in  its  depth  distribution.  Based  on  the  obtained  parameters,  we  evaluate 
tlie  seismic  hazard  of  each  depth  range  in  South  America. 


A  WORLDWIDE  SEISMIC  HAZARD  ASSESSMENT 
T.  M.  Tsapanos  (1)  and  C.  V.  Christova  (2) 

(1)  University  of  Thessaloniki,  Geophysical  Laboratory,  54006  Thessaloniki, 
Greece 

(2)  Geophysical  Institute.  Bulgarian  Acad.  Of  Science,  Sofia  1113,  Bulgaria 
E-mail:  tsapanos@geo.auth.gr 

The  most  reliable  data  set  is  used  in  the  present  study  in  order  to  evaluate  the 
seismic  hazard  in  the  whole  globe.  The  data  set  consisted  of  a  complete  and 
homogeneous  global  catalog  of  earthquakes  with  magnitude  M^5.5  and  the  time 
covered  is  from  the  beginning  of  tlie  present  centuiy.  The  present  study  is 
restricted  to  shallow  (h<60  km)  earthquakes.  In  order  to  produce  maps  of  seismic 
hazard,  the  whole  Earth  is  divided  into  a  grid  point  mesh  1®XI® .  For  each  1®  point 
the  parametrs  a  and  h  were  estimated  by  least  squares  method  and  using  a  sample 
of  data  of  earthquakes  located  inside  circles  centered  at  each  point.  The  radius  of 
the  circles  varied,  starts  from  30  km  and  is  moving  with  a  step  of  lOkm.  Only  those 
values  of  a  and  h  are  accepted  which  fullfilled  3  predefined  condiitions.  These  are  : 
1)  the  number  of  earthquakes  in  the  circles  must  be  IS  or  larger,  2)  the  number  of 
points  in  the  LogN-M  must  be  5  or  larger  and  3)  the  difference  between  the 
maximum  and  the  minimum  magnitude  of  earthquakes  in  a  circle  must  be  1.5  or 
larger.  Based  on  these  we  prepared  maps  of  seismic  hazard  which  is  expressed  as 
Mmax  observed  and  conceqiienily  as  seismic  moments  and  seismic  moment  rates. 
These  maps  effectively  produce  a  brief  atlas  of  seismic  hazard. 


A  HOMOGENEOUS  MARKOV  MODEL  AS  A  PATTERN  FOR 
EARTHQUAKE  RECURRENCE  IN  SOUTH  AMERICA 

T.  M.  Tsapanos 

Aristotle  University  of  Thessaloniki,  Geophysical  Laboratory,  54006 
Thessaloniki,  Greece 
E-mail:  t.sapanos@geo.auth.gr 

The  well  known  statistical  model  of  the  Markov-chains  is  applied  in  South  America 
in  order  to  search  for  a  pattern  of  great  earthquake  recurrence.  The  model  defines  a 
process  in  which  successive  state  occupancies  are  governed  by  the  transition 
probabilities  py  of  the  Markov  process,  and  are  presented  as  a  transition  matrix  of 
NxN  dimensions.  The  process  {X(t),  t>0}describes  the  visits  to  the  states  and  is  said 
.to  be  a  Markov  process.  The  magnitudes  of  earthquakes  are  firstly  defined  as  states 
and  the  obtained  results  indicate  an  evidence  for  a  homogeneous  behavior  of  the 
model,  which  was  verified  by  the  application  of  the  x^-lest.  The  six  predefined  zones 
in  which  the  area  of  South  America  is  divided  are  then  considered  as  states.  Thus  the 
visits  from  zone  to  zone,  which  is  from  state  to  state,  carry  with  them  the  number  of 
the  zone  in  which  they  occurred.  If  these  visits  are  considered  to  be  earthquake 
occurrences  we  can  inspect  their  migration  between  the  zones  (states)  and  estimate 
their  genesis  in  a  statistical  way,  through  the  transition  probability.  Attention  is  given 
in  the  zones  where  the  large  earthquakes  with  M>8.0,  in  1906,  1922,  1942  and  1960 
occurred.  A  pattern  is  revealed  which  suggests  a  south  towards  north  migration  of 
large  earthquakes.  The  migration  (visit)  from  zone  to  zone  (from  state  to  state)  is 
given  through  the  estimated  transition  probabilities. 


PROM  QUANTITATIVE  SEISMIC  ZONING  TO  THE  DEFINI¬ 
TION  OF  CORRELATION  RELATIONS  BETWEEN  GROUND 
MOTION  PARAMETERS  AND  MACROSEISMIC  INTENSITIES 

Vaccari  F.  (1,2),  Cazzaro  R.  (1)  Panza  G.F.  (1,3) 

(1)  Dipartimento  di  Scienze  della  Terra,  University  of  Trieste,  via  Weiss,  1,  Tri¬ 
este,  Italy,  (2)  CNR-GNDT,  via  Nizza,  128,  Roma,  Italy,  (3)  The  Abdus  Salam 
International  Centre  of  Theoretical  Physiscs,  SAND  Groupi  Trieste,  Italy. 

A  deterministic  procedure  for  seismic  hazard  assessment  has  been  developed  at 
the  University  of  Trieste,  Dept,  of  Earth  Sciences,  in  the  framework  of  the  activ¬ 
ities  of  the  Gruppo  Nazionale  per  la  Difesa  dai  Terremoti.  Using  the  available 
information  about  regiond  structural  models,  past  seismicity,  and  the  seis- 
motectonic  regime  of  the  studied  area  we  generate  by  the  modal  summation 
technique  a  set  of  synthetic  seismograms  covering  the  territory  on  a  0.2®  x  0.2® 
grid.  The  procedure  has  been  recently  applied  in  the  Circumpannonian  and  Di- 
naric  region,  and  in  Algeria.  Peak  values  of  ground  motion  (displacement  and 
velocities)  and  Design  Ground  Acceleration  based  on  design  spectra  extracted 
from  the  synthetic  signals,  can  be  compared  with  observed  macroseismic  inten¬ 
sities  wherever  reliable  intensity  maps  are  available.  This  is  the  case  of  Italy: 
the  correlation  relations  that  we  have  obtained  are  in  a  good  agreement  with 
empirical  relationships  given  by  other  authors  and  compare  quite  well  with  the 
few  observations  available  in  the  Italian  territory. 


B-VAiCSS  FOR  ESTIMATING  RECURRENCE  TIMES;  AVBRXOS  OR  ASPERITY  VALUES? 

Stafan  wlan-.erl  and  Ktx  WysaZ 

ISaiaaold^/  &  Velcaaolegy  Raa.  pept.,  Mataorsl.  R«a.  Ina^.,  Nagamina, 
Tsukuba  303,  Japan,  Btafanilirrl-jna.go.jp  a  Geophya.  Inst.,  Univ.  of  Alaska 
Pairbanks,  AX,  USA.,  fliax9gisaia.alaska.edu. 

Tha  b-value  varies  acrongly  on  aoalaa  of  a  few  kilomaters  in  KOtt 
aaisnoganic  vol-umas  we  have  mapped  ao  far  by  the  gridding  technique.  This 
la  cot  unexpacted  ba-cauaa  tha  cruse  is  hatereger.ceus  in  material 
properties  and  In  stress  level,  ona  should  axpect  tha  mean  magnitude,  or 
nvean  rupture  length,  to  vary  volume  to  volume.  These  variations  ara 
reflected  by  tha  change  of  b-value,  which  is  inversely  propor-tiocal  to 
eean  cuignitude.  Along  segments  of  the  San  Andreas  and  the  Calaveras 
faults,  we  have  found  that  anomalously  low  b-valuas  of  0.5  correlate  with 
asperities  and  anomalously  high  b-values  of  1.3  with  erseping  segments  of 
the  fault.  Therefore,  we  hypothesize  that  seismogenic  volumea  with 
anomalously  high  b-values  may  not  be  able  to  generate  major  earthquakes/ 
they  may  only  participate  relatively  passively  in  major  ruptures  of 
neighboring  asperities  characterized  by  lew  b-values.  Along  the  San 
Andreas  fault,  we  find  that  the  recurrence  time  is  everestinatsd  by  three 
orders  of  magnitude  if  it  is  based  er.  the  frequency-magnitude  relation 
(FMD)  of  the  creeping  portion,  by  a  factor  of  four,  if  it  is  estimaesd  from 
the  average  FMD,  and  it  is  estimated  eorraotly  from  the  FUD  within  the 
asperity  only.  We  propose  that  the  portions  of  a  fault  outside  the 
asperities  do  not  contain  -information  on  when  rupture  may  occxir,  be-cauat 
this  is  controlled  by  the  asperity  exclusively.  If  our  ideas  are  correct, 
then  recur-rence  tine  calculations  based  on  FMSs  should  be  revised  to 
include  asperities  only. 


AN  INTEGRATED  SYSTEM  FOR  SEISMIC  RISK  ASSESSMENT  OF 
VRANCEA  REGION-  ROMANIA 

MARIA  ZORAN 

Institute  of  Atomic  Physics,  Institute  of  Optoelectronics, 

Bucharest  -  Magurele,  Atomistilor  1,  PO  Box  MG  22,  Romania,  76900 

The  aim  of  this  paper  is  to  present  an  integrated  data  system  based  on 
satellite  remote  sensing  ,  geotectonic,  “in-situ"  monitoring  data  for  seismic 
risk  analysis  which  estimates  the  geographic  distribution,  frequency,  and 
intensity  of  seismic  activity,  without  attempting  to  predict  specific 
events.Remote  sensing  and  field  studies  of  active'  faults  can  provide  a 
geologic  history  that  overcomes  many  of  the  shortcomings  of  instrumental 
and  historic  records.  The  majority  of  strong  Romanian  earthquakes  has  the 
origin  in  Vrancea  region,  a  distinctive  active  zone  of  the  Alpine  orogenic  belt 
placed  at  the  Eastern  Carpathians  Arc  Bend  with  extensive  macroseismic 
area.GIS/LIS  technologies  are  very  useful  for  a  more  powerful  analysis  and 
decision  support  tools. 
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AN  "BOUNDARY  DILATANCY  LAYERS”  AND  THEIR 
INFLUENCE  ON  THE  RELATION  BETWEEN  GEOPHYSICAL 
ANOMALIES-PRECURSORS  OF  DIFFERENT  NATURE 

A.  S.  Alekseev 

Institute  of  Computational  Mathematics  and  Mathematical  Geophysics, 
Siberian  Branch  of  RAS,  Novosibirsk,  630090,  Russia. 
aleksCsscc.ru/Fax:  [7]  3832  32  42  59 

The  space-time  variations  of  anomalies  of  geophysical  fields  (stress  and  strain 
fields,  the  gravitational  field;  distribution  of  the  electrical  resistance,  the  ground 
water  level,  etc.)  in  formation  of  sources  of  future  earthquakes  can  be  recorded 
using  dense  geophysical  multidisciplinary  observation  networks.  These  anoma¬ 
lies  appear  at  distances  of  up  to  200-300  km.  Their  behaviour  is  very  unsta¬ 
ble.  There  arise  some  questions  associated  with  elucidation  of  the  formation 
mechanisms  of  these  anomalies.  Some  of  these  questions  are  discussed  within 
the  framework  of  the  hypothesis  for  dilatancy  of  the  near-surface  layer  of  the 
Earth’s  crust.  It  has  been  established  by  mathematical  simulation.  The  forma¬ 
tion  of  "conjugate”  anomalies  of  geophysical  fields  in  zones  of  "surface  dila¬ 
tancy”  and  the  corresponding  direct  and  inverse  multidisciplinary  problems  of 
mathematical  simulation  of  the  anomalies  are  considered. 


A  NEW  APPROACH  TO  USING  THE  DATA  OF 
ELECTROMAGNETIC  MONITORING  OF  EARTHQUAKES 
AT  THE  TERRITORY  OF  CHINA 

A.  S.  Alekseev  (1),  A.  V.  Avdeev  (1),  E.  V.  Goruynov  (1)  and  V.  V.  Skazka  (2) 
(1)  Institute  of  Computational  Mathematics  and  Mathematical  Geophysics, 
Novosibirsk,  Russia,  (2)  Sobolev  Institute  of  Mathematics,  Novosibirsk,  Russia 
avdeev@omzg.sscc.ru,  avdeev@comcen. nsk.su/Fax:  -1-007-3832-324259 

Seismologists  in  different  seismically  active  regions  of  the  Earth  use,  as  a  rule, 
the  whole  set  of  geophysical  methods  taking  into  account  the  complex 
character  of  seismicity  processes.  It  is  well  known  that  anomalous  changes  of 
different  geophysical  fields  taking  place  before  many  strong  earthquakes  can 
apparently  be  considered  as  precursors  of  earthquakes.  However,  in  a  large  set 
of  such  precursors  there  are  always  contradictory  data  about  the  possibility  of 
an  earthquake  and  its  parameters.  One  significant  limitation  of  available 
prediction  algorithms  based  on  studying  the  development  of  anomalies  of 
various  nature  is  basically  the  statistical  character  of  these  algorithms.  They 
practically  do  not  take  into  account  the  quantitative  characteristics  of  the 
physical  process  of  earthquake  preparation  itself.  An  attempt  is  made  to  use 
the  data  of  monitoring  of  electromagnetic  precursors  of  earthquakes  made 
available  to  us  by  Chinese  specialists  for  reconstructing  the  time  dynamics  of 
some  characteristics  of  the  medium  in  the  regions  under  observation.  The 
analysis  of  real  data  has  shown  that  effective  parameters  of  cracking  can  be 
reconstructed  within  the  framework  of  the  Archies  law  with  some  certainty. 

In  any  case,  the  obtained  estimates  of  the  effective  parameters  associated 
with  the  cracking  of  the  medium  correlate  well  with  the  time  of  earthquakes. 
(The  research  was  supported  by  RFBR  under  grant  96-05-66058.) 


THE  EARTH’S  CRUST  DEFORMATIONS  MONITORING  ON 
KAMCHATKA. 

VHory  F.  Bakhtiarov  (1),  Vasily  E.  Levin  (1)  and  Minoru  Kasahara  (2) 

(1)  Institute  of  Volcanology,  Piip  a.  9,  Petropavlovsk-Kamchatsky,  683006  RUS¬ 
SIA,  (2)  Hokkaido  University,  NIO,  W8,  Kita-ku,  Sapporo,  060,  JAPAN. 
Bkasaeeo8.hokudai.ac.jp/Fax;  [011-7]  41522-54723 

The  Kamchatka  Peninsula  is  located  at  the  junction  of  the  Aleutian  and  the 
Kurile-Kamchatka  island  arcs.  This  region  is  characterized 
by  high  volcanic  and  seismic  activity.  Geodetic  monitoring  of  Petropavlovsk- 
Kamchatsky  and  it’s  vicinity  by  laser  distance  measurement,  strainmeter  and 
tiltmeter  had  been  made  since  1978  year.  Observations  are  carried  out  by  one- 
wave  and  two-wave  electronic  distance  measurements,  borehole  strainmeter 
and  tiltmeter.  The  main  results  obtained  from  1978  are  as  follows:  ♦  elastic 
anisotropic  deformations  about  3  ppm  were  observed;  -  measured  deformations 
were  revealed  to  be  interrelated  with  both  earthquakes  and  volcano  eruptions; 

-  trends  of  line  lengths  with  velocity  of  about  0.03-0.2  ppm/year  were  detected; 

-  the  Avachinsky  volcano  eruption  of  January  13,  1991  was  accompanied  by 
3  ppm  deformations;  -  deformation  wave  from  Hailino  earthquake  (M=7.0, 
March  8,  1991)  was  registered  at  a  distance  of  1000  km  from  epicenter.  Its 
velocity  and  amplitude  were  40  km/h  and  1  ppm,  correspondingly;  -  coseismic 
deformations  0.8  ppm  and  100  mkr  from  the  Shikotan  earthquake  (October 
5,  1994  M=8.0)  were  obtained;  -  the  reactions  of  strain  and  tilt  from  earth¬ 
quakes  ofSanriku  (29.12.94).Kobe  (17.01.95), Sakhalin  (28.05.95)  were  noticed. 

-  precursor  variation  of  strain  before  Neftegorsk  earthquake  appeared  several 
days  before  and  had  an  amplitude  of  about  3  ppm.  The  observations  by  GPS 
stations  were  started  in  1995.  The  continuously  observations  began  in  summer 
1996.  There  are  8  GPS  stations  on  Kamchatka  now  for  studing  of  Earth’s  Crust 
Ileformations  as  precursory  phenomena  before  high  seismicity.  Only  one  strong 
earthquake  (05.12.97,  M=7.7)  not  far  from  Kronotski  penisula  was  from  sum¬ 
mer  1996.  Any  data  of  GPS  stations  as  a  reaction  from  this  earthquake  will  be 
represented. 


CURKENT  SEISMIC  HAZARD  .  ASSESSMENT  BASED  ON 
MULTIPARAMETKR  MONITORING  OF  LITHOSHHEke 

Q  Ralaecanlan  KfttlAnftI  Survry  fnr  Pr/Mactlon  of  tho  Rapubllo  of  AnMsnta, 

•Mhv'cIv  (t.  Yerev'ftn.  Kvpublio  ol  Armpnio  Fax  i  374(2)  15-11-00 

(AT&T)  374  (2)  28-68.13  Tel:  28-28-1 1, 28.68-13 
E.niail;  prcsidnt^nssp.yephl.am,  olTlcc^nssp.am 

Long-standing  Investigations  of  prc*.  co*,  post,  and  Inter-  seismic  phenomena  on  the 
territory  of  Armenia,  based  6n  the  muHiparameter  monitoring  of  lithosphere  shows  the 
foilovvlng:  1)  anomalous  geophysical,  geological,  .  biophysical  phenomena 
aecompanying  the  preparation  and  realization  of  seismic  events  in  general  are  not  | 
related  to  the  earthquakes,  they  like  the  earthquakes  themselves  are  related  to  tlie 
FAdh’s  cnisl  drfnrmatinn  under  the  Influenrr  of  regional  forces  of  the  elMtie  clrefioao. 
2)  The  stronger  is  the  Earth’s  crust  deformation,  the  greater  Is  the  value  of  the  ■ 
annmaliet  of  sennhysiral  oenlnoiral.  arnompanjilng  tho  emiikqublii 

preparation  and  realization  poecsses.  3)  In  oonnectlon  with  the  Bath's  crust  ‘ 
hclirit(uii:i1y.  ill  tnnsiniiiiM  drrnnnHiinn  rones  In  general  caco,  may  not  ooinoldo  with 
tho  rupture  eoncs,  i.e.  wiiH  the  eethqiiAke  soutcv.  4)  The  RiiouiBlto  of  geuphysIcKl, 
geologieat,  biophysical  phetiomeiia.  owinpunying  the  st^Umlc  event  preparation  and  ) 
realization  due  to  the  lieierogenciiy  of  the  Earth's  crust.  may  be  observed  at  any  > 
distance  from  the  rupture  of  zone  (i.o.  from  the  earhquakc  source)  within  the  entire 
regional  field  of  deformations;  Therwith  the  anomalies  of  various  phenomena  In  may 
be  more  intensive  In  the  zone  which  is  far  from  Ihc  source  tliaii  in  the  one  which  Is 
near  to  it.  In  conlrics  like  Armenia  today  it  is  more  realistic  and  necessary  to  focus  the 
national  effects  on  stage-by-stage  current  sesmic  hazard  assessment. 


RESONANT  DISTURBANCES  IN  A  HOMOGENEOUS  ELASTIC 
WAVEGUIDE  AND  EARTHQUAKE  PREDICTION 

L.  Brevdo 

Mathematisches  Institut  A,  Universitat  Stuttgart,  D-70569  Germany. 
brevdoOmathematik. uni-Stuttgart. de/Fax:  [49]  711  685  5535 

We  show  that  every  homogeneous  elastic  waveguide  is  neutrally  stable  and 
possesses  a  countable  set  of  temporally  resonant  frequencies  {wn  €  R,n  €  N}. 
For  each  Wn  in  this  set,  the  response  of  the  waveguide  to  a  spatially  localised 
two-dimensional  (2-D)  oscillatory  forcing,  with  the  time  dependence 
grows  in  time  at  least  as  for  f  oo.  The  growth  \/f  occurs  in  the  case  of 
a  low-order  resonance.  Also,  for  a  wide  set  of  physically  relevant  waveguides, 
there  exist  resonant  frequencies  Dm  6  R,  for  which  high-order  2-D  resonances 
with  the  growth  occur.  Same  Dm  are  resonant  frequencies  for  axisymmetric 
disturbances,  with  the  growth  y/i.  The  analysis  is  based  on  solving  the  linear 
initial-value  problem  for  localised  disturbances  in  the  waveguide  by  means  of  a 
combined  Laplace-Fourier  or  Laplace-Hankel  transform.  The  asymptotic  evalu¬ 
ation  of  the  solution,  when  t  oo,  represented  as  an  inverse  transform  integral, 
is  carried  out  by  analysing  the  spectrum  of  the  waveguide  {(/r,u;)  |  D{k,u))  =  0}, 
for  (it,w)  €  C^.  Here  ib  is  a  wavenumber  and  D{k,u)  is  the  dispersion  relation 
function.  Low-order  resonances  occur  for  a  frequency  a;o  €  R  for  which  the 
equation  I>(Jfc,u;o)  =  0  has  a  double  root  fco  €  R  in  A.  In  the  high-order  case 
treated  the  root  is  quadruple.  Algebraically  growing  disturbances  can  play  a 
role  of  a  triggering  mechanism  for  certsdn  earthquakes.  So  computing  and  ob¬ 
serving  resonant  frequencies  can  lead  to  a  prediction  of  such  earthquakes. 
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DETECTING  PRECURSORY  SEISMIC  QUIESCENCE  IN 
GREECE  USING  THE  SEISMOLAP  METHOD 

GCHOULIARAS  (H.  G.STAVRAKAKIS  (1)  and  J.ZSCHAU(2) 

(1)  National  Observatoiy  of  Athens,  Institute  of  Geodynamics,  Athens, 
Greece,  GFZ Potsdam 

g.choul@egelados.gein.noa.gr/Fax;+3013426005 

SEISMOLAP  was  introduced  by  Zchau  (1995)  in  order  to  quantify  seismic 
clustering  and  quiescence  at  one  location  with  one  variable.  The  application 
of  SEISMOLAP  to  the  Greek  earthquake  catalog  of  the  Institute  of 
Geodynamics  of  the  National  Observatory  of  Athens  successfully  identified 
precursory  seismicity  quiescence  prior  to  five  catastrophic  earthquakes  that 
occured  in  different  areas  of  Greece  in  the  last  twenty  years  (Chouliaras  et 
al.,  1997).  In  fiiis  study,  for  a  better  evaluation  of  the  method,  we  will 
presort  a  more  thorough  investigation  by  testing  it  with  a  larger  number  of 
seismic  events  in  order  to  perform  statistical  analysis  on  the  results. 


STUDY  OF  SEISMICITY  IN  GREECE  AND  THE 
ADJACENT  AREAS  BY  THE  SEISMOLAP  METHOD 

C.  Christova .  S.  B.  Nikolova  and  A.  Venedikov 
Geophysical  Institute,  Bulgarian  Academy  of  Sciences,  1113  Sofia, 
Bulgaria,  cenka@geophys.acad.bg;  vened@geophys.acad.bg/  Fax: 
+359-2700-226 

The  paper  deals  wiA  space-time  distribution  of  seismicity  in 
Greece  and  the  adjacent  areas.  The  applied  SEISMOLAP 
technique  (Zschau)  gives  new  measures  of  seismicity 
(SEISMOLAPl)  and  quiescence  (SEISMOLAP  2).  The 
advantage  of  SEISMOLAP  in  search  for  precursory  information 
is  that  it  considers  both  fi-equency  of  earthquakes  and  their 
distribution  in  time  and  space  relatively  to  a  point  of  investigation. 
A  newly  developed  reference  system  which  allows  statistically 
significant  clustering  and  quiescence  to  be  recognized  is  applied. 
Several  fault  zones  in  the  considered  region  are  investigated  by 
using  various  versions  of  SEISMOLAP. 


RESEARCH  FOR  GEOHYDROLOGICAL  SEISMIC  PRECURSORY  PHENOME¬ 
NA  IN  GREECE 

M.E.Contadakis,GAsteriadis 

Departement  of  Geodesy  and  Surveying,  Thessaloniki  University, Thessaloniki 
54006,  Greece 

kodadaki@vergina.eng.auth.gr/Fax:+30-31-996122 

Although  reliable  reports  on  pre-,  co-  and  post-seismic  variation  on  hydrologic 
characteristics  of  a  seismic  active  area  were  known  from  the  antiquity  in  Greece,  it 
was  only  the  last  two  decades  that  systematic  research  focused  its  interest  to  this 
potential  method  on  estimating  the  seismic  hazard.  These  investigations  are  briefly 
reviewed  and  the  results  are  been  discussed  together  with  the  results  of  the  recent 
research  on  underground  water  level  and  temperature,  which  has  been  undertaken 
by  the  Department  of  the  Geodetic  Astronomy  in  the  area  of  Pieria  in  Macedonia, 
Greece(22'’.6E,40“.2). 

From  this  discussion  it  turns  out  that  underground  water  level  and  temperature 
variations  were  clearly  observed  as  precursory  phenomena  connected  with  major 
earthquakes  as  well  as  as  increased  noise  connected  to  the  local  microseismic 
activity  with  a  probability  75%.  In  view  of  these  results  we  conclude  that,  among 
the  various  methods  of  indirect  monitoring  of  the  tectonic  activity  in  an  area, 
which  in  addition  is  of  very  low  cost,  is  that  of  the  following  up  of  the 
underground  water  level  and  temperature  changes  in  the  area  of  interest  This 
method  is  based  on  the  fact  that  tectonic  activity  result  to  tectonic  stresses 
producing  alterations  to  the  local  water  table  which  in  its  turn  is  observed  as 
variation  to  the  underground  water  level  and  temperature. 


OBSERVATIONAL  EVIDENCES  OF  GEOELECTRICAL  AND 
SEISMOACOUSTIC  SIGNALS  POSSIBLE  RELATED  TO  SEISMIC 
ACTIVITY  ON  SOUTHERN  APENNINE  CHAIN  (ITALY). 

V.  Cuomo  and  G.  Di  Bello  (Dip.  di  Ingegneria  e  Fisica  dell?Ambiente,  Universit6 
della  Basilicata,  Potenza,  Italy). 

V.  Lapenna  and  S.  Piscitelli  (1st.  di  Metodologie  Avanzate  di  Analisi  Ambientale, 
CNR,  Tito  (PZ),  Italy). 

D.  Patella  (Dip.  di  Geofisica  e  Vulcanologia,  Universit6  di  Napoli,  Italy). 

G.  Paparo  (1st  di  Acustica  "O.M.  Corbino",  CNR,  Roma,  Italy). 

I.  Marson  ^ip.  Ingegneria  Navale,  del  Mare  e  per  l?Ambiente,  Trieste,  Italy). 

The  first  experimental  results  regarding  a  combined  monitoring  of  geoelectric  and 
seismo^oustic  signals  in  a  seismic  area  of  Southern  Italy  are  analyzed.  A  remote 
station  was  installed  north  of  the  town  of  Potenza,  close  to  an  active  ^ult  system, 
where  many  destructive  earthquakes  occurred  in  past  and  recent  times.  The  goal  is  to 
verify  the  existence  of  correlations  between  geoelectric  and  seismoacoustic  signals  and 
die  local  seismicity.  Preliminary  filtering  procedures  for  the  removal  of  meteo-climatic 
effects  and  noise  fluctuations  of  anthropic  origin  were  applied.  Then,  objective 
methods  were  used  to  discriminate  anomalous  patterns  from  background  noise  in 
electric  and  seismoacoustic  time  series.  Finally,  a  deep  analysis  of  the  possible 
correlations  between  extreme  events  and  incoming  earthquakes  has  been  carried  out. 
The  results  so  far  obtained  encourage  the  prosecution  of  the  research  to  improve  the 
knowledge  on  the  local  geodynamic  processes  that  give  rise  to  precursory  phenomena 
of  electric  and/or  acoustic  nature. 


PRECURSORY  SWARMS,  QUARMS,  AND  MAINSHOCK 
HAZARD 

F.F.  Evison  (1)  and  D.A.  Rhoades  (2) 

(1)  Institute  of  Geophysics,  Victoria  University  of  Wellington, 
P.O.B0X  600,  Wellington,  New  Zealand,  (2)  Institute  of  Geological  & 
Nuclear  Sciences,  P.O.Box  30-368,  Lower  Hutt,  New  Zealand 
Frank.Evison@vuw.ac.nz/Fax;  +64-4-495  5186 

Systematic  studies  of  the  predictive  relations  between  swarms  and 
mainshocks,  based  on  the  New  Zealand  and  Japan  catalogues,  have 
indicated  that  the  state  of  uniformity  of  the  medium  is  a  factor  in 
seismogenesis,  and  that  the  occurrence  of  swarms  depends  on  high 
fluid  pressure.  An  implication  of  these  developments  is  that,  in  regions 
of  lower  fluid  pressure,  the  swarm  is  replaced  by  the  quarm  (i.e.  quasi- 
swarm),  which  is  more  protracted  in  time,  but  is  otherwise  similar,  and 
displays  the  same  predictive  relations.  The  performance  of  these 
precursors  is  being  tested  by  the  methodology  of  hazard  refinement  and 
synoptic  forecasting. 


CRUSTAL  MOVEMENTS  OBSERVED  IN  THE  FOCAL  REGION 
BEFORE  AND  AFTER  THE  1995  HYOGO-KEN  NANBU  EARTH¬ 
QUAKE  (M=7.2) 

K.  Fujimori  (1),  T.  Yamamoto  (2),  S.  Otsuka  (3),  M.  Omura  (4),  Y. 
Tanaka  (1,*)  and  H.  Ishii  (5) 

(1)  Kyoto  Univ.,  (2)  MRI,  JMA,  (3)  Kobe  Gakuin  Univ.,  (4)  Kochi  Women 
Univ.,  (5)  Univ.  Tokyo,  Japan,  (*)  Retired, 
f uj imoriCkugi . kyoto-u . ac . jp 

Continuous  observations  of  crustal  strain,  tilt  and  underground  water  discharge 
have  been  carried  out  at  2  stations  in  Kobe,  Japan,  which  are  located  within  the 
focal  region  of  the  Hyogo-ken  Nanbu  earthquake.  At  the  Rokko-Tsurukabuto 
station,  large  strain  and  height  changes  caused  by  the  earthquake  were  ob¬ 
served.  Short-term  changes  particularly  before  the  earthquake  were  not  de¬ 
tected,  but  a  slow  decrease  of  strain  rates  and  a  relative  upheaval  continued 
for  a  long  time  prior  to  the  earthquake.  After  the  earthquake,  the  Otsuki  fault 
crossing  the  observation  tunnel  started  dislocations  of  a  rate  of  0.  l-0.2mm/year. 
At  the  Rokko-Takao  station,  large  strain  changes  and  increase  of  discharge  were 
observed  about  3  months  before  the  earthquake,.  At  the  time  of  the  earthquake, 
a  large  strain  step  occurred  and  discharge  increased  by  a  factor  of  about  6.  The 
strain  and  discharge  recovered  to  the  previous  levels  about  4  months  later. 
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STRAIN  AND  TILT  CHANGES  OBSERVED  IN  THE  800M 
BOREHOLE  NEAR  THE  NOJIMA  FAULT  IN  AWAJI  ISLAND, 
JAPAN 

K.  Fujimori  (1),  H.  Ishii  (2),  A.  Mukai  (3),  S.  Nakao  (2),  S.  Matsumoto  (2) 
and  Y.  Hirata  (2) 

(1)  Kyoto  Univ.,  (2)  Univ.  Tokyo,  (3)  Nara  Sangyo  Univ.,  Japan, 
luj imoriCkugi . kyoto-u .ac.jp 

After  the  1995  Hyogo-ken  Nanbu  earthquake  (M=7.2),  3  boreholes,  500,  800 
and  1800  m  deep  were  drilled  into  the  seismic  source  fault.  In  the  bottom  of  the 
800m  borehole,  a  new  multi-component  borehole  instrument  was  installed  on 
May,  1996.  We  observed  a  secular  strain  of  extension  in  the  NE-SW  direction 
and  a  secular  tilt  sinking  toward  the  SW  direction.  The  direction  of  these  strain 
and  tilt  is  the  same  as  the  fault  strike.  The  strain  change  also  showed  undula¬ 
tions  with  periods  of  2-3  months,  with  after-shocks  (Mi3)  tending  to  occur  in 
periods  of  extensional  strain.  In  an  experiment  of  high  pressure  water  injection 
into  a  fault  gauge  section  in  the  1800m  borehole,  we  observed  clear  changes  of 
strain  and  tilt  caused  by  the  water  injection.  The  strain  indicated  compression 
as  the  injection  commenced  and  recovered  when  the  injection  closed.  In  addi¬ 
tion  to  these  controlled  experiments,  strain  and  tilt  changes  also  recorded  daily 
variations  reflecting  pore  pressure  change. 


RTL  PROGNOSTIC  PARAMETTER:  APPLICATION  TO  THE  STUDY 
OF  SEISMICITY  OF  ITALY 

R.Di  Giovambattista  (I),  Yu.Tvunldn  (2) 

(1)  Istitulo  Nazionale  di  Geoflsica,  Italy  (2)  Geophysical  Center,  Russia 
tyupldn@wdcb.tssi.ru/fax  +095-930-55-09 

A  prognostic  parameter  of  strong  earthquakes  RTL  have  been  proposed 
some  times  ago  (G.Sobolev,  Yu.Tyupkin,  1996a)  The  Idea  of  the  proposed 
approach  is  bas^  on  the  supposition  that  two  stages  consecutively  follow 
one  another  in  the  focus  of  a  future  earthquake,  i.e.,  the  quiet  stage  and 
the  foreshock  activization  of  seismicity;  In  this  process,  fte  quiescence 
almost  always  occurs  during  the  stage  of  accumulation  of  seismic  energy 
in  the  course  of  earthquake  preparation.  The  methodical  indication  for 
realization  of  algorithm  of  calculation  of  parameter  RTL  was  the 
supposition  that  in  the  immediate  vicinity  of  the  epicenter  of  the  future 
earthquake  the  mentioned  effects  are  the  stronger  the  nearer  is  the 
moment  of  its  occurrence.  The  tentative  retrospective  calculations  of  this 
parameter  by  the  example  of  several  strong  earthquakes  (M>7)  on 
Kamchatka,  in  Caucasus,  in  Greece  produce  satisfactory  resutts.  In  the 
present  report  the  results  of  RTL  analysis  of  earthquakes  with  M>4.5 
occurred  In  the  Reggio  Emilia  area  (Northern  Italy)  and  disastrous 
earthquakes  occurred  in  the  Central  Italy  on  September  1997  are 
discussed. 


INVESTIGATION  OF  TENSELY-DEFORMED  STATE  IN  HIGH 
SEISMICITY  AREAS  USING  VIBROSEISMIC  SOURCES 

B.M.GIinsky 

Institute  of  Computational  Mathematics  and  Mathematical  Geophysics, 
Siberian  Branch  of  RAS,  Novosibirsk,  630090,  Russia. 
gbmCopg.sscc.ru/Fax:  [7]  3832  32  42  59 

The  paper  deals  with  the  results  of  the  Russian- Japanese  experiment  of  1995 
on  studying  the  structure  of  vibroseismic  fields  of  powerful  sources  and  a  con¬ 
nection  between  these  fields  and  the  tensely-deformed  state  of  the  geological 
medium.  Vibrational  seismograms  and  spectra  of  harmonic  signal  were  ob¬ 
tained  on  a  profile  up  to  a  distance  of  320  km.  They  contain  information  about 
the  Moho  boundary  and  the  crust  structure  in  the  region  of  the  experiment. 
The  experiment  has  shown  that  changes  in  the  stressed  state  of  the  medium  in 
seismic-prone  zones  can  be  studied  using  variations  of  the  dynamic  character¬ 
istics  of  seismic  waves,  which  pass  from  a  powerful  vibrational  source  through 
the  area  of  earthquake  preparation.  A  concept  of  the  active  vibroseismic  moni¬ 
toring  system  for  seismic-prone  zones  with  heavy  vibrators  and  distributed  field 
seismic  arrays  is  presented. 


THE  FORECASTING  FEATURE  PREDICTIBILlTY  COEFFICIENT 
CONSTRUCTION. 

JGorodiskv 

Carpathian  Branch  of  Subbolin  Institute  of  Geophysics  NASU,  3b,  Naukova  Str., 
290601,  Lviv,  Ukraine,  E-mail:  va@carp.lviv.ua 
It  is  evident  that  the  relation  between  the  seismical  events  (s.e.)  and  any  of  its 
forecasting  feature  (f.f.)  of  anyone  geophysical  field  can  not  be  simple  because  of 
very  complicated  processes  of  s.e.  evolution  and  the  influence  of  many 
nonseismical  factors  on  the  considered  geophysical  field  as  well.  So  the  time  gap 
between  the  f.f.  manifesting  and  the  s.e.  is  of  rather  wide  range,  as  well  as  there 
are  part  of  s.e.  without  f.f.  and  part  of  manifested  f  f  without  the  following  s.e. 

The  author  propose  to  evaluate  the  prospectivity  of  f.f.  by  the  help  of  so  called 
forecasting  feature  predictibility  coefficient  kp.  For  the  sake  of  time  of  s.e. 
prediction  the  proposed  coefficient  has  the  next  construction 

(1) 

>1  / 

where  N  -  the  complete  number  of  manifested  f.f.  and  s.e.; 
Ri=[o2(5Tj/T)-k(T/l)  +  l]  [L-k(T)  (5T./T)];  Rj=0ifRj<0;  Rj=Rj(8Tj=0); 
oz(5T/T)=0.or.l  if  5Tj/T>lor  elsewhere,  corresponding.  In  abovewritten 
expressions  STj  -  the  time  error  gap  between  f.f.  manifestation  and  s.e.  T  -  the 
scale  factor,  1  -  scale  factor  corrector;  L  -  level,  depending  of  the  type  of  prediction 
(long-,  middle-term  and  so  on).  k(T),  k(T/l)  have  to  be  determined  according  to 
maximizine  condition  in  flV 


ANALYZING  THE  GEOCHEMICAL  INFORMATION  FOR  EARTH¬ 
QUAKE  PREDICTION 

Gulakyan  S.Z. ,  Seismogeochemical  and  analytical  Center  of  National 
Survey  for  Seismic  Protection,  Republic  of  Armenia.,  ngoc@moon.yerphi.am 

This  paper  discusses  the  geochemical  information  for  Earthquake  prediction.  We 
have  a  large  database  of  geochemical  information.  It  includes  many  geochemical 
elements  from  many  stations  during  many  years.  The  first  is  analyzed  the 
homogeneous  dates  (very  important  part  is  that  they  should  had  adequate 
equipments  and  methods  in  time).  The  second  part  is  restoration  of  missing  dates. 
We  use  new  methodology  for  restoration  missing  dates.  For  analyzing  the 
precursors  behavior  we  divided  dates  three  parts  in  time  :  before  Earthquake, 
Earthquake  and  Foreshok,  and  after  Earthquake.  By  correlation  analysis  were 
finded  interesting  results  for  Earthquake  prediction. 


SEISMIC-QtnESCENCB  PRECURSOR  OF  EARTHQUAKE  ACTIVITIES 
IN  ASWAN  AND  OULF  OF  AQABA  REGIONS  AS  ESTIMATED  BY  THE 
SEISMOLAP  METHOD 

Awad  HauoupdX  Jochen  Zschau(2)  and  Wolfgang  Welte(2) 

(1)  National  Reiearch  Institute  of  i^tronomy  and  Geophysics,  Helwan,  Cairo,  Egypt 

(2)  GeoForschungsZentnjm  Potsdam,  Germany, 


On  the  basis  of  the  seismolap  method,  which  U  recently  introduced  by  Prof.  J. 
Zschau  from  the  GeoForschungsZentnim  Potsdam,  Germany,  the  earthquake 
activities  along  the  Kalabsha  fault  in  Atwan  and  the  Gulf  of  Aqaba  regions,  in 
Egypt  are  investigated  in  the  present  study,  Aswan  earthquake  data  were  recorded 
and  located  by  the  Aswan  telemetered  seismograph  network,  which  is  operated  by 
the  National  Research  Institute  of  Astronomy  and  Geophysics.  Earthquakes  of  this 
sequence  of  M  (  L5,  which  occurred  during  the  period  from  December  1981  to  the 
end  of  199S,  are  clarified  into  shallow-  (depth  •  10  km)  and  deep-  (10  (  depth  (  30 
km)  earthquakes  in  order  to  carry  out  the  present  application  of  the  seismolap 
method  on  three  data  sets  (le,  all-,  shallow-  and  deep-seismic  sets).  The  Gulf  of 
Aqaba  earthquake  catalogue  during  the  period  from  1981  to  1993  is  obtained  from 
the  Geophysical  Institute  of  Israel  The  applied  method  quantifies  the  seismic 
quiescence  using  the  space-time  variations  of  microsetsmicily.  Results  of  the 
present  experiment  demonstrate  that  the  Kalabsha  fault  zone  shows  seismic 
quiescence  for  M  (  3.4  earthquakes.  The  pronounced  anomaly  of  Kalabsha  sequence 
extends  over  a  nearly  one  year  duration  and  is  existed  in  all  the  three  data  sets.  It  is 
also  characterized  by  a  smooth  and  sharp  amplitude  with  the  deep  earthquake 
sequence  in  contrast  to,  its  amplitude  is  of  gradually-fluctuated  pattern  with  the 
shallow  earthquake  sequence.  The  most  interested  feature  of  Kalabsha  seismicity  is 
that  a  group  of  significant  earthquakes  not  only  a  single  significant  event  tends  to 
succeed  each  quiescence  anomaly.  In  contrast,  the  present  application  on  (he  Gulf 
of  Aqaba  sequence  shows  a  single  quiescence  anomaly  of  ateut  one  and  half  year 
duration  of  the  seismolap  value  (S3)  before  the  occurrence  of  August  3,  1993 
earthquake  (M  -  5.8).  It  is  characteriz«i  by  a  very  sharp  decreasing  amplitude  and 
demonstrates  a  good  example  for  the  seismic  quiescence  precursor.  The  above 
mentioned  anomalies  of  Aswan  and  Gulf  of  Aqaba  seismic  activities  are  obtained 
by  using  values  of  the  method(s  free  parameten  as  730  and  800  days,  30  and  100 
km  of  (he  (ime  and  space  window,  respecrively.  A  threshold  earthquake  magnitude 
of  2  is  determined  with  the  both  sequencei 

Key  words:  Earthquake  catalogue,  seismic-quiescence  and  seismolap  method. 
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A  MODEL  OF  EARTHQUAKE  SEEN  BY  ELECTROMAGNETIC 
OBSERVATION— GASEOUS  EMISSION  FROM  THE  EARTH  AS 
MAIN  SOURCE  OF  PRE-SEISMIC  ELECTROMAGNETIC  PRE¬ 
CURSOR  AND  TRIGGER  OF  FOLLOWED  EARTHQUAKE 

M.  Hata,  I.  Takumi  and  S.  Yabashi 

Nagoya  Institute  of  Technology,  Showa-ku,  Nagoya,  466-8555  Japan. 

Through  observation  of  anomaly  in  environmental  electromagnetic-wave  (EM) 
radiation  at  ELF  band  of  223Hz,  we  have  learned  that  the  precursor  of  vol¬ 
canic  activity  and  earthquake  might  be  owed  to  degassing  from  the  earth  crust. 
(1)  Intermittent  sharp  radiation  of  vertical  magnetic  flux  is  estimated  degassing 
process  that  uplifts  pore  to  pore  from  shelf  to  reservoir  rock.  (2)  Burst-like  hor¬ 
izontal  flux  radiation  owes  to  gaseous  leakage  from  the  surface  and  often  ended 
to  volcanic  swarm  at  Cape  Shiofuki,Itoh-city,Central  Japan.  (3)  Slow  creeping 
variation  of  vertical  magnetic  flux  was  estirnated  gaseous  intrusion  between 
sedimentary  rock  and  shelf,  and  followed  by  small  and  shallow  earthquakes  of 
M2.7-3.7  within  one  week  at  Usami,  Itoh-city.  (4)  Dynamical  movement  of  the 
radiation  area  along  Sagami  trough  valley  of  the  recent  Odawata  earthquake 
was  caught  by  direction  finding  of  received  anomalous  signal.  (5)  Sub-second 
change  in  intermittent  radiation,  quick  area  transferability  and  radiation  from 
sea  surface  indicate  gas-phase.  (6)  At  the  instance  touch  to  the  air  the  reduc¬ 
ing  gas  is  quickly  oxidized  and  produces  neutralized  current  for  radiation.  (7) 
Pressure  exerted  by  gaseous  movement  produces  conductivity  variation  and 
resulting  earth  current  change!  (8)  The  degassing  makes  rock  fracture  widen, 
weaken  and  covered  with  clay  and  might  end  to  trigger  fault  slipping. 


THE  GEOCHEMICAL  VARIATIONS  CONNECTED  WITH  THE  SPITAK 
EARTHQUAKE,  ARMENIA 

V.  Igoumnov  and  Z.  Stepanian 

National  Survey  for  Seismic  Protection,  Yerevan,  Republic  of  Armenia 

The  following  geochemical  variations  in  mineral  waters  of  Armenia  were 
revealed  before  and  after  the  Spitak  earthquake. 

1 .  The  annual  cycles  of  dissolved  helium  with  a  maximum  value  in  summer  and  a 
minimum  value  in  winter  had  disappeared  two  years  before  the  earthquake. 

2.  Approximately  two  years  before  the  earthquake  the  geochemical  precursor,  that 
we  called  as  "geochemical  quiescence"  was  found.  To  the  moment  of  the  main 
shock  the  dispersion  of  macrocomponent  mean  contents  (HC03,  Cl,  S04,  Na,  Ca) 
and  pH  have  decreased,  while  the  monthly  mean  contents  remained  stable  up. 

3.  Approximately  forty  days  before  the  earthquake  in  gas  composition  the  helium 
precursor  variation,  that  we  called  as  "phase  transformation"  was  settled.  Several 
periods  of  the  spontaneous  helium  increase  together  with  the  decrease  of  dissolved 
one  and  vice  versa  with  the  average  content  of  helium  remaining  almost  unchanged 
were  stated. 

4.  Two  days  before  the  main  shock  the  helium  daily  variations  had  disappeared. 

5.  Immediately  after  the  main  shock  mean  contents  of  a  majority  of  macrocompo¬ 
nents  and  helium  had  decreased,  while  the  dispersion  became  greater. 


Anomalous  Preseismic  Strain  and  Tilt  preceding  Earthquake  Swarm  off  Izu 
Peninsuia  in  Japan. —  Result  observed  by  Muiti-component  Borehole  Instruments 


Hiroshi  ISHU  E.R.I.the  University  of  Tokyo,  Earthquake  Research  Institute.the 
University  of  Tokyo,  ishii@eri.u-tokyo.ac.jp 

Earthquake  swarm  happened  off  Izu  peninsuia  about  60  km  southwest  of  Tokyo  in 
Japan  from  March  3rd  i997.  The  totai  number  of  earthquakes  reached  to  more  than 
10,000.  The  maximum  earthquake  was  magnitude  5.7  and  the  activities  continued 
about  two  weeks.  Our  Izu  borehole  observation  station  is  located  almost  above  the 
earthquake  swarm  source  region  and  have  a  muti-component  borehole  instrument  that 
can  record  3  components  of  strain,  two  components  of  tilt,  3  components  of 
acceleration,  temperature  eqipping  with  gyro  installed  in  150m  depth  borehole.  The 
instrument  recorded  anomalous  variations  of  both  strain  and  tilt  prior  to  the  begining 
of  the  earthquake  swarm  and  an  earthquake  with  magnitude  5.0.  The  precursory  tilt 
started  half  a  day  before  the  begining  of  the  swarm  activity.  The  variation  is  related  to 
tectonic  stress  of  northeast  to  southwest  tension  applied  to  this  region.  The  coseismic 
variation  reached  to  5xl0**-5  for  both  strain  and  tilt  ,and  the  data  indicated  strain 
extension  and  tilt  down.  The  detailed  analysis  will  be  reported  in  comparison  with 
other  observation.  We  will  also  demonstrate  a  comparison  with  other  seismic  swarms 
occuring  in  this  area  in  different  period. 


SEISMOGRAVITATIONAL  PULSATIONS  AS  POSSIBLE  PRE¬ 
CURSORY  PHENOMENON 
V.  V.  Karpinsky,  L.  N.  Petrova  and  Ye.  G.  Orlov 

Institute  of  Physics  of  the  St.Petersburg  University,  Ul’anovskaya  str.,  1, 
Petrodvoretz,  St.Petersburg,  198904,  Russia. 
karpOsnoopy.phys.spbu.ru/Fax;  [-i-7]  812  4287240 

Phenomenon  of  the  sharp  increasing  of  the  amplitude  of  the  Earth’s  seismo- 
gravitational  oscillations  (period  range  0.5-5  hours)  with  duration  of  5-20  hours 
was  called  the  Seismogravitational  Pulsations  (SGP).  These  phenomena  is  ob¬ 
served  several  days  before  strong  earthquakes  (magnitude  >  6.5).  The  rela¬ 
tionship  between  the  SGP  and  earthquake  center  process  have  been  revealed. 
Generally  SGP,  observed  in  St.Petersburg  (Russia),  preceded  the  earthquakes 
around  Eurasian  mainland.  The  SGP  preceded  the  very  destroying  earthquake 
near  Sakhalin  Island  (May,  27,  1995).  The  azimuth  of  the  SGP  full  horizon¬ 
tal  vector  and  direction  from  observation  point  towards  the  epicenter  of  the 
earthquake  are  the  same. 

The  research  was  supported  by  the  Russian  Foundation  of  Fundamental  Re¬ 
search,  project  97-05-64185. 


THE  SURVEY  OF  ANTROPOGENIC  AND  GEOPHYSICAL 
ELECTROMAGNETIC  PERTURBATION  BY  USE  THE  MICRO 
SATELLITE  INTEGRATED  IN  THE  ISS  INFRASTRUCTURE. 
S.Klimov  (1),  O.Grygorian  (2),  J.Juchniewicz  (3),  V.Korepanov  (4), 
Yu.Lissakov  (1),  M.Parrot  (5),  O.Pokhotelov  (6),  V.Rodin  (1)  and 
A.Chernjavski  (7) 

(1)  Space  Research  Institute,  117810,  Ptofsojusnaia  st.,  84/32,  Moscow,  Russia, 

(2)  Moscow  University,  2-INP,  Moscow,  Russia,  (3)  SRC/PAS,Warsaw,Poland, 
(4)  LC  ISR,  Lviv,  Ulaaine,  (5)  CESR/CNRS,  Toulouse,  FVance,  (6)  lUPE, 
Moscow,  Russia,  (7)  RKK  ENERGIJA,Korolev,Russia. 

The  main  goal  of  the  scientific  experiment  onboard  the  electromagnetic  clean 
micro-satellite  (EMCS)  and  ISS  station  is  to  study  the  electromagnetic  dis¬ 
turbances  in  the  ionosphere  due  to  anthropogenic  activities  and  natural  geo¬ 
physical  phenomena,  particualy  earthquakes  and  volcanic  eruptions.  Most  of 
previous  experiments  have  been  performed  at  heights  above  800  km.  The  EMCS 
satellite  provides  the  unique  oppotunity  to  carry  out  regular  observations  at 
much  lower  heights,  about  400  km,  in  the  F-layer.  In  order  to  reduce  influences 
of  the  EMCS  on  the  ambient  environment  its  power  consumption  is  limited 
to  25-30  W  and  the  onboard  systems  of  the  ISS  are  partly  used  for  the  data 
acquisition  and  transmission. 


COMPARATIVE  ANALYSIS  OF  TECHNIQUES  USED  FOR 
EARTHQUAKE  ELECTROMAGNETIC  PRECURSORS  STUDY 

V.  Korenanov.  F.  Doudkin 

Lviv  Centre  of  Institute  of  Space  Research,  Ukraine 

vakor@isr.lviv.ua 

The  existence  of  electromagnetic  (EM)  precursors  of  geological  hazards  is  widely 
accepted  now.  Obviously,  there  are  many  problems  connected  both  with  the 
diversity  of  such  precursors  in  dependence  on  the  local  geological  structure  and 
their  low  level  in  comparison  with  the  surrounding  EM  noises  and  interference.  All 
these  factors  make  the  reliable  extraction  of  corresponding  precursors  rather 
difficult.  Up  to  now  if  do  not  consider  some  controversial  communications  these 
precursors  are  observed  mainly  after  the  event,  processing  the  observation  data.  The 
aim  of  present  study  is  the  comparison  of  different  methodologies  of  ground  based 
EM  measurements  and  data  processing  for  the  extraction  of  earthquake  precursors. 
Many  works  are  known  devoted  to  different  types  of  electromagnetic  precursors 
study  and  because  their  relationship  to  the  seismic  activity  is  highly  dependent  on 
local  crust  structure  it  is  difficult  to  propose  the  reliability  criterion  from  all  these 
methods.  That  is  why  for  the  moment  only  following  methods  are  analyzed; 
tectonomagnetic  survey,  EM  emission  study  and  extremely  low  frequency  (ELF) 
active  sounding.  The  expected  signal  -  to  -  noise  ratios  and  convenience  of 
experimental  realization  are  the  comparison  base.  It  is  shown  the  advantages  of  the 
last  method  -  ELF  active  sounding  -  from  every  point  of  view  and  corresponding 
calculations  are  presented. 
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SIGNALS  OF  SYNCHRONIZATION  AS  PROBABLE  PRECURSORS  OF 
STRONG  EARTHQUAKES. 

Alexey  A.  Lvubushin 

Joint  Institute  of  the  Physics  of  the  Earth,  Moscow,  Russia. 

E-mail:  lyubush@chronos.uipe.rssi.ru,  also:  Iubushin@sirius.nutp.rssi.Tu 

It  is  widely  known  that  increasing  of  collective  behavior  of  constitutive  parts  of 
some  system  and  enlarging  of  spatial  radius  of  fluctuations  of  its  parameters  could 
be  regarded  as  an  important  precursor  of  oncoming  catastrophe,  abrupt  change  of 
system's  parameters  values.  From  that  point  of  view  detection  of  sigmd  of 
synchronization  of  various  geophysical  parameters,  measured  in  points  of  some 
network,  covering  a  rather  big  area  of  Earth  crust,  is  of  considerable  interest  for 
searching  new  precursors  of  geocatastrophes,  including  strong  earthquakes. 

A  methodics  for  detection  of  a  signal  of  synchronization  in  multidimensional 
time  series  data  flow  is  presenting.  It  is  based  on  estimating  of  response  functions, 
eigenvalues  of  spectral  matrices  and  canonical  coherences  in  moving  time 
windows  and  extracting  aggregated  signals  (such  scalar  signal,  which  accumulates 
in  its  own  variations  only  those  spectral  components,  which  are  presented 
simultaneously  in  each  scalar  time  series). 

Examples  of  using  this  technique  to  processing  of  real  geophysical  time  series 
are  presented. 


Structure  functions  in  geophysical  flows 

0.  Ben  Mahjoub  and  J.M.  Redondo 

Dept.  Fisica  Aplicada,  Univ.  Politecnica  de  Catalunya, 

Campus  Nord  B5,  Barcelona  08034,  Spain 

Extended  self-similarity  (ESS)  (Benzi  et  al.  1995)  is  used  to  analyse  lab¬ 
oratory  and  field  data  of  grid  generated  turbulence  and  surface  wave  gener¬ 
ated  turbulence.  The  experiments  use  velocity  point  measurements  obteined 
from  sonic  velocimeter  SONTEK3-D,  Hot-Film  or  2D-electromagnetic  cur¬ 
rent  meters  measured  in  the  surf  zone. 

We  obtain  good  scaling  at  moderate  Reynolds  numbers  using  the  relative 
scaling  exponents  Cp  =  ^  up  to  6th  order,  some  experiments  show  that  the 
exponents  are  the  same  and  they  do  not  depend  on  the  Reynolsd  numbers 
Re,  they  are  also  different  from  the  scaling  p/3  of  Kolmogorov’s  theory 
(K41). 

We  use  the  Babiano-Dubrulle-Frick  model  (1997)  for  nonhomogeneous 
and  nonstationary  turbulence,  using  ESS,  to  measure  the  relative  scaling 
exponents  even  in  nonhomogeneous  flow.  The  turbulence  is  not  uniformly 
distributed  in  the  flow,  there  are  regions  with  more  intense  turbulence,  more 
intermittent,  and  regions  with  less  intermittency,  these  may  be  identified  by 
the  values  of  ^ . 

A.  Babiano,  B.  Dubrulle.  and  P.  Frick,  1997.  Some  properties  of  two- 
dimensional  inverse  energy  cascade  dynamics.  Phys.  Rev.  E.  55(3):  2693- 
2706. 

R.  Benzi,  S.  Ciliberto,  C.  Baudet,  G.  R.  Chavarria,  1995.  On  the  scaling 
of  three-dimentional  homogeneous  and  isotropic  turbulence,  Physica  D.,  80: 
385-398. 


CRUSTAL  DEFORMATION  STUDY  OF  JAPAN  BY  UTILIZING 
GSrS  DENSE  GPS  ARRAY. 

Shin-ichi  Miyazaki  (1),  Hiroshi  Yarai  (1)  and  Manabu  Hashimoto  (2) 

(1)  Geographical  Survey  Institute,  Kitasato  1,  Tsukuba,  Ibaraki  305  JAPAN, 

(2)  Disaster  Prevention  Research  Institute,  Kyoto  University,  Gokasho,  Uji, 
Kyoto  611  JAPAN. 

miyazakiOgsi-mc.go.  jp/Fax:  [81]  298-64-6864 

Geographical  Survey  Institute  (GSI)  of  Japan  has  been  constructing  its  na¬ 
tionwide  permanent  GPS  array  since  1994.  Its  results  on  crustal  velocity  field 
shows  that  Japan  is  located  on  plate  boundary  region;  the  north-east  Japan 
belongs  to  the  Okhotsuk  plate,  and  the  south-west  Japan  does  to  the  Eurasian 
plate.  Moreover,  the  velocity  field  suggests  that  Japan  consists  of  several  tec¬ 
tonic  blocks.  Miyazaki  et  al.  (1996)  reported  an  inversion  study  for  a  kinematic 
block-fault  model  of  the  Japanese  Islands  based  on  a  velocity  field  obtained 
by  120  GPS  sites  of  the  Geographical  Survey  Institute.  After  their  study,  the 
number  of  the  GSI’s  GPS  stations  increased  to  610  from  April,  1996.  Yarai 
et  al.  (1997)  performed  the  same  inversion  study  but  modified  the  model  of 
Miyazaki  et  al.  (1996)  using  dense  GPS  data  from  April,  1996  to  March,  1997. 
In  this  study,  we  estimate  seismic  moment  and  occurence  periods  of  large  earth¬ 
quakes  by  assuming  that  magnitudes  of  future  earthquakes  will  be  the  average 
of  historical  earthquakes.  Our  results,  for  example,  suggest  that  the  occurence 
periods  on  Nankai  Trough  is  80  -  120  years,  and  that  in  the  eastern  margin  of 
the  Japan  Sea  is  about  200  -  400  years. 


CASCADE  EARTHQUAKES  IN  ALBANIA 
Abstract 

Betim  Mufo,  Seismological  Institute,  Tirana,  Albania 

A  complex  web  of  active  faults  is  distributed  throughout  all  the 
territory  of  Albania.  The  intersection  of  the  northwest-trending  Adriatic 
and  Ionian  longitudinal  fault  system  and  northeast-trending  shear  fault 
systems,  dominates  Albanian  tectonics  and  gives  rise  to  recent  seismic 
activity  backed  mostly  by  the  confrontation  between  Adria  microplate 
and  Albanian  orogen. 

Sometimes,  activation  of  some  active  fault  produces  the 
earthquake  activity  in  a  neighbour  one  and  this  process  could  continue 
as  a  cascade  through  other  faults.  This  may  cause  the  migration  of 
seismic  activity  from  one  system  of  faults  to  another  and  sometimes 
could  lead  to  wrong  deduction  about  the  proper  fault  responsible  for  an 
earthquake. 

Based  on  the  available  data  from  the  records  of  Albanian 
Seismological  Network,  since  1976,  some  cases  of  the  so-called  cascade 
earthquakes  for  Albania  are  evidenced  in  this  approach  trying  to  explain 
also  their  mechanism. 


PARAMETRIC  SEISMOGEOACOUSTIC  MONITORING  OF 
SEISMOTECTONIC  PROCESSES  AND  EARTHQUAKE 
PREDICTION  IN  THE  UKRAINIAN  TRANSCARPATHIANS. 
A.V.Nazarevych,  L.Ye.Nazarevych  (Carpathian  Branth  of  Subbotin 
Institute  of  geophysics  of  NASU,  Naukova  str.’  3-B,  290601,  LViv, 
UKRAINE). 

Spatial-temporal  monitoring  of  nonlinear-elastic  and  parametric 
tcnsoeffects  in  rocks  have  been  used  for  long  for  seismoprognostic 
investigations  in  the  Ukrainian  Transcarpathians;  it  is  an  efficient 
indicator  of  the  rock  stressed-strained  state  variations.  Combinations 
of  techniques  for  point  investigation  held  at  the  network  of  points 
and  vibrosoundings  makes  it  possible  to  detect  regions  of  stimulated 
seismotectonic  processes  and  registrate  direst  seismogeoacoustic 
precursors  of  local  earthquakes  (creep  movements,  tensovariational 
anomalies  and  "storms").  Complex  interpretation  of  the  data 
obtained,  as  well  as  the  data  based  on  other  geophysical  techniques 
provide  monitoring  of  earthquake  preparation,  determination  of  a 
scenario,  interpretation  of  mechanisms  and,  thus,  determination  of 
seismic  danger. 


Radon-exhalation  dynamics  for  predicting  tectonic  earthquakes 

V.  Outkin  (1),  A.  Yurkov  (1).  S.  Krivasheev  (2).  Chi-Yu  King  (3) 

(1)  Inst,  of  Geophysics  Ural's  Branch  RAS,  Jekaterinburg,  Russia,  e-mail: 
outkin@igeoph.mplik.ru/Fax:  007  3432  678872,  (2)  Moscow's  Eng.-Phys.Inst, 
Moscow,  Russia;  (3)  Univ.  of  Tokyo,  Tokyo,  Japan 

Radon  exhalation  in  deep  mines  has  previously  been  found  to  show  the  following 
zonal  distribution  before  mine  butts:  A  radon  decrease  by  factor  of  3  to  4  in  a  zone 
of  compression  in  the  vicinity  of  the  burst  and  a  radon  increase  by  a  factor  of  8  to 
10  in  zone  of  extention  at  larger  distances.  A  burst  event  usually  occur  shortly  after 
the  maximum  radon  change.  In  the  present  shrdy  we  have  checked  whether  a 
unique  set  of  soil-air  radon-concentration  data  recorded  on  San-Andreas  fault  in 
Caifomia  (Chi-Yu  King)  show  similar  patterns.  Our  result  shows  similar  zones  of 
compression  (radon  decrease),  extension  (radon  increase),  and  no  change  for  25 
tectonic  earthquakes  of  magnitude  4  and  5,  which  are  always  located  subsequently 
in  a  zone  compression.  The  zone  of  compression  has  a  dimension  of  about  25  km 
for  an  earthquake  of  magnitude  4,  and  50  km  for  magnitude  5.  The  zones  of 
e.xtention  usually  have  a  dimension  of  more  than  100  km.  The  radon  values  usually 
begin  to  show  significant  changes  less  then  3  to  4  months  before  the  corresponding 
seismic  events,  with  maximum  changes  occurring  about  1  to  2  weeks  before  the 
events.  However  such  a  pattern  may  be  disturbed  by  the  occurrence  of  forshockes, 
which  may  cause  additional  radon  changes.  The  dynamics  of  radon  exhalation,  if 
properly  monitored  and  analyzed,  may  be  useful  for  predicting  earthquakes. 
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A  TIME  CLUSTERING  OF  STRONG  EARTHQUAKES  IN  GREECE 
DURING  OCTOBER-NOVEMBER  1997 

fi.  Papadnpnulos  and  G.  Drakatos 

Institute  of  Geodynamics,  National  Observatory  of  Athens,  11810  Athens, 
Greece,  g.papad@egelados.gein.noa.gr 

During  October-November  1997  an  anomalously  high  seismicity  rate  was 
observed  in  Greece  and  adjacent  regions  with  seven  main  shocks  of  M, 
ranging  from  5.1  to  6.6.  By  adopting  the  random  distribution  we  prove  that 
the  high  seismicity  episode  cannot  be  attributed  to  the  chance.  The 
calculation  of  the  potential  stress-drop  stored  in  each  region  before  the 
respective  earthquake  occurrence  indicates  that  all  the  ruptured  regions 
were  prestrained  near  to  failure.  On  the  basis  of  these  results  we  assume 
that  a  geophysical  mechanism  of  triggering  earthquakes  by  earthquakes 
should  be  responsible  for  the  strong  time  clustering.  Transient  stress 
changes  caused  by  the  triggering  earthquakes  may  play  a  predominant  role 
in  the  initiation  of  the  triggered  earthquake  in  a  prestrained  near  to  failure 
region. 


SUCCESSFUL  PREDICTION  OF  THE  LARGE  18  NOVEMBER  1997 
IONIAN  SEA  EARTHQUAKE 

G.  A.  Papadopoulos 

Institute  of  Geodynamics,  National  Observatory  of  Athens,  11810  Athens, 
Greece,  g.papad@egelados.gein.noa.gr 

The  Ms=6.6  earthquake  of  18  November  1997  that  ruptured  the  Ionian  Sea 
to  the  south  of  Zakynthos  Island  concluded  the  strong  earthquake 
clustering  observed  in  Greece  during  October-November  1997.  A  successful 
prediction  was  issued  before  the  large  shock  on  the  basis  of  the  seismicity 
synchronization  between  the  Corinthos  Gulf  (CG)  and  Ionian  Sea  (IS) 
segments.  It  was  observed  that  during  the  instrumental  era  more  than  20 
shocks  of  M,^S.2  in  CG  were  systematically  followed  by  corresponding  IS 
shocks  of  M,=5.0-6.5  with  a  time  lag  up  to  three  months.  When  the  M,=5.4 
shock  of  5  November  1997  occurred  an  earthquake  prediction  statement 
was  issued  which  reads  as  follows;  "a  strong  earthquake  of  M,=S.8±0.7 
should  be  anticipated  in  the  Ionian  Isl.  within  the  next  three  months  from  5 
November  1997  with  a  probability  of  about  80%.  The  area  of  the  next 
earthquake  is  defined  as  37.2  ’ -38.8 '  N,  20.0' -21.7 ’E".  A  mechanism  of 
earthquake  triggering  is  discussed  in  terms  of  transient  strain  changes 
propagating  from  the  area  of  the  triggering  earthquake  to  the  area  of  the 
triggered  one. 


SEISMIC  HAZARD  MONITORING  WITH  CRETE:  CRETE 
regional  Tectonic  Experiment. 

Fjricos  C  Pavlis*.  Stelios  Mertikas^  A  ICa^aliotis^  X  Frantzis’  and  E  Mbartzos^ 

(1)  Joint  Center  for  Earth  System  Techn.  (JCET),  Univ.  of  Maryland  BC  and  NASA 
Goddard  SFC,  Greenbelt,  MD,  USA;  epavlis@Helmert.gsfc.nasa.gov/Fax:+l-30t- 
286-1760  (2)  Tech.  Univ.  of  Crete,  Chania,  Greece 

Intense  seismicity  in  this  area  and  complex  geodynamic  motions  with  high  rates  of 
deformation  make  Crete  -located  in  the  foiearc  of  the  Hellenic  subduction  zone-  a 
suitable  physical  laboratory  for  seismic  risk  evaluation.  A  base  station  for  the 
CRETE  array  has  been  in  operation  for  several  montbs  now  and  relative  positions  of 
sites  from  previous  GPS  campaigns  have  been  determined  relative  to  it.  A  second 
permanent  site  is  collocated  with  the  tide-gauge  at  the  Naval  Base  of  Souda,  near 
Chania,  monitoring  local  vertical  motions  and  sea-level  variations  to  verify  the  uplift 
rates  inferred  and  reported  by  Lambeck.  There  is  a  plethora  of  competing  undedying 
lithosphere  and  driving  mechanism  models  to  be  validated  thrdugh  observations. 
Inferences  from  the  analysis  of  earthquake  focal  mechanisms  and  assumed  ^xeathng 
vectors  at  mid-oceanic  ridges  suffer  from  the  unavddable  assumption  of  rigid  plate 
tectonics,  a  rarely  valid  assumption.  High  seismicity  areas  as  Crete,  exhibit  complex 
local  motions  beyond  the  dominant  thrusting  plate  rate.  Detailed  characterization  of 
such  complex  ddormation  requires  a  dense  local  network:  either  a  permanent 
continuously  operating  one,  or  one  re-occupied  at  regular  intervals.  Continuity 
improves  reliability  and  allows  monitoring  of  the  motion  without  any  assumption 
abwt  its  nature.  3-D  deformation  monitoring  has  also  gained  importance  since  uplift 
contaminates  tide-gauge-determined  sea-level  variation  signals  ~  of  great  interest  in 
studying  the  sea-level  change  record  for  eastern  Mediterranean. 


PHENOMENA  OF  LEAP-TYPE  ALTERATIONS  REVEALED  BY  SLOPE 
SOUNDING  OF  lONOSPHER 

APogossian,  Department  of  GeophysicsJISSPArnienia,Yerevan 
arthur@nssp.yerphi.am 

Long  term  investigations  of  ionosphere  by  slope  sounding  revealed  the 
regularities  of  alteration  of  the  ionosphere  condition  in  seismogenious  zones. 
Since  1992,  in  NSSP  observations  are  conducting  by  radio  routes  Norway  - 
Yerevan,  Liberia  -  Yerevan,  Reunion  -  Yerevan  and  Japan  -  Yerevan  of  the 
phase  radio  navigation  system  "Omega".  Phenomena  of  appearance  of  discrete 
power  levels  in  system  Earth  -  ionosphere  in  the  process  of  earthquakes 
preparation  has  been  discovered  and  is  under  investigation  now.  Phenomena 
displays  as  leaps  of  a  delay  function  of  radiowaves  transmitted  from  great 
distance.  Such  behavior  of  the  delay  function  can  be  explained  by  discrete  power 
levels  of  energy  eradiating  by  Earth  crust  in  the  seismogenious  zones. 


THE  NEW  CONCEPTION  OF  EARTHQUAKES  PREDICTION 

S.  A.  Pulinets  (1),  V.  V.  Hegai(l),  K.  A.  Boyarchuk  (2)  and  V.  A.  Alekseev  (3) 

(1)  IZMIRAN,  Troitsk,  (2)  General  Physics  Institute,  Moscow,  (3)  TRINITI,  Troitsk, 
pulse@helios.izmiran.troitsk.ni/Fax:  +7-095-3340124 

The  last  strong  unpredicted  earthquakes  at  US,  Japan  and  Italy,  in  most  advanced 
technologically  and  equipped  countries,  have  shown  that  traditional  methods  of 
seismic  prediction  sometimes  fail.  During  the  last  decade  a  lot  of  papers  concerning 
the  electromagnetic  and  plasma  precursors  registered  at  the  ground  level  and  onboard 
the  artificial  satellites  were  reported  but  they  were  not  supported  by  physical 
explanation,  and  therefore,  were  encountered  with  great  skepticism  and  opposition, 
especially  from  the  side  of  traditional  seismologists.  In  the  present  paper  the  concise 
approach  is  presented,  based  on  physical  foundation,  supported  by  experimental 
results  and  coiresponding  estimations,  which,  it  seems,  could  be  followed  by  success 
in  prediction  of  earthquakes  in  the  case  of  its  implementation.  The  proposed 
mechanism  includes:  radon  and  aerosols  emanation  from  the  crust,  ionization  of  gases 
and  aerosols  by  radon,  space  charge  formation  and  generation  of  strong  electric  field 
(“  1000  V/m)  over  the  anticipated  earthquake  area,  mapping  of  the  near  ground  vertical 
electric  field  into  horizontal  electric  field  in  the  ionosphere,  Joule  heating,  acoustic 
gravity  waves  generation,  plasma  irregularities  fonnation.  Every  step  of  proposed 
chain  of  physical  processes  is  supported  by  theoretical  estimations  and  they  are 
consistent  with  existing  experimental  results.  It  is  proposed  construction  of  the  new 
global  system  of  seismic  warning,  including  as  ground  based,  so  satellite 
measurements.  It  could  be  easily  implemented  into  existing  seismic  monitoring 
network,  but  its  main  advantage  in  comparison  with  traditional  methods,  that  it  is  able 
to  answer  on  question  "when?",  what  is  inaccessible  in  present. 


LOCAL  SIGNS  OF  EARTHQUAKE  PREPARING  AND  ITS 
AVAILABILITIES. 

E.V.  Sasorova  (  State  Oceanographic  Institute,  6  Kropotkinsky  per., 
Moscow,  1 19838  Russia;  e-mail:  sasor@geoph.ioras.msk.ru) 

B.W.  Levin  (Geoscience  Department,  Russian  Foundation  for  Basic 
Research,  32a  Leninsky  prosp.,  Moscow,  1 17334  Russia;  e-mail: 
levin@rfbr.ru); 

It  is  discussed  some  valid  signs  of  the  earthquake  preparing  for  seis- 
moactive  region.  These  signs  are  connected  with  the  critical  stress  state 
of  the  earth  crust  just  before  the  earthquakes.  They  constitute  the  subset 
of  observed  parameters  and  they  may  be  considered  as  short-term  earth¬ 
quake  precurcors.  It  is  proposed  to  use  as  such  parameters:  the  faint  mo¬ 
difications  of  the  seismic  signal  before  earthquakes;  variations  of  the 
infrared  radiation  of  the  rock  massif,  the  variations  of  electromagnetic 
fields,  etc.  The  variability  of  these  parameter  are  depended  on  die 
regional  characteristics  (features  of  Ae  environment,  structure  of  Ae 
earA  crust.  Ae  oscillator  size).  Thus  this  subset  may  be  unique  for  each 
region.  The  second  sub^  consists  of  parameters  which  have  to  be 
calculated  at  eveiy  pomt  m  time  (astrometric  data,  Ae  EarA-Moon 
system  state,  etc).  They  may  mcrease  an  earAquake  possibility. 
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THE  SOFTWARE  SYSTEM  FOR  THE  EARTHQUAKE 
PRECURCOR  DETECTION  BASED  ON  THE  REGIONAL 
MONITORING. 

E.  V.  Sasorova  ( State  Oceanographic  Institute,  6  Kropotkinsky  per., 
Moscow,  119838  Russia;  e>mail:  sasor@geoph.ioras.msk.ru) 

It  is  discussed  the  structure  of  the  real-time  software  system  for  mo¬ 
nitoring,  processing  and  analysis  data  for  the  detection  short-term  earth¬ 
quake  precurcors.  The  system  have  to  include  the  data  bases  with  regional 
data,  set  of  the  real  time  data  processing  methods  for  each  parameter,  the 
weight  estimation  algorithms  for  the  parameters  of  the  given  region,  the 
algorithms  for  the  learning  and  the  making  decision  subsystems.  The 
parameters  are  divided  in  two  subsets.  The  first  one  is  the  parametr  set 
connected  with  the  earth  crust  critical  state  (the  seismic  signal,  the  inftared 
radiation  of  the  rock,  the  variations  of  electromagnetig  fields,  etc).  All 
parameters  are  treated  as  one  multi-dimentional  value  described  &e  earth 
crust  stress  state.  The  signal-noise  ratio  is  negligible  for  every  parameter. 
In  these  cases  more  efficient  may  be  using  the  artificial  intelligence 
methods  (the  pattern  recognition,  linguistic,  fuzzy  logic,  neuron  networks, 
etc).  The  second  subset  consists  of  parameters  (astrometric  data  ,etc) 
which  may  increase  an  earthquake  possibility  at  this  point  in  time. 


ANANLYSIS  OF  ICELANDIC  EARTHQUAKE  PRECURSORS  IN 
THE  PRENLAB  PROJECT 

Ragnar  Stefdnson 

Department  of  Geophysics,  Icelandic  Meteorological  Office,  150  Reykjavmk, 
Iceland. 

ragnarOvedur.is/Fax:  [+354]  5528121 

Premonitory  activity  before  earthquakes  has  frequently  been  observed  in  Ice¬ 
land,  both  instrumentally  and  historically.  Such  activity,  especially  seismic, 
can  be  devided  into  3  main  categories.  1)  Foreshocks,  i.e.  small  earthquakes 
observed  hours  or  days  before  a  larger  earthquake.  2)  Intense  sequence  of 
earthquakes,  lasting  for  days  or  weeks  preceding  a  larger  earthquake,  where 
the  preceding  sequence  has  a  moment  comparable  with  the  main  earthquake. 
3)  A  large  earthquake  of  magnitude  of  about  7  precedes  somewhat  smaller  but 
catastrophic  earthquakes  in  nearby  areas  within  weeks.  Besides  these  types 
of  premonitory  changes  it  has  frequently  been  observed  in  history  that  large 
events,  earthquakes  and  volcanic  eruptions,  coincide  in  time  over  areas  of  the 
order  of  several  hundred  kilometers.  This  has  been  called  strain  waves.  Besides 
the  seismic  premonitory  changes  comparable  observations  have  been  made  of 
radon,  volumetric  strain,  and  shear  wave  splitting  changes.  Tentative  models 
will  be  demonstrated  for  explaining  the  above  mentioned  observations. 


TEMPORAL  VARIATIONS  OF  THE  ATMOSPHERIC  ELECTRIC  FIELD 
AS  AN  EARTHQUAKE  PRECURSOR 

V.  Struminskv  n ) 

(I)  Novosibirsk  Slate  University 
strum.^phys.nsu.ru'Fa.x:  +7(383-2)'39-71-OI 

Many  investigators  of  the  atmospheric  electricity  observed  anomalies  in  the 
atmospheric  field  behaviour  before  and  during  some  strong  earthquakes.  The 
observation  results  were  contradictoiA  because  of  imperfect  and  variegated 
instruments.  Special  sensitive  equipment  was  developed  and  used  for  comparatively 
long  measurements  of  the  electric  field  srrengtii  of  tlie  atmosphere  in  selsmicall\- 
active  regions  of  the  Pamirs  and  Tien  Shan.  All  of  observations  were  conducted 
with  identical  electric  field  sensors.  The  anaKsis  of  the  results  of  measurements 
showed  that  the  quasi-static  electric  field  of  atmosphere,  as  a  rule,  experiences 
characteristic  variations  shortl\  before  eai’thquakes.  In  particular,  since  several 
(generally  5-7)  of  hours  before  an  earthquake  the  value  of  the  electric  field  strength 
begins  to  decrease,  then  the  field  strength  changes  its  direction  to  the  opposite.  The 
anomaly  lasts  from  20  minutes  to  4  hours,  the  most  likely  meanings  -  from  I  to  1.5 
hour.  Besides,  it  was  noted  that  since  several  days  before  an  earthquake  there  exist 
lime  intervals  with  comparatively  quick  variations  of  electric  field  with  period  in  the 
dozens  of  seconds.  The  amplitude  of  these  variations  and  the  duration  of  the 
intervals  of  lime  for  which  lhe\'  are  seen  grow  with  approach  to  the  earthquake  date. 
The  results  of  investigations  allow  to  consider  tlie  specific  temporal  variations  of  the 
atmospheric  electric  field  as  a  potential  earthquake  precursor. 


‘MOVING  CHARGED  DISLOCATION  MODELLING*  OF  ELECTRICAL 
EARTHQUAKE  PRECURSORS  :  A  PROMISING  APPROACH  ? 

A.Tzanis  (1)  and  F.  Vallianatos  (2) 

(1)  Department,  of  Geophysics  &  Geothermy,  Univ.  of  Athens,  Greece. 

(2)  Technological  Educational  Inst,  of  Crete,  Chania  Branch,  Crete,  Greece. 

We  present  and  discuss  a  model  of  EEP  generation  and  propagation  as  a 
function  of  the  medium  and  source-receiver  separation,  based  on  the  concept 
oi  Moving  Charged  Dislocations  (MCD).  Si^ials  generated  by  this  process 
are  modulated  by  a  source  time  function  featuring  a  comer  frequency  and  an 
inverse  power,  energy  distribution  law.  This  allows  the  generation  of  a  limited 
class  of  signals  with  characteristic  bay-like  shapes  and  duration  from  a  few 
tens  of  seconds  (close  ranges/resistive  media/fast  source  functions)  to  a  few 
hours.  We  apply  this  model  to  analyse  a  signal  which  was  associated  with  the 
18/1 1/92,  M5.9  Galaxidi  event  (Greece).  We  were  able  to  reproduce  the  ob¬ 
servation  in  shape,  using  generic  parameters  of  the  earthquake  source  and  the 
MCD  model;  reproduction  in  magnitude  is  possible,  but  only  under  untestable 
as  yet  considerations.  This  apparent  success  suggests  that  the  MCD  model 
may  be  promising  towards  establishing  a  working  theory  of  the  EEP  source. 
Moreover,  if  data  from  more  than  one  station  existed,  the  procedure  could  be 
invertible  to  source  parameters.  This  concept  is  discussed  in  the  context  of 
seismic  hazard  evaluation. 


SEISMIC  QUIESCENCE  IS  SIMILAR  TO  FORE-  AND  AFTERSHOCKS 
Max  Wvss*  and  Stefan  Wiemer^ 

'Ceophys.  Inst.,  Univ,  of  Alaska  Fairbanks,  AK,  USA.,  max(§*giseis.alaska.edu. 
^Seismology  &  Volcanology  Res.  Dept.,  Meteorol.  Res.  Inst.,  Naganune,  Tsukuba 
305,  Japan,  siefan(§>mri-jma.go.jp 

We  hypothesize  that  the  seismicity  rate  is  normally  constant.  Before  and  after  major 
earthquakes,  the  seismicity  rate  in  and  near  the  source  volume  is  often  disturbed: 
Fore-  and  aftershock  sequences  are  the  well  known  expressions  of  this,  but  precursory 
as  well  as  post-quiescences  exist.  For  the  post-main  shock  quiescence  the  redistribu¬ 
tion  of  stress  due  to  the  main  event  is  the  obvious  cause,  as  it  is  for  the  aftershocks. 
Although  precursory  quiescence  and  foreshocks  are  clearly  defined  in  many  cases, 
their  cause  is  not  obvious.  In  some  cases  they  may  be  explained  by  precursory  aseis- 
mic  creep.  Examples  of  constant  seismicity  rate  are  abundant  in  deep  seismic  zones. 
In  70  seismogenic  volumes  below  60  km  depth  of  500  earthquakes  each  in  periods  of 
8  to  30,  we  found  that  the  standard  deviation  was  close  to  that  expected  from  a  Pois¬ 
son  distribution.  Examples  of  post-quiescence  are  found  on  the  San  Andreas  Fault 
near  Parkfield  and  along  the  east  coast  of  Japan,  where  main  shocks  of  M4.7  and  M7.5 
were  followed  by  complete  absence  of  earthquakes  for  several  years  in  neighboring 
volumes  that  previously  produced  large  numbers  of  earthquakes.  In  the  same  tectonic 
provinces  precursory  seismic  quiescence  of  a  few  years  can  be  clearly  defined  for 
some  main  shocks,  the  M6  Coyote  Lake  and  Morgan  Hills  earthquakes  along  the  Ca¬ 
laveras  fault,  and  the  M7.1  off-Sanriku  earthquake,  Japan.  Like  foreshocks,  precursory 
seismic  quiescence  is  an  obvious  phenomenon  that  is  however  not  understood  yet. 
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SEISMIC  HAZARD  ESTIMATES  FROM  FELT  INTENSITIES  AT  THE  SITES 
SHAKEN  FROM  THE  1997  CENTRAL  ITALY  EARTHQAUKE 

Albarello  D.(*),  Mucciarelli  M.($),  D'Amico  V.(*) 

(*)  Dept,  of  Earth  Sciences,  University  of  Siena,  Italy. 
dario@ibogfs.df.umbo.it/  Fax:  +577-298297 
($)  ISMES-SpA,  Bergamo,  Italy 

In  order  to  fully  exploit  available  macroseismic  data  concerning  earthquakes  that  in 
last  centuries  shook  central  Italy,  seismic  hazard  analysis  has  been  carried  out  by 
using  non  standard  statistical  techniques.  In  particular,  methodologies  developed  for 
the  analysis  of  ill-defined  macroseismic  data  have  allowed  the  combined  use  of 
intensity  estimates  deduced  from  documentary  sources  or  computed  from  epicentral 
data  by  taking  into  account  the  different  level  of  data  reliability.  Furthermore,  the 
proposed  approach  also  allows  the  use  of  the  whole  seismic  history  by  also  taking  into 
account  the  time  varying  completeness  of  the  available  seismic  catalogue.  Since  the 
adopted  data  set  concerns  a  time  interval  spanning  from  1000  A.C.  up  to  1980,  the 
comparison  of  seismic  effects  observed  during  the  last  seismic  crisis  in  Central  Italy 
(september-october  1997)  with  the  ones  expected  on  the  basis  of  seismic  hazard 
estimates  supplied  by  standard  procedures  and  by  the  one  here  proposed,  could  allow 
a  check  of  the  relative  reliability. 


PROBLEMS  OF  INTENSITY  ASSESSMENT  AT  LOCALITIES  SHAKEN  BY 
DAMAGING  EARTHQUAKE  SEQUENCES 

P.  Albini  V.  CastelH  R.  Camassi  ***  and  M.  Shicchi  * 

*IRRS  CNR  MOano,  Italy,  **GNDT  at  OGSM  Macerata,  Italy,  ***GNDT  at 
DISTART  Bologna,  Italy 

The  problem  of  assessing  macroseismic  intensity  at  localities  atfected  by 
several  damaging  earthquakes  during  a  short  time  interval  is  well  known.  In 
such  cases,  usually,  after  the  first  strong  shaking  the  buildings  vulnerability  is 
lower  than  before,  though  it  is  not  easy  to  assess  "how  much  lower". 
Therefore,  to  assess  intensity  one  has  to  move  through  the  vulnerability 
table,  with  little  hints.  To  neglect  these  aspects  lead  in  the  past  to  unreliable 
intensity  estimates  and,  from  them;  to  unreliable  magnitudes  for  aftershocks. 
This  paper  analyses  some  cases,  with  special  reference  to  three  major 
earthquakes  (lo  =  IX,  IX  and  X  MCS)  which.  In  1741,  1747  and  1751 
occurred  in  a  comparatively  narrow  area  of  the  Apenninic  region,  then 
belonging  to  the  Papal  States,  where  also  the  1997  earthquake  took  place. 
They  set  in  motion  the  production  of  huge  amounts  of  official  documents 
(surveys,  reports  and  so  on)  that  give  detailed  descriptions  of  damage 
suffered  by  single  buildings  and/or  by  all  buildings  in  many  affected  localities. 
These  data  provide  a  "damage  record”  for  many  localities  of  different  status 
and  size,  from  provincial  towns  such  as  Fabriano,  Nocera  Umbra  and 
Gualdo  Tadino,  to  small  villages  such  as  Belvedere  or  Campodonico. 
Problems  of  intensity  assessement  from  that  record  are  compared  with 
similar  problems  encountered  when  assessing  intensity  for  the  recent  1997 
sequence. 


A  DISTRIBUTION-FREE  ANALYSIS  OF  THE  MAGNITUDE-INTENSITY 
RELATIONSHIPS:  AN  APPLICATION  TO  THE  MEDITERRANEAN 
REGION 

D'Amico  V.,  Albarello  D.,  Mantovani  E. 

Dept,  of  Earth  Sciences,  University  of  Siena,  Italy. 

Mantovani@unisi.it  /  Fax:  +577-298297 


A  procedure  for  the  statistical  analysis  of  the  relations  between  macroseismic  intensity 
and  magnitude  is  presented.  In  order  to  overcome  the  problem  due  to  the 
heterogeneous  nature  of  the  two  quantities  involved,  intensi^  and  magnitude, 
relationships  have  been  studied  by  means  of  a  distribution-free  statistical  approach. 
The  data-set  examined  is  constituted  by  earthquakes  of  epicentral  intensity  >=VI 
occurred  in  the  Mediterranean  region.  As  known,  magnitude-intensity  relations 
depend  on  a  number  of  local  features  (e.g.  average  hypocentral  depth,  etc.)  but,  owing 
to  the  nature  of  the  adopted  data-base  (resulting  from  the  integration  of  many  national 
and  regional  seismic  catalogues)  they  can  also  be  affected  by  the  use  of  different 
macroseismic  and  magnitude  scales.  The  role  of  every  variable  able  to  influence  the 
magnitude-intensity  relations  (i.e.  intensity  scale,  source  catalogue  and  earthquakes 
location)  has  been  evaluated  by  means  of  an  opportune  correlation  analysis  (e.g. 
Cramer  correlation  coefficient). 


A  New  Attenuation  Law  for  the  1755.01.11  Lisbon  Earthquake 

M.  A.  Baptista(l,2),  J.M.Miranda(2),  L.  Mendes  Victor(2) 

( 1 )  Institute  Superior  de  Engenharia  de  Lisboa 

(2) Centro  de  Geofisica  da  Universidade  de  Lisboa,  R.  da  Escola  Politl^cnica  58, 1250 
Lisboa  -  Portugal 

email:  mariaana(fc.ul.pt/fax  +  351  1  3953327 

The  1755. 1 1.01  Lisbon  earthquake  was  felt  strongly  on  Portugal,  Spain  ^d  Morocco, 
specially  along  the  Atlantic  coasts.  The  intensity  at  the  epicenter  is  estimated  in  XI 
(MSK)  and  its  magnitude,  inferred  from  macroseismic  data,  is  8.3/4  (Guttenberg  and 
Richter,  1949).  The  tsunami  magnitude,  Mt=Mw,  was  estimated  by  Abe  (1989)  based 
on  the  tsunami  mn  up  data  observed  along  the  Iberian  coast.  Macroseismic  Intensity 
maps  were  published  for  Portugal,  Spain  and  Morocco  separately  and  the 
corresponding  attenuation  laws  were  fitted.  Most  of  these  laws  are  based  on  the 
assumption  that  this  event  was  generated  in  the  same  oceanic  region  and  by  a  similar 
rupture  mechanism  that  the  recent  instrumental  event  that  occurred  on  19169.02.28. 
The  recent  hydrodynamic  simulations  on  the  1755.1 1.Ol  Lisbon  tsunami  showed  that 
the  location  of  the  source  area  and  the  rupture  mechanism  are  different  from  the 
1969.02.28  event  that  was  located  at  the  Horseshoe  Abyssal  Plain  (North  Atlantic), 
Baptista  et  al.,  1998).  In  view  of  these  results  a  new  compilation  of  macroseismic 
Intensity  data  was  made  with  data  from  Portugal,  Spain  and  Morocco  and  a  careful 
revision  of  the  existent  attenuation  laws  was  made.  The  new  attenuation  law  was  fitted 
using  820  data  points  and  Levenberg  Marquardt  algorithm. 


THE  USE  OF  THE  EMS-1992  SCALE  IN  THE  FIELD  WORK:  EXAMPLES 
FROM  THE  CENTRAL  ITALY,  SEPTEMBER  -  OCTOBER  1997 

Maria  Serafina  Barbano  (1)  and  Ina  Cecic  (2) 

(1)  Istituto  di  Geologia  e  Geofisica,  Universita,  Corso  Italia  55, 95129  Catania,  Italy, 
barbano@mbox.unict.it,  (2)  Geophysical  Survey  of  Slovenia,  Observatory,  Ljubljana, 
Slovenia,  ina.cecic@  uni-lj.si 

In  September  and  October  1997  the  regions  of  Umbria  and  Marche  in  Central  Italy 
were  hit  by  a  sequence  of  strong  and  damaging  earthquakes,  with  epicentres  in  the 
vicinity  of  towns  Nocera  Umbra,  Colflorito  and  Sellano.  Few  days  after  the  first 
earthquake  an  ad-hoc  expert  team  was  formed  of  the  seismologists,  geologists, 
historians,  architects  and  geographers  who  made  quick  survey  of  the  most  devastated 
area.  The  macroseismic  data  were  collected  in  a  great  extent,  in  order  to  be  able  to  use 
EMS  1992  sc^e  while  estimating  the  intensities.  A  preliminary  field  form  was 
constructed  and  used  as  a  common  base  for  the  collecting  of  data.  Several  problems 
were  met  during  the  field  work  and  intensity  estimation  process,  due  to  a  lack  of 
experience  with  EMS  on  the  one  side  and  the  huge  damaged  area  that  was  getting 
bigger  every  day  on  the  other.  Main  problems  were  how  to  establish  building  typology 
and  how  to  separate  damage  effects  of  different  shocks.  The  field  experience  led  us  to 
believe  that  some  improvement  in  the  scale  is  needed  in  order  to  give  more  indication 
about  building  classification  and  building  behavior  and  resistance  after  damage. 
During  the  field  work  we  discussed  a  possibility  of  "inserting"  a  degree  between  VI 
and  VII,  as  in  many  localities  the  observed  damage  was  more  than  VI  and  less  than 
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MACROSEISMIC  SURVEY  OF  THE  CENTRAL  APENNINES 
EARTHQUAKES  OF  SEPTEMBER-OCTOBER  1997 

R.  Camassi  *,  G.  Monachesi  **  and  D.  Molin  *** 

*  GNDT  at  DISTART  Bologna,  Italy,  •*  OGSM  Macerata,  Italy,  *"  SSN 
Roma,  Italy 

After  the  two  first  major  shocks  of  September  26,  1997,  in  the  Umbria- 
Marche  area,  the  National  Group  for  Defence  against  Earthquakes  of  Itaiy’s 
National  Council  of  Research  (GNDT/CNR),  the  National  Seismic  Survey 
(SSN)  and  the  National  Institute  of  Geophysics  (ING)  started  a  joint 
macroseismic  survey.  At  first,  a  preliminary  evaluation  of  the  maximum 
effects  and  a  rough  delimitation  of  the  damaged  area  were  effected  using 
data  gathered  by  field  investigation  and  also  -  due  to  the  extension  of  the 
damaged/felt  areas  -  through  press  and  technicians'  reports  and  telephone 
interviews.  From  October  3,  a  more  detailed  field  survey  started  in  the  most 
heavily  damaged  localities,  with  the  aims  of  discriminating  (whenever 
possible)  the  effects  produced  by  each  of  the  main  shocks,  to  test  the 
European  Macroseismic  Scale  EMS-92,  and  also  to  record  the  worsening  of 
damage  scenarios,  progressively  caused  by  the  strongest  aftershocks.  New 
stages  of  the  survey  were  carried  out  after  new  damaging  aftershocks,  on 
October  8  and  from  16  to  19  October,  particulariy  In  the  areas  of  Sellano, 
Preci,  Alla  Valnerina  and  Alto  Maceratese. 

This  paper  presents  the  Intensity  distribution  reconstructed  up  to  October  20, 
with  an  account  of  the  Interpretative  problems  encountered  in  the  process 
and  of  the  solutions  adopted  to  deal  with  them. 


THE  ZAGREB  1502  EARTHQUAKE  -  DOUBTFUL  OR  EVEN  FAKE? 

Ina  Cede  (1),  Ivica  Sovic  (2)  and  Mladen  Zivcic  (3) 

(1)  Geophysical  Survey,  Ljubljana,  Slovenia,  ina.cecic@uni-lj.si,  (2)  Croatian 
Seismological  Survey,  Zagreb,  Croatia,  sovic@tudjer.itb.hr,  (3)  Geophysical 
Survey,  Ljubljana,  Slovenia,  mladen.zivcic@uni-lj.si 

In  the  BEECD  working  file,  and  before  that  in  Balkan  catalogue,  the  earthquake  on 
26  March  1502  at  13  h  has  intensity  DC  MSK.  The  similar  entry  can  be  found  in  the 
Croatian  earthquake  catalogue.  Its  historical  part  reties  a  great  deal  on  Kispatic 
(1891).  The  oldest  source  given  by  Kispatic  for  this  earthquake  was  a  chronicle 
written  by  Joannis  foihasich  in  1561:  "Anno  Domini  152.  die  26  Mattii  hora  2  post 
meridiem",  and  the  tower  of  St.  Marcus  church  in  Zagreb  was  destroyed  to  the 
fundaments.  The  year  of  the  event  is  written  in  a  way  that  could  lead  to  different 
interpretations.  The  Valvasofs  famous  chronicle  also  quotes  Tomasich  as  a  source 
for  this  earthquake,  but  giving  the  date  6  March  1502.  The  damage  on  the  tower  is 
not  mentioned  in  the  books  of  the  St.  Marcus  church  (Kispatic,  1879).  Also,  the 
annual  overview  of  the  Bishop's  expenses  for  the  time  period  1501-1505  does  not 
show  any  increase  in  the  sum  for  the  regular  maintenance  of  Zagreb  chatedral, 
which  is  about  500  m  away  from  St.  Marcus.  Moreover,  king  Vladislav  II 
(Wladislaus)  allowed  the  city  of  Zagreb  to  use  taxes  to  repair  the  bad  condition  of 
the  houses  after  the  recent  earthquake;  the  document  was  dated  in  1511  (Tkalcic, 
1896).  Although  there  is  still  a  lot  of  work  for  the  historians  to  be  done  to  find  more 
proofs  of  our  hypothesis,  we  believe  that  the  described  effects  speak  about  the  event 
on  26  March  1511  at  14:30,  which  occured  in  border  region  between  Slovenia  and 
Italy. 


DISTRIBUTION  OF  EFFECTS  IN  THE  URBAN  AREA  OF 
ROME,  FOR  THE  OCTOBER  14, 1997  (CENTRAL  ITALY)  EVENT 

F.  Cifelli,  S.  Donati  and  F.  Funiciello 

University  of  Rome  3,  Dept.  Of  Geological  Sciences  Largo  S.  Leonardo 
Murialdo,  1  00146  Rome,  Italy.  SDonati@uniroma3.it/fax:  +39-6-54888201 

During  the  last  years  many  improvement  have  been  done  by  historical 
seismologists  outlining  more  and  more  the  response  to  the  seismic  shaking 
of  the  downtown  of  Rome,  at  the  occurrence  of  large  earthquakes.  Till  now, 
only  historical  data  evaluation  were  available  to  check  the  seismic 
vulnerability  of  Rome.  The  possibility  to  verify  our  knowledge  on  the  basis 
of  recent  earthquake  was  the  occurrence  of  the  October  14,  1997  event, 
located  in  the  Central  Apeimines  region  {Mw=5.7),  which  has  been  largely 
felt  in  the  city  of  Rome  (far  about  115  km).  A  prompt  macroseismic  survey 
in  the  Roman  urban  area  was  performed,  to  obtain  the  picture  of  shaking  in 
the  whole  city.  For  this  earthquake,  we  were  able  to  collect  macroseismic 
information  related  to  several  hundreds  topographic  points.  It  is  the  first 
time  that  such  a  large  amount  of  data  is  available  for  Rome.  The  analysis  of 
the  data  points  out  a  preferential  distribution  of  larger  effects  within 
Holocene  alluvial  sediments,  but  it  also  allows  us  to  individuate  some  areas 
where  local  amplification  phenomena  occurred.  Such  areas  are  characterised 
by  recent  terrain  hosting  more  levels  of  water-tables. 


MACROSEISMIC  INVESTIGATION  OF  SOME  PRE-  AND  INSTRU¬ 
MENTAL  PERIOD  EVENTS  FROM  THE  GULF  OF  CORINTH 

V.  Kouskouna  and  K.C.  Makropoulos 

Dept,  of  Geophysics  &  Geothermy,  Univ.  of  Athens,  157  84  Athens,  Greece 
vkouskou@atlas.uoa.gr 

Despite  the  existence  of  ample  macroseismic  intensity  data  from  pre- 
instmmental  earthquakes,  their  inherent  inconsistencies  prevail  from  using 
them  as  input  to  modem  seismic  hazard  techniques.  It  has  often  been 
stressed  in  the  last  decade  that  the  intensities  of  historical  earthquakes 
should  be  re-evaluated  using  the  available  primary  sources  and  according  to 
the  currently  used  intensity  scales.  This  is  also  the  case  for  events  of  the 
early  instramental  period,  where  the  use  of  different  intensity  scales  has 
produced  inhomogeneous  macroseismic  intensity  data  sets.  In  the  present 
study  the  intensities  of  historical,  as  well  as  early  instrumental  earthquakes 
from  the  area  of  the  gulf  of  Corinth,  Greece,  are  re-evaluated,  and  their 
distribution  is  derived.  These  distributions  are  calibrated  to  recent  events 
from  the  same  area,  in  an  attempt  for  a  better  evaluation  of  the  size  of  these 
events.  In  addition,  and  since  the  focal  mechanism  of  the  earthquake  is 
directly  related  to  the  observed  intensity  distribution,  the  possibility  of 
associating  the  pre-instramental  events  to  known  faults  with  known  focal 
mechanisms  of  recent  earthquakes  is  examined. 


VERIFICATION  OF  MACROSEISMIC  METHODS  ON  TWO 
M=5.2  INSTRUMENTAL  EARTHQUAKES  IN  FRANCE. 

A.  Levret  and  0.  Scotti 

Institut  de  Protection  et  de  Surete  Nucleaire  BP06-F. 92265  Fontenay-aux- 
Roses. 

Macroseismic  data  available  for  the  two  most  recent  M=5.2  earthquakes  that 
occured  in  the  Pyrenees  and  in  the  Alps,  were  analyzed  using  the  Sponheuer 
and  the  Levret  relationship  to  estimate  depth  and  magnitude  respectively.  The 
excellent  agreement  between  macroseismic  and  instrumental  estimates  shows 
that  macroseismic  data  of  historical  events  may  provide  the  means  to  lengthen 
the  instrumental  catalogue  and  better  constrain  the  recurrence  rates  of  these 
two  low  to  moderate  seismic  rate  regions.The  Epagny  earthquake  occured  on 
the  07/15/1996  along  the  Vuache  fault  in  the  French  Alps.  Instrumental  and 
macroseismic  depth  estimates  both  indicate  a  shallow  hypocenter  location  of 
around  3-4  km.  The  question  raised  by  this  event  is  whether  the  Vuache  fault, 
a  conspicous  N\V-SE  trending  left-lateral  strike-slip  fault,  is  a  superficial  or 
a  crustal  feature.  Analysis  of  macroseismic  data  available  for  earlier  events 
(1975,1936,1839)  indicates  a  rather  superficial  fault  generating  M=5  earth¬ 
quakes  that  originate  in  the  first  4-5  km  of  the  crust.  The  St  Paul  de  Fenouillet 
earthquake  occured  on  the  02/18/1996.  Its  depth  is  around  10  km,  presumably 
on  a  ramp  structure  of  the  North  Pyrenean  Frontal  Thrust.  Again,  reasonable 
agreement  between  instrumental  and  macroseismic  estimates  is  found  and  the 
study  of  historical  events  (1920,  1922)  provides  important  information  as  to 
the  behaviour  of  the  seismic  structures  in  this  part  of  the  eastern  Pyrenees, 


FROM  QUESTIONNAHIES  TO  INTENSITIES  -  ASSESSING  FREE¬ 
FORM  MACROSEISMIC  DATA  IN  THE  UK 

R.M.W.  Musson  and  P.H.O.  Henni 

British  Geological  Survey,  West  Mains  Road,  Edinburgh,  UK 
RMusson@bgs.ac.uk  /  Fax:  +44-131-667-1877 

Questioimaires  for  macroseismic  surveys  can  generally  be  categorised  into  two 
groups;  structured  questionnaires,  where  respondents  are  given  a  number  of  options 
and  have  to  tick  one,  and  free-form  questionnaires,  where  open-ended  questions  are 
answered  by  the  respondents  in  their  own  words.  Both  have  advantages  and 
disadvantages.  The  structured  approach  is  easier  for  the  seismologist  to  process  and 
is  more  focussed  on  the  answers  he  wants  to  receive.  The  free-form  approach  is 
better  at  preserving  nuances  and  qualifications  to  the  respondents'  answers  that 
might  otherwise  be  lost.  Free-foim  questionnaires  can  be  a  lot  shorter  than 
structured  ones,  and  it  is  partly  for  this  reason  that  practice  in  the  UK  since  1974 
has  been  to  employ  such  a  questionnaire  design;  short  questionnaires  can  be 
distributed  widely  by  being  printed  in  local  newspapers.  The  questionnaires 
received  are  then  sotted  by  place,  and  for  each  place  a  synopsis  sheet  is  prepared 
summarising  the  reported  effects.  Intensities  are  then  assigned  from  the  synopsis 
sheets,  with  reference  back  to  the  questionnaires  where  necessary.  Data  are  checked 
using  a  pseudo-GIS  program,  and  the  final  maps  are  prepared  with  the  GMT 
mapping  package. 


C136 


STRATEGIES  FOR  THE  USE  OF  MACROSEISMIC  INFORMATION  IN  THE 
STUDY  OF  GROUND  RESPONSE  TO  SEISMIC  EXCITATION 

Alexandra  Paula  (1ST)  and  Carlos  Sousa  Oliveira  (1ST) 

DECivil,  Institute  Superior  Tecnico,  Av.  Rovisco  Pais,  1096  Lisboa  Codex,  Portugal 
alexp(civil.ist.utl.pt  and  csoliv(civil.ist.utl.pt 

Given  a  magnitude  value  and  an  epicentre  location  what  is  the  intensity  to  be  expected 
at  any  selected  observation  site?  Regarding  this  topic,  macroseismic  information  from 
Continental  Portugal  was  used  to  obtain  empirical  expressions  for  ground  intensity 
response  to  seismic  excitation.  Different  approaches  were  tried  and  analysed,  in  order 
to  minimise  the  uncertainties  associated  to  the  corresponding  intensity  predictions.  1) 
Fits  considering  intensity  (1)  as  a  function  of  magnitude  (M)  and  epicentre  or  focal 
distance  (D),  and  fits  considering  1  as  a  function  of  D  for  constant  M,  were  obtained. 
In  order  to  analyse  the  influence,  in  regressions  results,  of  the  way  the  input  set  is 
selected,  given  the  zone  of  observation  sites  and  the  region  of  epicentres,  different 
groups  of  data  points  were  considered  in  these  fits:  a)  sets  with  EMS  intensity  value  1 
points,  and  sets  without  them;  b)  sets  with  different  amounts  of  points  of  the  different 
intensity  values;  c)  sets  with  transformed  data  points,  such  as  points  with  average 
distance  for  given  intensity  and  magnitude,  points  with  hypothetical  intensity 
distributions  -  intensity  considered  as  varying  continuously  with  distance  -  for  each 
magnitude  and  EMS  intensity  value,  and  points  with  the  average  distances  to  the 
isoseismals.  2)  I  as  a  function  of  M  fits  were  computed  for  data  from  delimited 
epicentre  areas.  Conclusions  on  the  use  of  these  procedures  were  obtained. 


INTENSITY  VS  CATALOGUES:  THE  CASE  OF  THE  1975,  JUNE 
19  GARGANO  (SOUTHERN  ITALY)  EARTHQUAKE 

F.  Riguzzi 

Istituto  Nazionale  di  Geofisica,  Rome  Italy 
riguzzi@ing750.ingrm.it/Fax;  +39-6-5041 181 

Italian  seismic  Catalogues  suffer  the  problem  that  intensities  of  many 
moderate  seismic  events  (historical  and/or  present),  are  often  derived 
from  intensity-magnitude  relationships,  or  evaluated  only  from 
preliminary  sources.  In  those  cases  intensities  are  not  assessed  by 
macroseismic  studies;  consequently,  it  is  possible  to  find  contradictions 
among  different  Catalogues,  as  they  often  follow  different  way  of 
intensity  assignment.  As  example,  the  case  of  the  1975,  June  19 
earthquake  is  presented  in  this  poster.  This  event  occurred  in  the 
Gargano  area  (Southern  Italy)  with  a  magnitude  Ml=5.1  (ING 
Seismological  Bulletin).  The  corresponding  intensity  value  reported  by 
the  ING  Catalogue  is  I  =  VIII  (computed),  while  the  NT4.1  Catalogue 
quotes  I  =  VI  MCS.  Moreover  the  PFG  Catalogue  reports  this 
earthquake  without  intensity.  The  case  of  this  event  is  emblematic  of  a 
period  in  which  macroseismic  studies  were  not  undertaken 
systematically  in  Italy.  The  macroseismic  intensity  of  this  event  is  now 
assessed  by  the  use  of  the  normal  procedures  implemented  at  ING. 


PRELIMINARY  RESULTS  OF  THE  MACROSEISMIC  SURVEY  OF 
THE  COLFIORITO  SEQUENCE  (CENTRAL  ITALY) 

V.  De  Rubeis,  C.  Gasparini,  A.  Tertulliani  and  P.  Tosi 

Istituto  Nazionale  di  Geofisica,  Via  di  Vigna  Murata,  605,  00143  Rome, 

Italy.  Tertul@ing750.ingrm.it/fax :  +39-6-5041303 

The  recent  seismic  sequence  occurred  in  Umbria-Marche  region  (Central 
Italy),  starting  from  September  4,  1997,  has  caused  a  large  amount  of 
damage  in  a  quite  wide  area.  The  sequence  produced  almost  five  shocks 
with  magnitude  higher  than  5.0,  the  largest  Of  them  occurred  on  September 
26,  UTC  09  :40,  M)  =5.8  .  The  occurrence  of  many  shocks  with  magnitude 
higher  than  4.0  has  contributed  to  create  a  damage  pattern  “in  evolution” 
for  over  a  month.  Such  seismic  behaviour  obliged  the  operators  in  the  field 
to  perform  a  real-time  macroseismic  survey  to  update  the  data  set.  One  of 
the  major  efforts  was  to  discriminate  the  effects  due  to  each  of  the  largest 
shocks.  In  this  work  we  present  the  macroseismic  survey  performed  during 
the  sequence  and  some  preliminary  result  inferred  from  it.  The  intensity 
points  and  macroseismic  fields  related  to  the  largest  quakes  of  the  sequence 
are  presented.  Finally  some  consideration  drawn  by  comparison  with 
instrumental  and  geological  data  are  shown. 


CORRELATION  OF  SEISMIC  INTENSITY  WITH  FOURIER 
ACCELERATION  SPECTRA 

V.Yu.SokoIov(l),  Yu.K.Chemov(2) 

(1)  Lenhydroproject,  pr.  Ispytateley  22,  StPetersburg,  RUSSIA  197227 
E-mail:  vus@info.rasl.spb.ru 

(2)  SK IGC,  Dzerzhynsky  185,  Stavropol,  RUSSIA  355 105 

Many  attempts  have  been  made  to  correlate  intensity  with  ground  motion  parameters. 
The  correlations  with  peak  ampliwdes  and  duration  show  great  scatter,  and  till  the 
present  there  is  no  equation  sufficient  enough  to  determine  seismic  intensity  in  terms 
of  physical  parameters.  We  present  a  method  for  estimating  of  seismic  intensity  in 
terms  of  MMI  or  MCS  scale  using  Fourier  amplitude  spectra  of  ground  acceleration. 
The  method  implies  that  the  severity  of  earthquake  ground  motion  is  determined  by 
spectral  amplitudes  in  relatively  narrow  frequency  band:  so-called  "responsible 
frequencies”,  which  decrease  (from  7-8  Hz  for  small  intensities  to  0.7-1.0  Hz  for 
MMI=Vin-IX)  with  increasing  of  the  intensity.  We  examined  our  model  through 
estimation  of  prabable  intensity  using  records  of  recent  earthquakes  occured  in  several 
seismic  regions,  and  prediction  of  intensity  distribution  patterns  for  Coalinga, 
California  earthquake  of  May  2, 1983,  and  Spitak,  Armenia,  earthquake  of  December 
7,  1988.  We  beleive  that  seismic  hazard  maps  in  terras  of  intensity  scale  levels  based 
on  the  proposed  approach  would  provide  a  better  account  for  regional  features  of 
seismic  waves  excitation  and  propagation,  as  well  as  for  local  ground  conditions. 


CROATIAN  MACROSEISMIC  DATABASE 
I.  Sovic 

Croatian  Seismological  Survey,  Department  of  Geophysics,  Faculty  of  Sciences, 
Horvatovac  bb,  10000  Zagreb,  Croatia 
sovic@mdjer.irb.hr /Fax:  +385  1  43  80  331 

The  compilation  of  the  digital  Croatian  Macroseismic  Database  is  an  ongoing 
project  that  started  in  1995.  A  total  of  426  earthquakes  is  cunently  being  analyzed. 
The  job  is  carried  out  fiirough  several  stages,  each  of  them  corresponding  to 
digitalization  of  a  different  input  data  format  (isoseismal-  and  intensity-maps, 
intensity  point  lists,  questionnaires,  etc.)  At  first,  the  69  isoseismal  maps  published 
in  the  Catalogue  of  Earthquakes  in  the  Balkan  Region  have  been  digitized.  The 
coordinates  of  the  intensity  points  were  assigned  to  geographic  locations  (villages, 
cities,  .„)  by  consulting  the  data  base  of  latitudes  and  longitudes  of  all  settlements  in 
Croatia.  The  330  existing  intensity  lists  (intensity  and  name  of  the  place  without 
coordinates)  were  entered  into  the  database  during  the  second  step.  The  isoseismal 
maps  which  were  not  published  so  far  will  be  scarmed  and  digitized  during  the  third 
stage  of  the  project.  Main  problems  encountered  so  far  have  to  do  with  digitization 
from  the  imprecisely  drawn  intensity  maps  based  on  unspecified  cartographic 
projection,  in  which  case  we  had  to  employ  various  methods  of  coordinate 
interpolation  in  order  to  be  able  to  assign  observed  intensity  to  a  geographic  locality. 
Once  finished,  the  data-base  will  offer  possibility  to  analyze  many  aspects  of  the 
macroseismic  field  in  Croatia  (intensity  attenuation,  distribution  of  the  maximum 
observed  intesities,  influence  of  local  soil  conditions,  etc.). 


TESTING  THE  EUROPEAN  MACROSEISMIC  SCALE  IN  THE 
CASE  OF  THE  1997,  CENTRAL  ITALY  EARTHQUAKES 

Working  Group  on  EMS  data  of  the  1997,  Central  Italy 
earthquakes:  Reference  person;  M.  Stucchi* 

*  IRRS  CNR  Milano,  Italy 

Damage  caused  by  the  1997,  September  and  October,  Central 
Italy  earthquakes  was  investigated  by  making  use  of  both  MCS 
and  EM  intensity  scales.  Data  collected  in  the  view  of  this  test 
are  available  for  about  70  localities  of  the  most  damaged  area. 
These  data  will  be  compared  against  damage  data  collected  by 
engineers  for  safety  purposes. 

The  main  problems  of  the  survey  came  from  the  sequence  of 
damaging  events  which  took  place  in  about  three  weeks.  This 
situation  requested  quick,  repetitive  and  therefore  not 
exhaustive  investigation,  the  limits  of  which  are  discussed  here. 
The  comparison  between  the  intensity  values  assessed 
according  to  the  two  scales  shows  interesting  insights. 
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A  FUZZY  SYSTEM  TO  ASSESS  SEISMIC  INTENSITY 

G.  Vannucci  (1),  P.  Gasperini  (2),  G.  Ferrari  (3)  and  E.  Guidoboni  (2) 

(1)  Dip.  Scienze  della  Terra,  50100  Firenze,  Italy,  (2)  Dip.  di  Fisica,  Settore 
Geofisica,  40127  Bologna,  Italy,  (3)  Storia  Geofisica  Ambiente  (SGA),  40100 
Bologna,  Italy. 

paoloOibogfs.df  .unibo.it/Fax:  [39]  51  6305058 

We  show  a  technique  which  allows  the  encoding  and  the  computer  processing 
of  macroseismic  effects  in  order  to  keep  treice  of  all  the  steps  in  the  intensity 
assessment  process.  It  makes  use  of  a  multi'Criteria  decision  making  algorithm 
based  on  the  Fuzzy  Sets  Theory  (FST).  For  two  Italian  earthquakes  (the  1919, 
Mugello  and  1920,  Garfagnana)  we  exhaustively  classified  all  the  earthquake- 
related  effects  found  in  the  available  sources,  without  referring  to  any  macro- 
seismic  scale.  This  classification  is  based  on  the  decomposition  into  elementary 
syntactic  components,  of  any  meaningful  sentence  which  can  be  associated  to 
a  set  of  5  alphanumerical  codes.  This  method  grants  the  highest  adherence  of 
the  recorded  data  with  respect  to  the  source  contents,  since  it  avoid  forced 
interpretation  and  the  loss  of  all  the  information  that  do  not  fit  into  scale  de¬ 
scriptions.  The  availability  of  the  information  on  computer  media  allows  the 
reorganization  of  the  data-set  in  order  to  group  effects  which  where  previously 
kept  distinct  but  are  thought  to  be  equivalent  in  further  processing.  The  exten¬ 
sion  of  the  data-base  to  a  sufficiently  large  number  of  earthquakes  could  allow 
the  definition  of  a  new  macroseismic  scale  on  a  purely  statistical  basis. 


NH3  Earthquake  risk  mitigation  (co-sponsored  by  SE) 

04  Active  fault  and  earthquake  risk  mitigation 

Convener:  Barka,  A.A. 

Co-Convener:  Stewart,  I.S. 


FAULT  KINEMATICS  AND  EARTHQUAKE  RISK:  CHIHSHANG,  TAIVFAN 

J.Angeliertn.  H.-T.  Chu  (2),  J.-C.  Hu  (3)  and  J.-C.  Lee  (3) 

(1)  Tectonique,  Univ.  P.&  M.  Curie,  Paris,  France,  ja@lgs.jussieu.fr,  (2)  Central 
Geol.  Survey,  Taipei,  Taiwan,  (3)  Inst.  Earth  Sci.,  Academia  Sinica,  Taipei,  Taiwan. 

In  eastern  Taiwan,  across  the  active  boundary  between  Eurasia-Philippine  Sea  plate, 
the  fault  slip  was  studied  during  the  period  1982-1997  on  the  Chihshang  Fault,  a 
segment  of  the  Longitudinal  Valley  Fault  known  active  for  the  last  30  years. 

Four  sites  allowed  quantification  of  fault  offsets,  because  massive  buried  concrete 
walls  reliably  recorded  ground  deformation.  Displacements  vectors  were  measured 
yearly  (1990-1997),  in  terms  of  both  the  amplitudes  and  the  orientations. 

At  the  longest  survey  site,  the  total  shortening  is  29.2  cm  in  about  1 1  years.  For  all 
sites,  the  average  velocity  is  2.4  cm/yr,  about  one  third  of  the  total  shortening  across 
the  whole  Taiwan  orogen.  Motion  vectors  trend  N120'155®E  while  the  fault  strikes 
N23®E,  indicating  thrusting  with  left-lateral  component. 

The  increase  in  total  shortening  was  nearly  linear  during  the  period  1986-1997.  After 
the  large  1951  earthquake  sequence,  creep  dominated  across  this  major  fault.  Minor 
velocity  variations  occurred,  but  no  significant  decrease  in  velocity,  which  would 
have  indicated  compressional  stress  accumulation  and  increasing  seismic  risk  along 
the  Chihshang  Fault,  was  identified  between  1982  and  1991. 

Quantitative  studies  carried  out  at  the  outcrop  scale  along  active  faults  have  the 
potential  to  allow  detection  of  a  decrease  in  local  aseismic  slip  velocity.  Such 
phenomenon  may  reflect  accumulation  of  compressional  strain  across  a  nearby  zone, 
hence  increasing  earthquake  risk,  for  the  overall  deformation  is  continuing  across  the 
seismically  active  convergent  boundary  (see  Angelier  etal.,  this  meeting). 


REVISED  MAGNITUDES  OF  HISTORICAL  EARTHQUAKES  IN 
SLOVENIA 

Mladen  Zivcic  (1),  Ina  Cccic  (2) 

(1)  Geophysical  Survey,  Ljubljana,  Slovenia,  mladen.zivcic@uni-lj.si,  (2) 
Geophysical  Survey,  Ljubljana,  Slovenia,  ina.cecic(^  uni-lj.si 

For  statistical  estimation  of  earthquake  hazard  it  is  of  large  importance  to  have 
unified  measure  of  earthquake  size.  For  historical  events  no  instrumental  data  are 
available.  Consequently  a  link  between  intensity  and  magnitude  is  needed. 
Epicentral  or  maximum  intensity  is  usually  poorly  correlated  with  magnitude,  so 
magnitude  formulas  based  on  isoseismal  radii  are  derived.  For  18  earthquakes  in 
Slovenia  there  was  isoseismal  map  available  as  well  as  M^h  magnitude.  Isoseismals 
were  digitized  and  the  relation  between  magnitude  Mi,h  and  equivalent  radii  R  of 
isoseismals  were  derived; 

Mlh  =  2.72  +  1.63  log  Ry,  (r^O.68) 

Mlh  =  1.08  +  2.32  log  Rv  (r^O.67) 

Mlh=  1.14  +  1.96  logRiv  (r^0.71) 

Magnitudes  were  determined  for  the  events  for  which  isoseismal  radii  for  intensities 
IV,  V  and  VI  were  available  In  the  catalogue.  The  reason  for  choosing  these  values 
was  because  in  20*  century  there  are  not  enough  data  for  intensites  VIII  or  VII, 
which  could  be  used  to  calibrate  magnitude  formulas.  The  strongest  earthquake  in 
20*  century  was  of  M^h  =  5.7.  Revised  macroseismic  magnitudes  for  the  two 
strongest  events  in  Slovenia  are: 

26.03.1511.  Mm==6.8±0.3 
14.04.1895.  Mm=6.1±0.2 

EARTHQUAKE  SURFACE  FAULTING  IN  VOLCANIC  AREAS:  A 
CASE-STUDY  FROM  MOUNT  ETNA  (SICILY) 

R.  AZZARO 

GNDT  c/o  Istituto  Intemazionale  di  Vulcanologia  -  OIR,  Catania,  Italy 
e-mail:  raffaele@hp715.iiv.ct.cnr.il  Fax  number:  +39  95  435801 

Coseismic  faulting  is  generally  associated  with  moderate-large  earthquakes  (M>  6.2) 
with  extended  overall  lengths  (tens  of  km)  and  relevant  offsets  (in  meters). 
Occasionally  ground  rupture  occurs  also  with  very  shallow,  low  magnitude  events 
(M<4.5)  because  of  peculiar  tectonic  conditions,  for  example  in  active  volcanic  zones. 
The  present  study  has  allowed  the  recognition  of  surface  ruptures  for  a  large  number 
of  earthquakes  occurring  at  Mt.  Etna  since  1818  to  date  by  means  of  a  careful  search 
and  re-examination  of  historical  sources  and  recent  data.  Analysis  of  surface  faulting 
provided  not  only  a  clearer  relationship  between  seismicity  and  mapped  structures  to 
emerge  but  also  a  better  definition  of  the  volcano  Is  tectonic  framework  through  the 
identification  of  previously  undetected,  long  hidden  faults.  Critical  interpretation  of 
data  and  ad  hoc  field  investigations  allowed  also  to  verify  behaviour  (kinematics,  slip 
per  event,  length  of  rupture)  and  geometry  of  seismogenic  segments.  These  findings 
provide  not  only  effective  evidence  of  ongoing  tectonics  but  also  useful  elements  for 
seismic  risk  mitigation.  In  fact,  surface  faulting  in  a  densely  urbanised  area  such  as  the 
Etnean  one  is  a  singular  and  overlooked  source  of  hazard,  destroying  houses  astride 
the  ground  rupture  or  interrupting  essential  lifelines  (tollway,  railway,  methane 
pipeline,  etc.). 


COULOMB  MODELING  OF  MARMARA  SEA  EARTHQUAKES 
SINCE  1700:  IMPLICATIONS  ON  THE  EARTHQUAKE  HAZARD 
OF  THE  ISTANBUL  REGION 

A.  A.  Barka  (1,3),  S.  Nalbant  (2),  A.  Hubert  (3)  and  G.  King  (3) 

(1)  ITU,  Jeoloji  Boliimu,  Ayazaga,  Istanbul,  (2)  lU,  Muhendislilk  Fakiiltesi, 
Jeofizik  Boliimu,  Avcilar,  Istanbul,  (3)  IPGP,  France. 
barkaOsariyer . cc . itu . edu . tr 

Present-day  failure  stress  distribution  of  destructive  earthquakes  (I>VIII, 
M>6.3)  occurring  since  1700  along  strands  of  the  North  Anatolian  fault  in  the 
Marmara  Sea  region  is  calculated  from  Coulomb  modeling.  This  is  important 
in  particular  for  the  City  of  Istanbul  which  is  the  center  of  high  population  (10 
Million)  and  economy.  Our  investigation  is  mostly  concentrates  on  the  NE-SW 
trending  central  Marmara  Sea  ridge  which  represents  one  of  the  major  strike- 
slip  segements.  From  the  historical  earthquake  records  we  beleived  that  the 
last  large  earthquake  on  this  ridge  was  the  1509  earthquake  (I=IX-X).  GPS 
measurements  illustrated  that  the  slip  rate  along  the  northern  strand  of  the 
North  Anatolian  fault  is  more  than  10  mm/yr.  Our  results  from  the  failure 
stress  modeling  indicated  that  the  18th  century  earthquakes  caused  stress  in¬ 
crease  on  this  ridge,  however,  this  segment  was  not  ready  to  rupture  at  that 
time.  If  we  consider  the  GPS  rate,  at  present  there  has  been  approximately  5 
m  slip  allready  accumulated  on  this  segment  since  the  1509  earthquake.  Fur¬ 
thermore,  our  modeling  predicts  that  this  strike-slip  segment  is  most  likely  to 
be  triggered,  if  there  is  a  moderate  normal  fault  earthquake  in  the  basins  which 
are  bound  to  this  ridge  from  the  east  and  west. 
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SEISMIC  HAZARD  IN  THE  CAUCASUS  REGION 

Mustafa  Erdik  ( 1 )  and  Karin  Sesetyan  ( 1 ) 

( 1 )  Bogazi}}i  University;  Department  of  Earthquake  Engineering,  Istanbul 
E-mail:  erdik@hamIin.cc.boun.edu.tr,  Fax:  +90.216.3080163, 3321711 

This  study  involves  the  determination  of  the  earthquake  hazard  in  the  Caucasus  region 
in  probabilistic  terms.  The  area  considered  is  identified  as  one  of  the  test  sites  of 
Global  Seismic  Hazard  Assessment  Program  (GSHAP).  The  prominent  features  of  the 
study  are  rational  delineation  of  source  zones  based  on  different  neo-tectonic  maps  and 
regionally  seismicity;  utilisation  of  spectral  amplitude  attenuation  relationships  and; 
the  use  of  GIS  technology  in  the  treatment  of  data.  The  neo-tectonic  regime  and  the 
historical  seismicity  of  the  region  Several  neo-tectonic  fault  maps  and  historical 
seismicity  catalogues  of  the  region  were  guiding  tools  in  the  delineation  of  the 
following  seismic  source  zones:  North  Anatolian;  Bitlis-Zagros;  Black  Sea; 
Pambak-Sevan;  Greater  Caucasus;  Tabriz;  Talish;  Soltanieh-South  Parandak  and  Arax. 
The  variability  of  the  available  neo-tectonic  maps  introduced  uncertainties  in  some  of 
the  source  boundaries.  For  the  probabilistic  hazard  analysis  the  Poisson  model  is 
retained  on  account  of  its  simplicity,  its  adequacy  for  large  magnitude  events  and  the 
fact  that  the  seismic  design  decisions  should  be  more  sensitive  to  the  mean  number  of 
events  than  to  their  temporal  distribution.  A  sensitivity  analysis  conducted  to  assess  the 
influence  of  the  variability  of  the  source  boundaries.  The  earthquake  hazard  is 
quantified  as  contours  of  iso-peak  ground  acceleration  and  iso-spectral  acceleration 
corresponding  to  different  return  periods.  The  results  are  compared  with  other  studies 
conducted  for  the  same  test  area  using  deterministic,  historical-probabilistic  and 
areal-probabilistic  techniques. 


SEISMIC  HAZARD  IN  THE  CAUCASUS  REGION 
Mustafa  Erdik  (11  and  Karin  P»e*elyan  (!) 

(1)  Bo<!Jazi0  University:  Department  of  Earthquake  Engineering. 
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This  study  involves  the  determination  of  the  earthquake  hazard  in  the  Caucasus 
region  in  probabilistic  terms.  The  area  considered  is  identified  as  one  of  the  test  sites 
of  Global  Seismic  Hazard  Assessment  Program  (GSHAP).  The  prominent  features 
of  the  study  are  rational  delineation  of  source  zones  based  on  different  neo-tectonic 
maps  and  regionally  seismicity;  utilisation  of  spectral  amplitude  anenuation 
relationships  and;  the  use  of  GIS  technology  in  the  treatment  of  data.  The  neo- 
tectonic  regime  and  the  historical  seismicity  of  the  region  Several  neo-tectonic  fault 
maps  and  historical  seismicity  catalogues  of  the  region  were  guiding  tools  in  the 
delineation  of  the  following  seismic  source  zones:  North  Anatolian;  Bitlis-Zagros; 
Black  Sea;  Pambak-Sevan:  Greater  Caucasus;  Tabriz;  Talish;  Soltanieh-South 
Parandak  and  Arax.  The  variability  of  the  available  neo-tectonic  maps  introduced 
uncertainties  in  some  of  the  source  boundaries.  For  the  probabilistic  hazard  analysis 
the  Poisson  model  is  retained  on  account  of  its  simplicity,  its  adequacy  for  large 
magnitude  events  and  the  fact  that  the  seismic  design  decisions  should  be  more 
sensitive  to  the  mean  number  of  events  than  to  dieir  temporal  distribution.  A 
sensitivity  analysis  conducted  to  assess  the  influence  of  the  variability  of  the  source 
boundaries.  The  earthquake  hazard  is  quantified  as  contours  of  iso-peak  ground 
acceleration  and  iso-spectral  acceleration  corresponding  to  different  return  periods. 
The  results  are  comp^cd  with  other  studies  conducted  for  the  same  test  area  using 
deterministic,  historical-probabilistic  and  areal-probabilistic  techniques. 


DEFINING  SEISMOGENIC  SOURCES  FROM  HISTORICAL 
EARTHQUAKE  FELT  REPORTS 

P.  Gasperini  (1),  F.  Bernardini  (2),  G.  Valensise  (3)  and  E.  Boschi  (1,3) 

(1)  Dip.  di  Fisica,  Settore  Geofisica,  40127  Bologna,  Italy,  (2)  Dip.  Scienze  della 
Terra,  50100  Firenze,  Italy,  (3)  Istituto  Nazionale  di  Geofisica,  00143  Roma, 
Italy. 

paoloOibogfs.df  .unibo.it/Fax:  [39]  51  6305058 

We  present  a  method  to  assess  the  location,  physical  dimensions  and  orientation 
of  the  source  of  large  historical  earthquakes  that  relies  entirely  on  intensity 
data.  Seismological  theory  and  practice  show  that  the  orientation  of  the  seismic 
source  of  earthquakes  larger  than  M>5.5  is  reflected  in  the  elongation  of  the 
associated  damage  pattern.  A  physically  plausible  and  easily  understandable 
way  of  describing  a  seismic  source  is  by  representing  it  as  a  properly  oriented 
’’rectangle”,  whose  length  and  width  are  obtained  from  moment  magnitude 
through  empirical  relations.  This  rectangle  is  meant  to  represent  either  the 
actual  surface  projection  of  the  seismogenic  fault  or,  at  least,  the  projection 
of  the  portion  of  the  Earth  crust  where  a  given  seismic  source  is  more  likely 
to  be  located.  The  systematic  application  of  this  method  to  all  the  M>5.5 
earthquakes  that  occurred  in  the  central  and  southern  Apennines  (Southern 
Italy)  in  the  past  four  centuries  returned  encouraging  results  that  compare 
well  with  existing  instrumental,  direct  geological  and  geodynamic  evidence. 
The  method  is  quite  stable  for  different  choices  of  the  algorithm  parameters 
and  provides  elongation  directions  which  in  most  cases  can  be  shown  to  be 
statistically  significant. 


SEISMIC  HAZARD  AND  SEISMIC  RISK  ASSESSMENT  FOR  SOCHI  CITY 
G.L.Koff»>N.I.Frolova** 

♦Institute  of  Litosphere,  Russian  Academy  of  Sciences, 
♦♦Seismological  Center,  Institute  of  Geoecology,  Russian  Academy  of  Sciences 

According  to  the  temporary  map  (scale  1:1  000  000)  of  seismic  zonation  of  the 
Northern  Caucasian  territory,  adopted  by  the  Ministry  of  Construction  of  Russian 
Federation  in  1994  as  a  standart,  Sochi ,  the  Black  Sea  shore  of  Russia,  is  located  in 
a  zone  of  expected  intensity  DC  on  the  MSK  scale,  with  average  recurrence  of  such 
earthquakes  once  per  1000  years  within  the  area  of  one  thousand  sq.km.  In 
comparison  with  the  previous  standart  map  of  seismic  zonation  of  the  former  USSR, 
the  city  seismicity  was  increased  by  2  grades  of  intensity  scale.  In  order  to  verify  the 
seismic  hazard  level  the  schematic  map  (scale  1:  100  000)  of  tectonic  faults  was 
compiHed  with  the  use  of  space  photography.  As  30%  of  the  mountain  area  of  the 
city  is  exposed  to  landslides,  mudflows,  avalanches,  the  detailed  engineering 
geological  study  was  carried  out.  Seismic  risk  (ecomonic  and  social  losses)  was 
computed  with  taking  into  account  the  verified  seismic  hazard  level  and  other 
geological  processes.  The  corresponding  maps  of  total  direct  losses  caused  by 
damage  to  residential  buildings  from  scenario  earthquake,  summary  direct  losses 
taking  into  account  secondary  technogenous  processes,  as  well  as  of  specific  social 
losses  (number  of  people  killed  and  injured  per  unit  square)  were  compiled  on  the 
scale  1:50  000.  The  obtained  results  allowed  to  estimate  the  insurance  rates  for 
Sochi  City. 


‘  NON-TRADITIONAL  ASPECTS  OF  SEISMIC  HAZARD  IN  THE  ZONE  OF 
ACTIVE  FAULTS  WITHIN  THE  RUSSIAN  PLATE 

LG.Koutinov,  F.N.Yudakhin,  T.Y.Belenovich  (Institute  of  Ecological  Problems  in 
the  North  Ural  Division  RAS,  57  Viutchejsky  str.,  163046  Archangelsk,  Russia) 

Study  of  spatial  migration  of  earthquake  epicentres  with  M>3.0  for  a  phase  1963- 
1992  years  has  shown  that  seismoactive  faults  of  Fennoscandia  extend  to  Russian 
plate.  Tectonic  zones  of  the  Baltic  Shield  and  Northern  part  of  the  Russian  plate 
create  a  complicated  pattern  in  space  and  a  combination  of  faults,  grabens,  horst, 
forming  a  peculiar  tectonic  framework  of  structures  successively  evolving  in  time 
represent.  These  zones  are  characterized  by  inheritance  in  space,  re-iteration  and 
association  with  weakened  zones  of  general  NW  and  NE  direction  from  Late 
Aichean  to  present.  The  epicentres  of  earthquake  form  the  belt  extending  in  NE 
and  NW  directions.  These  direction  conform  with  faults  dividing  Baltic  Shield  and 
Russian  Plate  into  separate  tectonic  bloks.The  investigations  carried  out  by  the 
authors,  has  shown,  that  in  Archangelsk’s  region  these  structures  are  ruinous  for 
marine  stars  in  Onega  and  Dvina  Gulfs,  fishes  in  Lekshmozero.  The  main  causes  of 
the  phenomena  of  earthquakes  influence  on  the  environment  are  not  clear.  Some  of 
causes  are:  horizontal  and  vertical  migration  of  the  geochemical  elements,  the 
fluides  of  depth  gases,  fluctuations  of  electro-magnetic  fields  and  contamination  by 
toxic  organic  matter,  is  intrinsic  in  basement  and  sedimentary  rocks  of  the  Russian 
Plate,  in  the  zones  of  seismoactive  faults.  The  main  stream  of  gas  is  moving 
through  the  faults  and  by  the  zones  of  fracture.  The  important  role  in  this  process 
the  recent  tectonic  movements  and  migration  of  earthquake  epicentres  play. 


PROGRAM  OF  THE  NUCLEAR  POWER  STATIONS  SEISMIC 
PROTECTION  IN  THE  UKRAINE 

Yu.  Lokshvn,  N.  Petrov,  V.  Baranov 

State  Scientific  Industrial  Association  (SSIA)  “Metrology”,  Kharkov,  Ukraine 
e-mail:  bondarew@metrog.kharkov.ua 

The  seismic  situation  in  the  Ukraine  is  considered  as  calm  in  general.  However,  it 
territory  contains  the  seismic  active  M  6-7  with  the  local  sections  M  $  zones.  There 
are  Crimea  zone,  Carpathy,  all  south-west  part  of  Ukraine,  seismic  active  zones  of 
die  East-European  platform  boundary,  Donbass.  The  large  industrial  units,  in 
particular,  the  nuclear  power  stations  (NPS)  have  been  built  there  and  in  other 
seismic  active  regions.  Ukrainian  NPS  are  usually  situated  near  large  cities  and  it 
damages  could  cause  the  essential  economic  disasters  and  environment  catastrophes. 
In  this  sense,  the  possible  earthquakes  are  very  strong  hazard.  Therefore,  the 
permanent  seismic  observations  and  corresponding  NPS  protection  have  the  most 
importance.  The  complex  program  to  develop  the  national  system  of  the  seismic 
observations  and  to  raise  the  population  safety  in  the  seismic  hazardous  regions  has 
been  worked  out  in  the  Ukraine.  In  particular,  the  program  foresees  to  re-supply  the 
NPS  with  modem  seismic  control  equipment.  In  frame  of  that  program,  ^e  State 
Scientific  Industrial  Association  "Metrology”  (Kharkov)  develops,  manufactures  and 
tests  the  various  types  seismic  sensors  intended  for  operation  at  the  NPS  prediction 
systems.  To  verify  those  sensors,  we  have  developed  pendulum  calibrator  allowing 
to  attest  it  directly  at  the  station.  It  is  foreseen  to  equip  all  the  Ukrainian  NPS  with 
such  technique.  As  a  result,  the  NPS  reliability  and  safety  will  be  improved. 
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ACTIVE  TECTONIC  STRUCTURES  IN  THE  PADANA  PLAIN: 
NEW  DISCRIMINATION  STRATEGY  FROM  A  JOINT  STUDY 
OF  GEOMORPHIC  AND  GEODETIC  LEVELING  DATA 

De  Martini  P.M.  (1),  Burrato  P.  (1)  and  Valensise  G.  (1) 

.(1)  Istituto  Nazionale  di  Geofisica,  Roma,  Italy. 
bem2u:tini0ing7&0 .  ingrm .  it 

We  compared  geomorphic  anomalies  with  a  wave-length  comparable  to  that  of 
tectonic  structures  of  crustal  significance  (10-30  km),  with  elevation  changes 
from  successive  leveling  surveys  (1985-1953,  Italian  first  order  network)  for  two 
sample  areas  of  the  Padana  Plain,  located  near  Mantova  and  NW  of  Tteviso. 
Both  areas  are  characterised  by  clear  anomalies  in  the  drainage  pattern,  which 
is  highly  sensitive  to  vertical  motions.  The  analysis  of  the  leveling  data  shows 
differential  elevation  changes  in  agreement  with  the  strain  field  inferred  from 
geomorphology.  For  each  area  we  estimated  the  geometric  and  kinematic  pa¬ 
rameters  of  the  crustal  fault  that  fits  best  the  observed  geomorphic  and  geodetic 
anomalies.  To  address  the  question  of  whether  the  fault  is  mainly  creeping,  as 
suggested  by  the  paucity  of  background  seismicity,  or  potentially  seismogenic 
we  compared  the  strain  rate  inferred  from  geodesy  with  that  derived  from  ge¬ 
omorphology.  We  found  that  the  geodetic  rate  (a)  accounts  for  only  a  small 
fraction  of  the  rate  detected  from  geomorphology,  and  (b)  does  not  seem  large 
enough  to  induce  the  observed  perturbations  of  the  drainage.  To  explain  the 
.  strain  surplus  inferred  from  geomorphology  we  suggest  that  the  hypothesised 
faults  could  generate  infrequent  earthquakes  up  to  M  6. 2-6.5,  which  would  in¬ 
duce  the  observed  instantaneous  yet  localised  diversions  of  the  water  flow. 


FAULT-FRAGMENTS  AND  RELATED  ACTIVE 
DEFORMATION:  IMPLICATIONS  FOR  THE  SEISMIC 
HAZARD  ASSESSMENT 

M.  Meahraoui. 
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We  study  examples  of  coseismic  surface  faulting  in  different  tectonic 
regions  and  it  f^jpears  that  in  many  cases,  earthquake  faults  are  not 
characterized  by  straightforward  clearly  expressed  surface  ruptures.  In  order 
to  address  this  problem  we  use  the  fault  fragment  model  which  refers  to  the 
minimum  fault-area  for  which  the  coseismic  deformation  is  visible  at  the 
ground  surface  (Meghraoui  and  Camelbeeck,  1996).  The  maximum 
fragment  size  is  the  fault  rupture  for  which  L*  «  H/k|  (H  is  seismogenic 
layer  depth,  ki  constant  strain  level)  holds,  reaching  -  10  km  rupture  length 
and  producing  lO”  •  lO”  N.m.  of  moment-earthquakes.  Furthermore,  the 
size  of  fault  fragments  coincides  with  the  dimension  limit  at  which  the  self¬ 
similar  behavior  of  earthquakes  mechanics  changes,  i.e.,  a  break  in  self- 
similarity  at  the  limit  between  small  and  large  earthquakes.  The  fault 
fragment  may  represents  the  basic  crustal  element  by  which  the  seismic 
strain  is  released  in  acflve  zones  with  distributed  deformation.  In  this 
context,  the  fault  emergence  and  visibility  might  be  controlled  by  local 
tectonic  pattern  (block  tectonic),  inherited  and  new  structures,  fault 
geometry  and  dimensions  and  related  earthquake-size.  In  many  active 
zones,  the  seismic  hazard  assessment  depends  on  a  complete  inventory  of 
fault  fragments  capable  of  producing  moderate-sized  but  damaging 
earthquakes. 


TWO-WAY  COUPLING  BETWEEN  ERUPTIONS  AT  VESUVIUS 
AND  SOUTHERN  APENNINE  EARTHQUAKES  BY  ELASTIC 
STRESS  TRANSFER 

Nostro  C.  (1),  Stein  R.  S.  (2),  Cocco  M.  (1),  Belardinelli  M.  E.  (1)  and 
Marzocchi  W.  (3) 

(1)  I.  N.  G.,  Rome,,  (2)  U.S.G.S.,  Menlo  Park,  CA,  (3)  University  of  Bologna. 
During  the  past  thousand  years,  eruptions  of  Vesuvius  have  often  been  accom¬ 
panied  by  large  earthquakes  in  the  Apennine  chain  50-60  km  to  the  northeast. 
Statistical  investigations  had  shown  that  earthquakes  often  preceded  eruptions, 
typically  by  less  than  a  decade,  but  did  not  provide  a  physical  explanation  for 
the  correlation.  We  explore  elastic  stress  interaction  between  earthquakes  and 
eruptions,  under  the  hypothesis  that  small  stress  changes  can  promote  events 
when  the  Apennine  normal  faults  and  the  Vesuvius  magma  body  are  close  to 
failure.  We  show  that  earthquakes  can  promote  eruptions  by  compressing  the 
magma  body  at  depth  and  opening  suitably  oriented  near-surface  conduits. 
Voiding  the  magma  body  in  turns  brings  these  same  normal  faults  closer  to 
Coulomb  failure,  promoting  earthquakes.  Such  a  coupling  is  strongest  if  the 
magma  reservoir  is  a  dike  oriented  parallel  to  the  Apennines  and  the  near- 
surface  conduits  and  fissures  are  oriented  normal  to  the  Apennines.  This  pre¬ 
ferred  orientation  suggests  that  the  eruptions  issuing  from  such  fissures  should 
be  most  closely  linked  in  time  to  Apennine  earthquakes.  We  use  our  model¬ 
ing  results  to  select  those  earthquakes  and  eruptions  for  which  the  coupling 
is  favored  and  we  performed  a  new  statistical  analysis,  which  yields  a  better 
correlation  with  respect  to  the  Marzocchi  et  al.’s  [1993]  results. 


MAPPING  SUBSURFACE  FAULTS  USING  REALTIVE 
LOCATIONS  AND  FAULT  PLANE  SOLUTIONS  OF  MI¬ 
CROEARTHQUAKES 

S.  Th.  Rvgnvaldsson  (1)  and  R.  Slunga  (2) 

(1)  Icelandic  Meteorological  Office,  Bustadavegur  9,  150  Iceland,  (2)  Uppsala 
University,  Solid  Earth  Geophysics  Programme,  Villavagen  16,  S-75236 
Uppsala,  Sweden. 
srOvedur .  is/Fax;  [354]  552  8121 

Relative  locations  of  clusters  of  similar  microearthquakes  can  be  determined 
with  uncertainties  less  than  10  m.  The  mean  distance  of  a  group  of  earthquakes 
from  the  best  fitting  plane  through  the  group  is  often  comparable  to  the  relative 
location  uncertainty  of  individual  events.  A  simple  interpretation  of  the  best 
fitting  plane  through  a  dense  cluster  of  earthquakes  is  that  it  coincides  with  the 
common  fault  plane  of  the  group.  Fault  plane  solutions  provide  independent 
estimates  of  fault  orientations.  These  methods  have  been  applied  to  tens  of 
microearthquake  clusters  in  Iceland.  In  the  transform  zones  in  north  and  south 
Iceland  the  fault  orientations  determined  in  this  manner  agree  closely  with 
field  observations.  Near  the  Hengill  triple  junction  and  volcano  complex  in  SW 
Iceland  the  pattern  is  more  complicated  and  fault  orientations  often  deviate 
markedly  from  fault  aspects  determined  by  surface  observations. 


SEISMOTECTONICS  AND  SEISMIC  HAZARD  ASSESSMENT  OF  LIBYA 
A.  Suleiman  (1)  and  D.  Doser(2) 

(1)  Libyan  Center  for  Remote  Sensing  and  Space  Science.  (2)  University  of  Texas  at 
El  Paso  (USA). 

Libya,  Situated  on  the  Mediterranean  foreland  of  the  African  shield,  is  not  commonly 
thought  of  as  being  seismically  active.  However,  several  earthquakes  of  magnitude 
>6.0  have  occurred  there  within  this  century.  Data  from  earthquakes  that  have 
occurred  in  Libya  was  gathered  and  investigated  in  order  to  gain  better  knowledge 
regarding  the  seismotectonics  and  seismic  hazard  assessment.  We  used  a  combination 
of  seismicity,  first  motion  and  waveform  modeling  along  with  all  available  geological 
information.  Focal  mechanisms  suggest  a  rapid  change  in  the  direction  of  maximum 
compressive  stress  (NNW  to  NE-S^  within  the  offshore  portion  of  the  African  plate. 
There  also  appears  to  be  a  change  in  the  stress  regime  across  Libya,  with  dip-dip 
faulting  more  prevalent  in  eastern  Libya.  The  relatively  aseismic  central  portion  of  Sirt 
basin  appears  to  divide  these  stress  regimes.  Libya  is  divided  into  four  seismic  zones. 
The  NW-SE  trending  Hun  graben  seismic  zone  is  considered  the  most  seismically 
active  zone  in  Libya.  Continued  seismicity  to  the  north  along  this  zone  could  pose  a 
serious  hazardous  to  the  major  cities  that  lie  along  it. 


SEISMIC  HAZARD  ASSESSMENT  BY  USING  ACTIVE  FAULT  DATA 

V.G.Trifonov*  and  T.P.Ivanova** 

•Geological  Institute,  Russian  Academy  of  Sciences,  Moscow, 

••Institute  of  Dynamics  of  the  Geospheres,  Russian  Academy  of  Sciences,  Moscow 

The  Map  of  active  faults  of  Eurasia,  1:5000000,  was  compiled  as  a  part  of  the  ILP  Project 
II-2  **World  map  of  major  active  faults  To  find  the  general  criteria  of  intensity  of  active 
faulting,  the  components  of  tensor  of  recent  deformation  rates  were  calculated  and 
mapped  in  the  Alpine-Himalayan  collision  belt  by  using  active  fault  data.  Areas  of 
concentration  of  the  deformation  are  seen  in  the  maps.  They  form  wide  zones  along  the 
recent  plate  boundaries,  in  their  junctions,  and  along  some  other  active  fault  zones  of  the 
higher  seismicity.  Active  faults,  differentiated  by  their  activity,  were  used  (together  with 
some  parameters  of  seismicity)  for  mapping  seismotectonic  domains  of  the  northern 
Eurasia  and  calculating  their  seismic  potential  [Shebalin  et  al.,  1995].  The  map  of  the 
domains  have  been  used  for  calculating  strong  motions  and  general  seismic  zoning.  To 
detailize  the  seismic  hazard  assessment,  active  tectonics  of  the  earthquake  source  zones  of 
the  Arabian-Caucasus  collision  region  were  studied.  Tectonic  regularities  of  crustal 
seismicity  are  not  limited  by  interaction  of  plates  and  crustal  blocks.  Our  studies  in  the 
North  Anatolian  fault  zone  showed  that  average  rate  of  the  seismotectonic  deformation 
(during  the  500-year  seismic  cicle,  not  the  XX  centure)  is  higher  in  some  sites  than 
average  rate  of  the  plate  interaction  motion  because  of  higher  vertical  component  of  the 
seismic  displacements.  Thus,  some  local  factors  increase  rate  of  the  elastic  deformation 
and  produce  additional  vertical  seismic  displacements.  These  sites  are  located  in  the 
ophiolite  zones.  We  found  concentration  of  strong  earthquake  epicentres  in  the  ophiolite 
zones  in  all  the  Arabian-Caucasus  collision  region.  Perhaps,  the  additional  vertical 
seismic  displacements  depend  on  stress,  produced  by  increase  of  volume  of  peridotites 
and  basalts  because  of  mineral  transformations  by  water  circulation  in  the  fault  zones. 


C140 


PALEOSEISMOLOGICAL  INVESTIGATIONS  ALONG  THE 
MOSCARELLO  FAULT,  MT.  ETNA  VOLCANO  (SICILY) 

Vittori  E.*.  Azzaro  R.**,  Ferreli  L.***,  Michetti  A.M.***,  Serva  L.* 

*Agen2ia  Nazionale  per  la  Protezione  delVAmbiente  (ANPA),  via  V.  Brancati.  48 
00144  Roma,  Italy  -  email  vittori@dns.anpa.it 

•*  GNDT  c/o  Istituto  Intemazionale  di  Vulcanologia-CNR,  Catania,  Italy 
***  GNDT.  ANPA  Research  Unit  c/o  ANPA  Roma.  Italy 

A  program  of  trench  investigations  and  geomorphological  analyses  has  been 
recently  initiated  at  Mt.  Etna,  whose  eastern  fla^  is  affected  by  very  active,  mainly 
NNW-SSE-striking,  normal  faults,  the  “Timpe”  feult  system,  which  represents  the 
northermost  inland  extension  of  the  Malta  Escarpment.  This  study  focuses  on  the 
Moscarello  feult,  which  displaces  Late  pleistocene-Holocene  lava  flows  and  alluvial 
fan  deposits  for  a  length  of  ca.  10  km.  The  maximum  observable  throw,  more  than 
12Sm  in  less  than  100,000  years,  is  attained  in  the  northern  sector  of  the  feult,  that 
borders  the  Fondo  Macchia  tectonic  basin.  This  depression  has  hosted  some  of  the 
largest  earthquakes  occurred  in  the  volcanic  area,  with  generally  shallow  sources 
and  macroseismic  intensities  reaching  the  DC-X  degree  MSK.  Cosetsmic  surface 
faulting,  up  6  km  long  and  with  30  to  90  cm  of  vertical  offsets,  was  associated  to 
the  1855, 1865, 191 1  and  1971  earthquakes.  Hence,  two  trenches  were  excavated 
along  fee  1971  coseismic  scarp  at  Fondo  Macchia,  aiming  at  reconstructing  fee 
feult  behaviour  on  a  longer  time-span  and  at  better  understanding  the  relationship 
between  fee  ‘Timpe”  system  and  fee  active  Malta  escarpment,  suspected  source  of 
fee  major  earthquakes  in  SE  Sicily.  Here,  fee  first  results  of  stratigraphic  and 
geomorphological  analyses  and  radiocarbon  dating  are  presented. 


NH3  Earthquake  risk  mitigation  (co-sponsored  by  SE) 
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RECONNAISSANCE  AND  DESCRIPTION  OF  LANDSLIDE  DAMS 
OF  SEISMIC  ORIGIN  IN  SOUTH-EASTERN  SICILY 

G.  Adorn!  (Istituto  di  Geologia  e  Geofisica,  Catania,  Italy) 

P.G.  Nicoletti  (CNR-IRPI,  Roges  di  Rende,  Italy) 

M.  Parise  (Cm-CERIST.  Ban,  Italy) 

A.  Scalzo  (CNR-IRPI,  Roges  di  Rende,  Italy) 

Among  the  secondary  effects  induced  by  seismic  ground  shaking,  this  paper 
focuses  on  the  analysis  of  earthquake-triggered  landslide  dams.  When  an 
earthquake  occurs  and  is  strong  enough  to  trigger  slope  movements,  the 
blockage  of  a  river  is  frequent  in  narrow,  steep  valleys;  consequently,  an 
impoundment  upstream  of  fee  landslide  fonns  and,  if  fee  dam  does  not  fail, 
is  gradually  silted  up. 

A  sample  of  eight  earthquake-triggered  landslide  dams  in  SE  Sicily  is 
presented  and  discussed  in  this  paper.  The  origin  of  these  landslides  is  most 
likely  related  to  the  occurrence  of  the  strong  earthquakes  which  periodically 
shake  this  sector  of  Southern  Italy:  three  seismic  events  having  intensity 
equal  or  greater  than  X  in  this  millennium,  and  an  unknown,  but  presumably 
conspicuous,  number  of  comparable  events  in  previous  times. 

Each  landslide  dam  was  analyzed  in  relation  to  local  geolo^,  tvpe  and 
dimensions  of  slope  movement,  presence  and  characters  of  silting  up 
deposits,  conditions  at  present.  The  list  of  relevant  question  proposed  by 
Schuster  and  Costa  (1986)  and  fee  classification  scheme  proposed  by  Costa 
and  Schuster  (1988)  were  followed,  in  order  to  obtain  descriptions  of  fee 
landslide  dams  as  complete  and  consistent  as  possible.  A  sketch  of  fee 
overall  characteristics  or  these  dams  is  eventually  given. 

The  information  coming  from  this  work  could  be  used  for  a  twofold 
urpose:  1)  to  develop  a  database  of  earthquake-triggered  landslide  dams  in 
E  Sicily;  2)  to  evaluate  the  risk,  if  any,  related  to  the  actual  dams. 
Furthermore,  the  analysis  of  landslide  dams  distribution  and  characteristics 
in  relation  to  main  seismogenic  areas  could  provide  useful  information  in  fee 
attempt  of  identifying  the  most  typical  geomorphic  and  geologic  conditions 
under  which,  should  a  moderate  to  strong  earthquake  occur,  landsiide  dams 
could  more  likely  develop. 


EARTHQUAKE  RELATED  GRAVITATIONAL  PHENOMENA  IN  THE 
UMBRO-MARCHE  APENNINES  (CENTRAL  ITALY):  THE  CASE  OF  THE 
SEPTEMBER  -  NOVEMBER  1997  SEISMIC  EVENTS 

ARINGOLI  D.  (•),  DRAMIS  F.  (♦•),  GENTILI  B.  (•),  MATERAZZI  M.  (*), 
PAMBIANCHl  G.  (*)  &  SCALELLA  G.  (•) 

(*)  Department  of  Earth  Sciences,  University  of  Camerino,  Camerino  (MC)  Italy 
(•♦)  Department  of  Earth  Sciences,  Third  University  of  Rome,  Rome  Italy 

During  autumn  1997  a  very  strong  sequence  of  seismic  events  struck  a  vast  area  in  the 
Umbro  -  Marche  Apennines,  an  east  verging  thrust  belt  made  up  in  Neogene  times  and 
subsequently  dislocated  by  normal  and  transcurrent  faults  which  are  still  active.  From 
September  26  (at  0.33  GMI)  to  mid-November,  five  main  shocks  (with  magnitude 
ranging  between  5.5  and  6.0  MW)  and  a  large  swarm  of  minor  shocks  caused  12 
deafes  and  detroyed  or  heavily  damaged  a  large  number  of  building  including 
historical  monuments  of  inestimable  value  such  as  the  monastery  of  S.  Francesco  in 
Assisi.  The  epicenters  were  located  around  fee  Colfiorito  basin,  an  intermontane 
tectonic  depresion  bordered  by  NNW  -  SSE  trending  active  normal  faults.  The 
earthquake  produced  wide  spread  surface  effects  including  ground  fracturing  and 
faulting,  debris  compaction  and  a  large  number  of  gravitational  phenomena  of 
different  type  and  size.  Rapid  mass  movements  such  as  rock  fall,  debris  fall  and  debris 
flow  were  directly  triggered  during  the  earthquake  shaking,  both  by  ground  fracturing 
and  oriented  accelerations,  while  slide  phenomena  in  clay-rich  materials  were 
activated  later,  mostly  after  heavy  rainfall  infiltration  through  open  gran  fractures. 
Also  deep  seated  gravitational  deformation  phenomena  on  limestone  slopes,  such  as  at 
Mt.  Frascare  and  Mt.  Fema,  were  ractiveted  by  the  earfeqjuake  shocks,  even  at  some 
distance  from  the  epicentral  area.  All  fee  above  phenomena  have  b^een  examined  and 
mapped  in  order  to  compare  their  distribution  pattern  with  that  of  the  isoseismal  lines. 
The  resalting  data  may  be  useful  for  future  land  planning  and  management  in  the  area. 


GENESIS  OF  THE  SEISMODISLOCATIONS  IN  THE  EPICENTER  OF 
THE  RACHA  EARTHQUAKE 

L.  Basheleishvili 

Ceoiogfeal  Institute,  Georgian  Academy  of  Sciences 

(1)  The  destructive  Racha  earthquake  occiired  on  April  29, 1991  in  the  northern  part 
ofOcorgifl.  The  earthquake  of  magnitude  M*6.9  and  intensity  in  epicentre  IX  (MSK 
scale)  hod  a  focus  at  about  Skm  depth.  (2)  Analysis  of  seismodislocations  emerged 
in  the  epicentral  area  showed  lhal  they  are  mainly  rockfalls,  landslides,  rock 
avalanches  and  displacements  In  unstable  degradatlonal  slopes.  Much  rare  are  small 
amplitude  fractures  and  cracks,  especially  of  strike-slip  and  combined  character 
(reverse  fault-shear,  normal  fault-shear,  etc.).  The  latter  are  most  frequently  grouped 
in  N  or  NW  direction.  For  the  eartliquake  of  such  great  energy  the  secondary 
dislocations  turned  out  to  be  dominating,,  whereas  fee  primary  ones  have 
subordinate  character.  This  phenomenon  may  be  explained  by  intensely  dissected 
mountainous  relief  previously  prepared  by  tectonic  and  croslonal  processes  and 
cnlianced  by  superimposing  the  gravitational  effect.  (3)  The  concentration  of 
landsIidc-avalanchc  manifestations  along  the  zone  of  the  deep  fault,  separating  fee 
stable  Georgian  block  from  the  folded  zone  of  the  Southern  slope  of  fee  Greater 
Caucasus,  in  our  opinion,  may  be  explained  by  complex  kinematics  of  the  collision 
of  the  two  opposite-directed  mass  movement  separating  here  structural-tectonic 
domains  of  the  Greater  and  Lesser  Caucasus. 
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WATER  BALANCE  MODEL  OF  A  LANDSLIDE  DAMMED  LAKE  IN 
THE  ANDES  OF  NW  ARGENTINA  (26°S,  66°W) 

B.  Bookhagen.  K.  Haselton,  M.H.  Trauth 

Institut  fur  Geowissenschaften,  Universitat  Potsdam,  Germany 

bodo@geo.uni-potsdam.de 

A  water  balance  model  has  been  applied  to  a  paleolake  existing  about  35  kyr 
BP  in  the  Valles  Calchaquies  of  northwest  Argentina.  This  lake  resulted  from 
damming  of  the  Rio  de  las  Conchas  by  a  catastrophic  landslide  in  the 
tectonically  active  transition  between  the  Sierras  Pampeanas  and  eastern 
Cordillera  geologic  provinces.  Similar  to  other  ephemeral  lakes  in  northwest 
Argentina  the  existence  of  this  lake  coincides  with  the  Pleniglacial  wet  period 
(40  -  25  kyr  BP).  Field  observations  indicate  that  the  disappearance  of  the  lake 
was  due  to  clastic  infill  rather  than  increased  evaporation.  Paleoenviromental 
reconstructions  based  on  varved  lake  deposits  provide  detailed  information  on 
the  seasonality  of  river  discharge  and  sediment  sources  within  the  basin  and  are 
used  to  define  boundary  conditions  for  the  model.  Based  on  these  parameters, 
different  scenarios  were  developed  for  climatic  conditions  consistent  with  the 
existence  of  the  lake.  A  higher  precipitation  must  coincide  with  increasing 
cloudiness  and  a  weaker  wind-regime  combined  with  lower  temperatures  in 
order  to  establish  and  maintain  such  a  lake.  The  model,  adapted  from  Blodgett 
et  al  (1997),  incorporates  mean  cloudiness  and  wind  speed  as  well  as 
temperature  and  precipitation  in  estimating  evaporation  and  resulting  lake 
levels.  Additionally,  the  model  now  incorporates  new  modules  accounting  f<^ 
spatial  variation  of  rainfall  and  distribution  of  source  rocks  in  the  catchment 
area. 


EARTHQUAKE-INDUCED  LANDSLIDES  IN  SAGUENAY  LOWLANDS 
(QUfBEC,  CANADA)  ;  IMPACT  OF  THE  1663  CHARLEVOIX 
EARTHQUAKE 

C.  BOgin  and  D.  Perret 

Geological  Survey  of  Canada,  Quebec,  Canada  GIV  4C7,  cbegin@gsc.nrcan.gc.ca  / 
Fax:(418)654-2615 

Our  research  work  on  physical  impacts  of  the  July  1996  Saguenay  deluge  has  led  us  to 
define  a  14C-based  reconstruction  of  the  regional  dynamics  of  landslides.  Our  first  set 
of  dates  indicates  that  distinct  generations  of  landslides  have  dissected  postglacial 
marine  terraces  during  the  last  millennia.  Ages  related  to  the  most  recent  period  of 
extensive  tandsliding  range  from  320 1 60  BP  to  240 1 40  BP  ;  once  calibrated  into 
calendar  years  (1627  -  1677  cal  AD),  they  are  centered  around  the  well-known 
February  1663  earthquake  in  Charlevoix,  100  km  away  from  the  Saguenay  region. 
Data  from  tree-ring  analysis  of  tree  trunks  buried  in  landslide  sediments  strengthen  the 
idea  that  the  14C-dated  landslides  were  triggered  by  the  1663  major  seismic  event. 
Precise  dating  of  a  large  number  of  landslides  in  the  Saguenay  region  provides  new 
insights  on  the  relative  importance  of  different  natural  causes  for  slope  failures  in 
postglacial  marine  clays.  It  also  contributes  to  establish  the  distribution  of  landslides 
induced  by  the  1663  earthquake.  In  addition  to  the  Mauricie  and  Charlevoix  regions 
where  large  landslides  have  previously  been  linked  to  the  1663  event,  the  Saguenay 
lowlands  are  another  region  where  this  M=7+  (estimated)  earthquake  had  strong 
geomorphic  impacts. 


SPATIAL  HAZARD  ASSESSMENT  FOR  LANDSLIDES 
UNDER  SEISMIC  CONDITIONS 

RN  Chowdhury  (1),  P  Flcmje  (1) 
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The  .stability  of  natural  slopes  is  influenced  by  geographical,  geological, 
geomorphologicul,  geotechnical  and  hydrological  factors.  Over  the  last 
fifty  years  or  more,  a  great  deal  of  research  has  been  carried  out  in  many 
countries  to  understand  the  fundamental  causes  and  mechani.sms  of  slope 
instability.  Methods  of  geological  and  geotechnical  modelling  and 
analysis  have  been  developed  to  understand  landslides  which  have 
occurred  and  to  predict  future  instability.  The  roles  of  triggering  factors 
such  as  deforestation,  development,  rainfall  and  carthqutikes  have  been 
explored.  It  is  now  acknowledged  widely  that  accurate  prediction  of 
slope  stability  is  often  difficult  due  to  uncertainties  concerning  geolo^cal 
details,  geotechnical  properties  as  well  as  triggering  factors.  Seismic 
effects  of  triggering  landsliding  are  highlighted  in  this  paper. 

In  this  paper,  attention  is  drawn  to  hazard  asse.ssinent  facilitated  by  GIS- 
based  techniques  for  mapping  and  risk  as-sessment.  So  far  this  approach 
has  been  validated  for  rainfall-triggered  landslide.s  in  the  Illawarra  region, 
ft  is  argued  in  this  paper  that  a  similar  approach  can  be  developed  for 
seismicaliy  active  regions.  Spatial  distribution  of  landsliding  can  be 
studied  in  a  rational  and  systematic  manner  and  thus  spatial  'probabilities 
of  landsliding  can  be  correlated  to  geological  and  geotechnical  factors. 
The  methods  and  approaches  discussed  here  enable  assessment  as  well  as 
updating  of  hazard. 


LARGE  APENNINE  LANDSIJDF.S  ALONG  ITALIAN  ADRIATIC 
FOREDEEP  STUDIED  BY  L-1 RANSFOKMS  (\  ISCO-ELASTK  DOMAIN) 

Tliv  Adriatic  Slope  of  the  ApeiiHiiie  Raii^e  is  dial  acterl'ied  In  a  iiuinher  of  )ai  ge 
landslides  -  permanently  affecting  rural  lands  roads,  towns  and  also  rhers  -  hi 
parHcular  along  (he  .Adriatic  Foredeep,  marked  hy  a  conitnuoii.s  gravimetrical 
through,  modulated  In  tliree  gnnimetrical  higlts,  located  near  the  geo- 
niorphological  evidences  of  Monte  C'onero,  Montagna  Maiella  and  Monte 
Vulture.. 

In  the  frame  of  a  broader  geupinsieal  research,  .scisino-geiietic  >isco-elastic  geo¬ 
structures  have  been  suggested,  which  are  able  to  transfer  .seismic  energies  to 
the  Earth  surface,  owing  to  viscous  connections  with  deep,  tliin  viscous  geo¬ 
structures,  squeezed  by  African  Plate  effects,  also  according  to  (he  secular  anti¬ 
clockwise  rotation  of  the  Italian  I’eiiin  uhi.  These  basic  models  are  suggested  In 
gravimetrical  maps,  filtered  al  suh-rcgional  scul.s:  their  sipieezing  appears  to  he 
one  of  (he  major  geophysical  caii.scs  of  landslide  getieratioiH,  ow  ing  to  Ixdli  the 
nearly  continuous  modiFicatioii.s  of  local  .slopes  at  the  surface  and  the  (riggei  iiig 
effects  caused  by  vet*}  frequent  earthquakes. 

L'Traiisform  methods  help  to  deal  viith  different  povsitde  (also  underhand) 
approaches,  which  induce  unstahle  tnas.ses  located  upon  those  Apeiinine  .slopes 
to  start  tlietr  dangerous  trends. 


Surface  effects  induced  by  the  26.09.97  Umbria  -Marche  earthquakes 

E.Esposito*'^  S.  Porfido*'',  A.L.  Simonelll^'* ,  G,  laccarino*^*,  G.  Mastrolorenzo**’ 
Gmppo  Nazionale  Difesa  dai  Terremoti  del  C.N.R.,  University  di  Napoli 
Federico  II,  Osservatorio  Vesuviano  (Napoli) 

Email:  Fehler!  Texlmarke  nlcht  deflnlert.Fax:  +39  81  7683481 

In  the  paper  the  surface  effects  induced  by  the  26/9/97  earthquakes  which  stroke 
Umbria  and  Marche  regions  (central  Italy)  will  be  described  and  discussed.  The  two 
main  events  occurred  at  00h33m  and  09h40m  UTC,  with  magnitude  equal  to  5.5 
and  5.8  respectively  (TNG,  1997).The  authors  have  examined  a  wide  area  (about  700 
Km*)  around  the  two  epicentral  zones.  The  effects  have  been  catalogued  in: 
rockfalls  and  landslides,  subsidence  phenomena,  hydrological  phenomena,  ground 
fractures.  Frequent  rockfall  phenomena  along  the  sides  of  the  roads  have  been 
observed.  Huge  phenomena  occurred  in  Stravignano-Bagni  and  Sorifa  towns,  where 
volumes  up  to  thousands  of  cubic  meters  failed  in  the  Travertino  rock  formation. 
Three  major  subsidence  phenomena  will  be  discussed,  which  occurred  at  Bagnara 
and  Le  Moline  towns  and  at  Acciano  Dam.  Ground  fractures  have  been  observed  all 
over  the  area;  their  areal  distribution,  length  and  orientation  have  been  studied,  and 
correlations  with  the  surface  faulting  systems  have  been  found  out. 


DEVELOPMENT  OF  A  LANDSLIDE  HAZARD  MAP  FOR  NORTHWEST 
ARGENTINA 

K.  Haselton.  R.  Hermanns,  B.  Bookhagen,  M.  Strecker 
Institut  fiir  Geowissenschaften,  Universitat  Potsdam,  Germany 
kirk@geo.uni'po  tsdam.de 

A  map  of  landslide  hazards  is  produced  for  northwest  Argentina  which  provides  a 
synthesis  of  geologic,  paleoclimate  and  modem  meteorological  studies  in  this 
area  (as  presented  in  this  session).  These  complementary  studies  have  described 
geological  preconditions  for  landslide  occurrence,  source  lithologies,  seismic 
triggers  and  required  relief  contrasts  as  well  as  indications  of  additional,  more 
frequent  events  in  the  past  resulting  from  moister  climates.  The  present  synthesis 
incorporates  these  results  with  modern  measures  of  rainfall  provided  by  satellite- 
based  retrievals  and  supported  by  ground  station  records  to  determine  regions  of 
particular  landslide  susceptibility  due  both  to  existing  preconditions  and 
likelihood  of  additional  rainfall  triggers.  Relevant  datasets  are  compiled  and 
analysed  within  a  Geographic  Information  System  (GIS)  focusing  on  topographic 
analysis  (slope  and  relief),  rainfall  (ground  station  and  satellite)  and  lithology 
(field  observations  and  Landsat  TM  classification).  This  analysis  identifies  areas 
of  potentially  higher  susceptibility  and  impact  due  both  to  rainfall  distribution 
and  existing  development. 
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DEEP-SEATED  GRAVITATIONAL  SLOPE  DEFORMATIONS 
(DGSD)  AS  A  NATURAL  LABORATORY  OF  BRITTLE  ROCK 
DEFORMATION  -  IMPLICATIONS  TO  ROCK  SLOPE  HAZARDS. 

Siegfried  HERMANN,  Depl  ofGeologyandPaIeontolpgy,Heinridislrasse26,  A-SOlOGtaz, 
Austria. rf: si^fiied.heniianri@kfunigraz.ac.at  Fax:++43  316380  9870 

In  the  central  mountain  chain  of  the  Eastern  Alps  slope  instabilities  of 
Sackung  type  morphology  are  common  phenomenons.  Three  general 
types  of  Sackung,  interdependent  on  both  host  rock  lithologies  and 
inclination  of  the  main  foliation,  can  be  distinguished.  Thereby, 
surface  slope  failure  geometry  do  attest  normal  fault  tectonics. 
Associated  subsurface  structures  indicate  deformation  of  affected  host 
rocks  close  to  pure  shear  as  well  as  close  to  simple  shear  regime. 
Formation  of  new  generated  fractures  in  cooperation  with  reactivation 
of  preexisting  joints  provide  penetrative  and  also  deep  reachit\g 
relaxation  of  mountain  ridge  brickwork.  Ongoing  gravitational  creep 
of  relaxed  rock  masses  is  responsible  for  excessive  processes  of 
erosion,  increasing  provocation  of  large  scale  rock  avalanches  and 
torrential ity.  Especially  in  the  area  of  DGSD  rock  fall  events  are 
frequent.  Therefore,  these  movable  rock  masses  triggering  to  DGSD 
do  represent  sources  of  several  mass  movement  hazards  and  simply 
can  be  aktivated  by  earthquake  events, 


IMPORTANT  BOUNDARY  CONDITIONS  CONTROLLING  ROCK- 
AVALANCHE  DISTRIBUTION  IN  SEMI-ARID  NW-ARGENTINA 

R.M.  Hermanns.  M.R.  Strecker,  M.H.  Trauth,  K.  Haselton 
(Institut  fiir  Geowissenschaften,  UniversUat  Potsdam,  Germany) 
hermanns@rz.uni-potsdam.de 

Landsat  TM  analysis  of  the  semi-arid  Puna  and  adjacent  Eastern  Cordillera  and 
Sierras  Pampeanas  (24®  -  28®  S)  has  revealed  the  existence  of  at  least  53  rock- 
avalanche  deposits  with  volumes  in  excess  of  10’ m*  formed  by  the  collapse  of 
entire  mountain  fronts.  Their  spatial  distribution  is  not  random,  but  show 
remarkable  clustering  along  neotectonic  active  mountain  fronts.  Detailed  field 
studies  reveal  five  principle  controls  on  the  distribution  of  these  events.  The 
source  area  of  the  rock  avalanches  has  two  topographic  constraints,  vertical 
relief  contrasts  have  to  be  higher  than  a  threshold  of  400  m  (I)  and  the  slope 
inclinations  have  to  be  steeper  than  20®  (II).  Furthermore,  rock  avalanches  occur 
in  three  types  of  lithology  CHI),  granites,  low-grade  metamorphic  rocks,  and 
coarse  clastic  sediments.  Structural  controls  (IV)  are  very  important.  All 
avalanche  deposits  occur  along  neotectonically  active  mountain  fronts.  In 
addition  planar  structures  like  bedding  planes,  exfoliation  joints,  minor  faults 
and  foliations  dip  in  all  cases  toward  the  valley.  Finally,  major  slide  clusters 
occur  along  mountain  fronts  which  experienced  a  Quaternary  reverse-fault 
reactivation  of  former  strike-slip  faults  (y).  Although  three  of  the  major  slides 
are  about  30  ka  old  and  may  correspono  to  a  more  humid  interval  in  South 
America,  the  trigger  mechanism  for  the  majority  of  these  landslides  is 
interpreted  to  be  seismic  shaking  in  accordance  with  important  landslide  events 
elsewhere. 


ASSESSING  HAZARDS  FROM  SEISMICALLY  TRIGGERED 
LANDSLIDES:  AN  OVERVIEW  OF  THE  STATE  OF  THE  ART 

Randall  W.  Jibson 

United  States  Geological  Survey 

jibson@gldvxa.cr.usgs.gov 

Landslides  are  a  major  cause  of  damage  in  most  large  earthquakes.  Triggered  land¬ 
slides  commonly  damage  and  destroy  homes  and  other  structures,  block  roads  and 
rail  lines,  sever  pipe  and  power  lines,  and  dam  streams  and  rivers.  Over  the  past  20 
years,  our  understanding  of  earthquake-triggered  landslides  and  their  impact  has 
increased  greatly.  In  particular,  significant  progress  has  been  made  in  (1)  charac¬ 
terizing  the  environments  that  are  most  susceptible  to  seismically  triggered  land¬ 
slides,  (2)  quantifying  the  relative  abundance  of  various  types  of  landslides  likely  to 
be  triggered,  (3)  documenting  the  threshold  shaking  conditions  needed  to  cause 
failure,  and  (4)  developing  methods  to  model  coseismic  landslide  deformation.  But 
even  in  light  of  this  progress,  several  fundamental  advances  are  still  needed  to  more 
accurately  predict  where  and  in  what  conditions  earthquakes  are  likely  to  produce 
widespread  damaging  landslides.  Some  innovative  research  aimed  at  advancing  the 
state  of  knowledge  includes  (1)  developing  simplified  methods  to  model  earth- 
quake-triggered  landslide  movement,  (2)  conducting  field  experiments  by  perma¬ 
nently  instrumenting  landslides  to  directly  measure  coseismic  landslide  behavior, 
and  (3)  developing  methods  to  use  high-resolution,  computer-based  geographic 
information  systems  (GIS)  to  quantitatively  assess  and  map  regional  seismic  land¬ 
slide  hazards. 


OCCURRENCE  AND  EVALUATION  OF  LANDSLIDES 
GENERATED  BY  EARTHQUAKES 

David  K.  Keefer 

U.S.  Geological  Survey,  345  Middlefield  Rd.,  Menlo  Park,  California  94025  USA 
dkeefer@mojave.wr.usgs.govyFax:  650-329-5163 

Seismic  shaking  is  one  of  the  main  agents  generating  landslides,  and  large 
earthquakes  may  produce  tens  of  thousands  of  landslides,  dislodging  mtve  than  a 
billion  cubic  meters  of  material  from  slopes  and  causing  significant  economic  losses 
and  casualties.  These  landslides  may  be  classified  into  three  main  categories:  The 
first  includes  such  highly  disrupted  landslides  as  rock  fells  and  debris  slides,  which 
occur  on  steep  slopes  and  are  overwhelmingly  the  most  abundant  The  second 
category  involves  deeper-seated  and  more  coherent  bodies  such  as  rotational  slumps 
and  translational  block  slides,  which  may  cause  considerable  damage  largely  because 
of  their  occurrence  on  gentler  slopes.  Ibe  third  category  includes  partly  to 
completely  liquefied  masses,  such  as  lateral  spreads  and  mud  flows,  which  may 
originate  on  still  gentler  slopes.  The  total  area  affected  by  landslides  in  earthquakes 
with  magnitude,  M  may  be  approximated  by  the  regression  relation  logioA  *  M-3.46, 
where  the  area,  A  is  in  km*.  The  total  volume  of  landslide  material  may  be 
approximated  by  the  relation  logjoV  =  1.45M-2.50,  where  the  volume,  V  is  in  m*. 
The  susceptibility  of  slopes  to  failure  may  be  evaluated  using  either  geologic  criteria 
or  engineering  slope-stability  analysis.  For  the  most  common  types  of  landslides, 
fee  most  important  geologic  characteristics  are  degree  of  weathering,  strength  of 
cementation,  fracture  spacing  and  openness,  and  ground-water  conditions. 


LANDSLIDE  HAZARD  MANAGEMENT  AND  PREDICTION  OPTIONS: 
SOME  STRATEGIES  FOR  THE  SIKKIM  HIMALAYA,  INDIA 

Akhouri  Pramod  Krishna 

G.B.  Pant  Institute  of  Himalayan  Environment  and  Development,  Sikkim  Unit,  P.O. 
Tadong,  Oangtok*737  102,  Sikkim,  INDIA. 

Email;  gbp.sk@scs.lwbbs.com  (Attn.:  A.P.  Krishna)  Fax:  +91-3592-23335 

Sikkim  Himalayan  temaln  is  frequently  affected  by  the  single  worst  natural  hazard 
manifested  as  landslides.  The  causes  are  characteristic  fragile  host  mountain  terrain 
accompanied  with  adverse  natural  events  as  well  as  anthropogenic  activities. 
Himalayan  region  in  general  is  considered  to  be  seismically  active.  Physiographically 
more  sensitive  zones  with  slope  instabilities  undergo  high  intensity  rainfall.  The  most 
common  landslide  triggering  factor  here  is  the  cloud  burst  which  is  highly 
concentrated  rainfall  over  a  small  area  lasting  a  few  hours.  The  earthquake  tremors 
with  epicentres  in  North  Eastern  states  precceding  some  of  the  earlier  events  are 
believed  to  have  caused  instabilities  which  caused  landslides  later  on  during  high 
iniensiQ'  rainfall.  Therefore,  the  role  of  earthquakes  as  an  indirect  cause  contributing 
to  such  events  of  mass  movements  leading  to  loss  of  lives  and  other  related  impacts 
have  been  analysed.  This  study  is  aimed  at  evolving  risk  management  and  prediction 
strategies  taking  into  account  assessment  of  some  of  the  past  events  of  significance 
with  the  consideration  of  triggering  causes  preceding  these.  The  general  geological 
set-up.  meteorological,  seismological  and  geo-environmental  factors  have  been 
correlated.  Following  are  the  overall  envisaged  approaches:  (i)  Identification  of 
landslide  susceptibility  zones  for  sample  areas  based  on  high  resolution  remote  sensing 
data,  topographic  maps  and  ground  level  observations,  (ii)  Identifying  areas  and 
meteorological  situations  that  favour  the  occurrence  of  cloud  burst,  (iii)  A  correlation 
of  suscqjtibiliry  zones  with  the  triggering  events  in  retrospect  to  establish  threshold 
factors  for  prediction,  (iv)  Strategies  to  prevent  and  reduce  the  damages  in  the  disaster. 
The  study  also  aims  to  demonstrate  the  utilization  of  Geographical  Information  System 
(CIS)  based  approach  for  an  effective  collection,  analysis,  storage  and  display  of 
information  for  the  management  and  prediction  of  this  natural  hazard.  The  scope  of 
application  remains  wide  where  this  shall  be  of  assistance  to  the  planners,  policy 
makers  and  administrators  towards  hazard  prediction,  early  warning,  control  and 
management. 


HYBRID  PROBABILISTIC-DETERMINISTIC  APPROACH  FOR  MAPPING 
LANDSLIDE  VULNERABILITY  TO  EARTHQUAKES  USLNC  CIS  TECH¬ 
NIQUES 

L.  Luzi  ( I ).  F.  Pcrgalani  ( I )  and  F.  Bruni  ( 1 ) 

(1)  Isiitutodi  Ricercasul  RUchio  Sismico,  Milano,  f1oriana@daphne.itTS.mi.cnr.it 
Fax;+39-2-26680987 

Landslides  triggered  by  earthquakes  represent  a  common  phenomenon,  recent  expe¬ 
riences  (Umbria-Marche  event.  26/09/97)  show  how  the  role  of  unstable  slopes  is 
fundamental  for  post-earthquake  reconstruction  and  for  land  use  planning.  The  most 
common  approach  used  to  determine  slope  vulnerability  to  a  seismic  event  is  to  cal¬ 
culate  the  critical  horizontal  acceleration  (kc)  which  can  trigger  the  terrain,  using 
deterministic  methods.  For  thin  soil  layers  on  hillside  slopes  the  infinite  slope  model 
is  commonly  used  for  individual  slopes,  but  recently  it  has  been  applied  over  large 
areas,  especially  after  the  increasing  role  played  by  the  Geographic  Information 
Systems  (GIS),  whose  importance  is  mainly  due  to  their  capacity  of  storing,  updat¬ 
ing  and  analysing  data  in  relatively  short  time.  The  application  of  deterministic 
models  often  implies  the  detailed  knowledge  of  geotechnical,  geometric  and  hydro¬ 
geological  parameters  and  for  this  reason  the  application  over  large  areas  can  lead  to 
errors,  as  the  outcome  is  represented  by  unique  values  of  Kc.  To  overcome  this 
limitation  a  solution  can  be  a  parametric  analysis,  that  is  using  geotechnical  pa¬ 
rameters  varying  from  a  maximum  and  a  minimum  value  and  assuming  either  dry  or 
variable  saturation  condition  degrees.  The  suggestion  here  proposed  is  the  adoption 
of  statistical  techniques  to  obtain  a  distribution  of  Kc  values.  A  Monte  Carlo  simu¬ 
lation  is  proposed  adopting  probabilistic  distribution  of  geotechnical,  geometric  and 
hydrogeological  parameters,  through  the  following  phases:  identification  of  land¬ 
slide  mechanisms,  selection  of  slope  stability  method,  selection  of  terrain  unit,  input 
data  layer  preparation,  analysis.  The  procedure  was  applied  on  an  area  of  the  Ser- 
chio  river  (Toscana.  Italy). 
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CLIMATE-TRIGGERED  VARIATIONS  IN  DUTOM  ASSEMBLAGES  IN 
A  PLEISTOCENE  LANDSLIDE-DAMMED  LAKE  IN  THE  VALLES 
CALCHAQUIES,  NW  ARGENTINA  (26“S,  66°W) 

A.B.  Muller.  M.H.  Trauth,  M.R.  Strecker 

Institut  fur  Geowissenschaften,  Universitat  Potsdam,  Germany 

mueller@geo.uni'potsdam.de 

Two  massive  rock  avalanches  dammed  a  lake  in  the  Valles  Calchaquies,  NW 
Argentina  about  35  kyr  BP.  In  order  to  evaluate  climate  as  a  major  influenttal 
factor  in  rock-avalanche  development,  varved  deposits  of  this  lake  have  been 
studied  in  great  detail.  The  1  to  10-mm-thick  varves  consisting  of  fme-grained 
detrital  material  are  topped  by  thin  layers  of  pure  white  diatomite.  From  diatom 
analyses  we  infer  a  significant  impact  of  climate-triggered  hydrological  and 
chemical  changes  on  tne  ecology  of  the  lake  ^stem.  During  the  wet  years 
characterized  by  an  enhanced  influx  of  reworked  re-rich  muds,  the  diatom  flora 
was  dominated  by  the  planktonic  species  Cyclotella  agassizensis  Hakansson. 
During  the  following  drier  years,  Aulacoseira  granulata  (Ehrenberg)  Stmonsen 
were  abundant.  For  these  dry  years  increasing  numbers  of  ^e  morphotype 
Aulacoseira  granulata  f.  curvata  are  observed.  According  to  modem  ecological 
observations  of  similar  species,  we  interpret  the  increased  Fe-supply  as  the  most 
likely  trigger  for  the  dramatic  increase  in  the  Cyclotella  population,  The  shifts 
towards  higher  numbers  of  the  curved  Aulacoseira  indicates  gradually  decreased 
Si  supply  in  the  water  body  during  the  dry  years.  These  climate-triggered 
changes  in  the  lake  ecology  show  mean  penoaicities  of  3-5  and  10-13  years 
suggesting  an  influence  of  the  El  Nino/Southem  Oscillation  teleconnection  and 
U-OTical  Atlantic  sea-surface  temperature  dipole.  These  climate  oscillators  also 
influence  modern  rainfall  but  with  different  intensity.  The  reconstruction  of  this 
interannual  rainfall  variability  is  of  great  importance  in  the  assessment  of  the 
role  of  climate  in  landslide  generation.  Moreover,  the  dynamics  of  the  paleo- 
lake  provides  important  constraints  for  a  lake  balance  model  (presented  in  this 
session). 


EARTHQUAKE  RELATED  LANDSLIDES  IN  GREECE 
G.  Papadopoulos 

Institute  of  Geodynamlcs,  National  Observatory  of  Athens^  11810  Athens, 
Greece,  g.papad@egelados.gein.noa.gr 

The  area  of  Greece  is  the  most  seismically  active  in  Western  Eurasia.  A 
large  number  of  strong  earthquakes  have  been  reported  to  cause  landslides 
and  other  ground  failures.  An  effort  has  been  made  to  compile  data  on 
earthquake  related  landslides  in  Greece  from  the  antiquity  up  to  the 
present  Preliminary  results  have  been  obtained  on  the  landslide 
characteristics,  the  maximum  epicentral  distance,  D,  at  which  they  may 
occur  as  a  function  of  the  earthquake  magnitude,  M,  and  the  frequency  of 
landslide  occurrence  as  a  function  of  M.  The  results  are  compared  with 
those  reached  at  other  regions  of  the  world  and  are  discussed  as  for  their 
value  for  seismic  and  landslide  hazards  assessment 


A  SEISMIC  LANDSLIDE  SUSCEPTIBILITY  RATING  OF 
GEOLOGIC  UNITS  BASED  ON  ANALYSIS  OF 
CHARACTERISTICS  OF  LANDSLIDES  TRIGGERED  BY  THE 
JANUARY  17, 1994,  NORTHRIDGE,  CALIFORNIA,  EARTHQUAKE 

M.  Parlse  (CNR-CERIST,  Bari,  Italy) 

R.W.  Jibson  (U.S.  Geological  Survey,  Denver,  Colorado,  USA) 

One  of  the  most  significant  geologic  effects  of  the  17  January  1994 
Northridge,  California,  earthquake  (Ivr=  6.7)  was  the  triggering  of  thousands 
of  landslides  over  a  broad  area.  Some  of  these  lanc^iides  damaged  and 
destroyed  homes  and  other  structures,  blocked  roads,  disrupted  pipelines, 
and  caused  other  serious  damage.  Analysis  of  ^e  distribution  and 
characteristics  of  these  landslides  is  important  in  understanding  what  areas 
may  be  susceptible  to  landsliding  in  future  earthquakes.  We  analyzed  the 
frequen^,  distribution,  and  geometries  of  triggered  landslides  in  the  Santa 
Susana  7.5'  quadrangle,  an  area  of  intense  seismic  landslide  activity  near  the 
earthquake  epicenter.  Landslides  occurred  primarily  in  young  (late  Miocene 
through  Pleistocene)  uncemented  or  veiy  weakly  cemented  sediment  that 
has  been  repeatedly  folded,  faulted,  and  uplifted  in  the  past  l.S  million 
years.  The  most  common  types  of  landslides  triggered  by  the  earthquake 
were  highly  disrupted,  shallow  falls  and  slides  of  rock  and  debris.  Far  less 
numerous  were  deeper,  more  coherent  slumps  and  block  slides,  primarily 
occurring  in  more  cohesive  or  competent  materials.  The  1,562  landslides  in 
the  Santa  Susana  quadrangle  were  divided  into  two  samples:  single 
landslides  (1,502)  and  landslide  complexes  (60),  which  involved  multiple 
coalescing  failures  of  surficial  material.  Landslide  morphologies  were 
described  by  computing  simple  mo^hometric  parameters  (area,  length, 
width,  aspect  ratio,  slope  angle).  To  quantify  and  rank  the  relative 
susceptibiliw  of  each  unit  to  seismic  landsliding,  we  calculated  the 
proportional  landslide  area  and  frequency  of  landslides  within  each  geologic 
unit.  Susceptibility  categories  include  Very  High  Susceptibility  (>  5% 
landslide  area  or  >  30  Is/km^,  High  Susceptibili^  (1-5%  ian^liae  area  or 
10-30  Is/km*),  Moderate  Susceptibility  (0.5-1%  landslide  area  or  3-10 
Is/kmO,  and  Low  Susceptibility  (<  0.5%  landslide  area  or  <  3  Is/km^. 


EARTHQUAKE-INDUCED  GROUND  FAILURES  IN  ITALY 
Roberto  Romeo 

Servizio  Sismico  Nazionale,  Rome  (Italy) 
e-mail:  romeo@ssn.dstn.pcm.it 

ABSTRACT. 

The  National  Catalogue  of  the  ground  Displacements  Induced  by 
strong  Earthquakes  in  Italy  (C.E.D.I.T.,  release  1.1),  is  here  presented. 
The  catalogue  contains  information  regarding  the  soil  displacements 
triggered  by  the  earthquakes  occurred  in  Italy  in  the  last  millennium 
with  a  nominal  epicentral  intensity  equal  to  or  greater  than  8  in  the 
MCS  scale.  The  catalogued  effects  are  the  following:  landslides, 
liquefaction,  surface  faulting  and  fractures,  topographic  changes  of  the 
ground  level  (subsidence,  settlements,  and  so  on).  Each  effect  is 
described  in  terms  of  seismological  parameters  of  the  triggering 
earthquake,  site  coordinates  and  administrative  code,  lithology  and 
kinematics  type  of  phenomenon.  The  historic  or  scientific  source 
referring  to  the  effect  is  always  preserved,  to  allow  a  retrieval  of  the 
deduced  phenomena. 


SEISMICALLY-INDUCED  LANDSLIDE  DISPLACEMENTS:  A 
PREDICTIVE  MODEL. 

Roberto  Romeo 

Servizio  Sismico  Nazionale,  Rome  (Italy) 
e-mail:  romeo@ssn.dstn.pcm.it 

ABSTRACT. 

A  model  for  predicting  earthquake-induced  landslide  displacements  is 
shown.  The  model  has  the  purpose  to  provide  a  simple  way  to  predict 
the  coseismic  displacements  affecting  a  sliding  mass  subject  to 
earthquake  loading.  Critical  accelerations  are  investigated  with  regard 
to  the  mechanical  soil  properties,  pore  pressure  distribution  and 
geometrical  configuration  of  the  slopes.  The  acting  seismic  forces  are 
investigated  in  terms  of  energy  radiation  of  the  source,  propagation 
and  site  effects,  based  on  190  accelerometric  recordings  coming  from 
17  Italian  earthquakes  with  magnitude  between  4.5  and  6.8. 

The  implemented  displacement  model  is  the  well-known  Newmark 
sliding  hoick  model,  improved  by  taking  into  account  the  degradation 
of  the  mechanical  soil  caracteristics. 


STUDYING  THE  SLOPE-PROCESSES  IN  SEISMIC-ACTIVE 
REGIONESWITH  THE  HELP  OF  REMOTE  SENSING 

V.D.  Skaryatin,  M.G.  Makarova,  Russia,  RUDN,  Ecology  department, 
EcoIogy@ns.eco.pfu.edu.  ru  T.J.  Zengina,  M.J.Nikitin,  Russia,  Moscow  State 
University,  Geografical  department,  gorshk@env, geogr.msu.su 

This  method  was  used  and  examined  at  4  objects  in  seismic-  active  regions  in  Middle 
Aisa  and  the  Caucasus  alpine  belt.  In  the  region  of  Haitskoye  earthquake  of  1949  in 
Middle  Aisa  the  mud-rock  flood  over-covered  the  settlement  Haite.  The  heigint 
sediment  there  is  about  40m.  After  the  earthquake  in  the  North  Caucasus  in  1970  the 
mudstream  darned  river  Sulak.  In  Dagestan  near  settelment  Mochok  was  formated  the 
mountain  lake  with  the  depth  of  70m  as  a  result  of  movement  of  the  huge  masses  of 
rocks.  The  formation  of  mud-torrent  was  stopped  by  engineer-geological  works.In  the 
region  of  DJavskoye  eathguake  in  South  Osetya  in  1991  river  Patsa  was  darned  by  the 
large  landslide  and  formated  lake  was  a  real  danger  for  the  settlement  Tshinval.  In  all 
these  cases  theodolitic  and  field  survey  was  made  and  aerial  survey  materials  obtained 
before  the  earthquakes  and  after  them  were  also  deciphered. 
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THE  ROLE  OF  CLIMATE  AS  A  PREPARATORY  OR  TRIGGERING 
FACTOR  IN  THE  GENERATION  OF  CATASTROPHIC  LANDSLIDES  IN 
NW  ARGENTINA 

M.H.  Trauth.  A.B.  MOIler,  M.R.  Strecker 

Institut  fiir  Geowissenschaften,  UniversitSt  Potsdam,  Germany 

trauth@geo.uni-potsdam.de 

In  seismically  active  regions  the  deposits  of  landslide-dammed  lakes  can  be 
used  as  natural  archives  for  past  seismic  activity  and  climatic  shifts  as  possible 
trigger  mechanisms  for  mass  movements.  Here  we  present  first  evidence  that  the 
temporal  clustering  of  landslides  in  NW  Argentina  could  be  related  to  both 
enhanced  humidity  and  seasonality.  First,  new  AMS  radiocarbon  data  from  the 
deposits  of  landslide-dammed  lakes  in  the  Valles  Calchaquies  (S26°  W66°)  and 
the  Que.  del  Toro  (S25°  W66°)  show  that  these  mass  movements  occurred 
during  the  Pleniglacial  wet  mriod  (40  -  25  kyr  BP).  During  this  time,  an 
intensification  of  die  South  Atlantic  anticyclone  and  a  meridional  contraction  of 
the  westerly  belt  lead  to  moderately  cold  and  relativelv  wet  conditions  as 
reported  from  other  paleoclimate  records.  Second,  detailed  analysis  (presented 
in  this  sessio^  of  annual-layered  lacustrine  strata  suggest  enhanced  mter-  and 
intraannual  fluctuations  in  precipitation.  These  variations  show  mean 
periodicities  of  3-5  and  10-13  years  suggesting  an  influence  of  the  El 
Nino/Southem  Oscillation  (ENSO)  and  Atlantic  sea-surface  temperature  dipole. 
The  Atlantic  dipole  slightly  increased  rainfall  every  10-13  years  as  today.  In 
contrast,  the  past  ENSO  influence  was  different  from  the  present-day  situation 
due  to  spatial  shifts  in  ENSO-related  rainfall  anomalies  in  South  America. 
Whereas  modem  rainfall  is  reduced  during  El  Nino  eve^  3-5  years,  the 
sedimentary  record  shows  strong  evidence  for  dramatic  rainfall  events  and  river 
discharge  with  ENSO-type  periodicites.  Both  increased  humidity  and  seasonality 
are  believed  to  reduce  thresholds  for  the  generation  of  catastrophic  mass 
movements  in  NW  Argentina. 


Influence  of  the  topographic  amplifications  under  dynamic 
loading  on  the  slope  stability. 


F.  Vanbrabant.  J.  A.  Fleurisson 

Centre  de  Geologie  de  I’lngdnieur,  Ecole  des  Mines  de  Paris. 
vanbrabant@ensmp.fr,  fleurisson@ensmp.fr 


The  evaluation  of  the  slopes  stability  under  dynamic  loading  requires 
the  determination  of  the  forces  of  inertia.  Up  to  now,  the  usual 
practices  (pseudostatic  or  Newmark  methods)  consider  an  uniform 
distribution  of  these  forces  within  the  slope.  In  reality,  forces  of  inertia 
vary  locally  within  the  slope,  and  result  from  the  interferences  between 
the  incident  waves  and  the  various  waves  reflected,  refracted  and 
diffracted  on  the  topography  and  the  internal  geological  structures.  At 
the  surface,  these  interferences  produce  amplifications  in  the  crest 
(topographical  site  effects),  loading  to  easier  shallow  instabilities.  In 
the  case  of  deep-seated  slides,  the  distribution  of  the  forces  of  inertia 
has  been  studied  as  a  function  of  the  slope  angle,  the  Poisson  ratio  and 
the  frequencies  of  the  incident  signal.  Transfert  functions  have  been 
built  for  computing  the  mean  accelerations  to  apply  to  the  potential 
unstable  mass. 


Monitoring  Aseismic  Slope  Activity  in  Northern 
Israei:  A  Key  to  the  Comprehensive  Assessment  of 
the  Seismic  Triggering  of  Landsiides. 

Gilles  H.  Wust  and  Daniel  Wachs 

Geological  Survey  of  Israel,  95501  Jerusalem,  Israel 

(hillel®  mail.gsi.gov.il) 

Intense  seismic  activity  on  steep,  unstable  slopes,  combined 
with  abundant  rainfall  contribute  to  increase  the  present 
vulnerability  of  populations  and  infrastructures  in  northern 
Israel  as  well  as  neighboring  areas.  Multi-disciplinary 
monitoring  of  the  non-seismic  activity  of  unstable  slopes  is 
the  first  step  towards  the  prediction  of  their  potential  co- 
seismic  behavior.  Located  in  an  area  known  for  its  current 
instability  and  past  sensitivity  to  earthquakes,  the  research 
site  consists  of  a  dip-slope  landslide  in  which  marls  and 
chalks  fail  on  bituminous  shales.  Monitoring  rainfall,  water 
table  level  fluctuation,  surface  and  subsurface  displacement 
and  radon  emission  during  the  last  24  months  has  led  to  the 
quantification  of  the  present  aseismic  slip  rate  and 
deformation  of  the  landslide.  Results  show  that  the  landslide, 
whose  slip  surface  lies  permanently  below  the  water  table,  is 
unaffected  by  rainfall,  and  slips  in  pulses  which  could  be 
significantly  enhanced  by  future  seismic  loads. 


EFFECT  OF  SEISMIC  DISLOCATIONS  ON  DEVELOPMENT  OF 
EARTHQUAKE  INDUCED  LANDSLIDES 

Oleg  V.  Zerkal 

(Federal  Centre  of  Geoecological  Systems,  Moscow,  Russia) 
postma5ter@ipofcgs.msk.ni,  fax  (095)  176-26-75 

The  earthquake  induced  landslides  are  one  of  the  types  of  seismic  dislocations. 
Therefore,  along  with  traditional  methods  of  slope  stability  analysis,  the  study  of 
earthquake  induced  landslides  should  include  die  estimate  of  the  effect  of  the 
dynamic  factor  at  seismic  impact  as  well  as  that  of  the  other  types  of  seismic 
dislocations  on  the  slope  stability. 

Studies  in  the  Gissar  village  area  (Tajikistan)  using  traditional  methods  to  estimate 
the  slope  stability  have  evidenced  no  landslide  danger.  However,  in  the  1989  Gissar 
earthquake  has  triggered  four  seismically-induced  landslides.  The  field  studies  the 
said  Iwdslides  in  the  epicentral  zone  of  the  1989  earthquake  has  demonstrated  that 
the  catastrophic  slope  movement  had  been  preceded  by: 

-  the  formation  of  a  system  of  seismic  ruptures  which  have  disturbed  the  slope  mass 
continuity; 

-  liquefaction  of  heavily  wetted  loesses  sensory  to  dynamic  effect  of  the  slope  tacks. 
Both  the  physical  modelling  and  mathematical  simulation  have  enabled  one  to 
specify  the  causes  and  mechanism  of  development  of  seismically-induced  landslides 
in  1989. 


MASS  MOVEMENT  AND  SEISMIC  HAZARDS  IN  CARAMANICO 
TERME  HTALY);  SOME  LINKS 

J.  Wasowski  (1)  and  V.  Del  Gaudio  G) 

(1)  Cnr-Cerist  Bari,  Italy,  wa50wsk(@area.ba.cnr.it;  Fax:  +39-80-5567944 

(2)  Dipartimento  Geologia  e  Geofisica,  UniveisitS  di  Bari;  scigeddi@tno.it 

Mass  movements  and  earthquakes  represent  two  major  geologicai  hazards  in 
the  municipal  territory  of  Caiamanico  (south-central  Apennines).  Most  of 
the  recent  damaging  landslides  can  be  associated  with  periods  of  prolonged 
precipitation,  represent  remobilizations  of  older  slides  and  exhibit  low 
velocity.  Thus  their  space  distribution  may  be  predicted  and  the  temporal 
occurrence  anticipated  in  reference  to  tainfall/groundwater  monitoring.  This 
means  that,  despite  their  considerable  size  and  frequency  (resulting  in  large 
economic  losses),  the  rainfall-driven  movements  represent  a  low  risk  to 
humans.  The  slope  failure  hazard  in  relation  to  earuiquake  triggering  has 
received  little  attention  althou^  the  seismicity  of  the  area  is  high.  The 
intensities  up  to  IX  degree  ^ICS)  were  estimated  for  two  historic  events 
(1456  and  1706),  whereas  intensity  VII-VIII  was  reached  twice  in  this 
centuty.  Seismic  hazard  evaluations  indicate  that  intensiw  and  PGA  have 
10%  probability  to  exceed  respectively  the  thresholrls  of  VUI  and  0.2  g  in  50 
years.  The  contemporaneous  occurrence  of  seismic  shocks  and  landsliding 
was  registered  on  three  occasions  in  the  last  four  centuries  (1627,  1706, 
1984).  These  events,  with  local  intensities  ranging  from  VI  to  IX  generated 
mass  movements  varying  from  a  full-scale  multiple  rotational  slope  failure 
to  rock/debris  falls.  They  all  occurred  in  the  southern  periphery  of  the  town, 
where  the  debris-mantled  hillslopes,  underlain  by  overconsolidated 
mudstones,  are  capped  by  up  to  100  m  thick  carbonate  megabreccias.  After 
examining  the  1984  event,  which  produced  several  lockfalls  (with  some  car¬ 
sized  blocks  reaching  the  roads  and  inhabited  area),  this  paper  rlraws 
attention  to  the  rockfall  hazard.  Although  an  accurate  definition  of  tockfali 
susceptible  areas  can  be  derived  from  a  site-specific  geological/geotechnical 
investigation,  the  possibility  of  seismic  triggering  complicates  the  prediction 
of  the  temporal  occurrence.  The  probabilistic  estimates  of  future  events  may 
be  of  limited  practical  value  to  local  administrators  concerned  with  short¬ 
term  hazard  reduction. 
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EMPIRICAL  DETERMINATION  OF  BARCELONA’S  BUILDINGS  NATURAL 
PERIODS  BY  USING  BACKGROUND  CULTURAL  NOISE 

I.O.  Caselles  (1),  F.  Espinoza  0.2).  L.G.  Pujades  (1),  I.A.  Canas  (3)  y  I.  Ctapds  (1) 
(l)Universidad  Politdcnica  de  Cataluiia  (UfC).  Barcelona,  Spain.  (2)  Universidad  Au- 
tdnoma  de  Baja  California  (UABC).  Ensenada,  B.C.,  Mdxico.  (3)  Instituto  Geogrdiico 
Nacional  (IGI^.  Madrid,  Spain.  e_inaii:  espinoza@etseccpb.upc.es/Fax:  (93)4016304. 

For  structural  design  purposes,  seismic  codes  specify  formulas  to  estimate 
fundamental  vibration  periods  of  the  buildings.  It  is  important  to  adapt  these  empirical 
formulas  to  local  constructive  characteristics  where  will  be  applied.  In  Barcelona, 
Spain,  we  are  performing  seismic  risk  studies.  An  important  input  for  a  correct  seismic 
risk  assessment  are  the  fundamental  periods  of  the  buildings.  We  have  used 
background  cultural  noise  as  a  source  of  excitation  and  we  have  recorded  the 
huilding's  response.  The  records  have  been  taken  in  the  uppermost  part  of  the 
buildings.  Our  goal  is  to  obtain  an  empirical  formula  linking  fundamental  period  to 
some  building's  characteristics  like  constructive  typology,  dimensions,  number  of 
stories,  height  and  others.  We  present  preliminary  results  obtained  from  the 
measurements  performed  in  more  than  SO  buildings  corresponding  to  the  main 
constructive  typologies  of  Barcelona. 


SEISMIC  BISK  STUDIES  IN  BARCELONA,  SPAIN 

U.  Mena  (1),  L.  G.  Pujades(l),  J.  A.  Canas(2)  and  F.  Ldpez-Almansa(l) 

(I)  Technical  University  of  Catalonia.  Geotechnical  Engineering  and  Geosciences 
Department.  (2)  Instituto  Geogrdfico  Nacional 

A  methodology  to  evaluate  the  vulnerability  and  seismic  risk  of  existing  buildings 
in  an  urban  area,  within  a  probabilistic  scheme,  is  developed.  It  uses  numerical 
procedures  to  evaluate  the  non-linear  seismic  behaviour  of  structures,  on  an 
optimized  sampling  method  and  probabilistic  models  for  the  description  of  the 
obtained  results.  This  method  provides  occurrence  probabilities  for  different 
damage  levels  of  the  structures,  corresponding  to  a  given  exposure  perirxi.  The 
problem  is  also  analyzed  from  an  economical  point  of  view:  annual  losses  and 
minimum  earthquake  insurance  taxes  are  evaluated.  Finally,  the  proposed  method 
is  applied  to  the  assessment  of  the  seismic  risk  of  the  Barcelona  city,  Spain,  where 
most  of  the  existing  buildings  are  of  unreinforced  masonry  or  non-ductile  reinfor¬ 
ced  concrete. 


NATURAL  FREQUENCIES  OF  STRUCTURES  BASED  ON  SIMPLIFIED 
IN  SITU  MEASUREMENTS 

Carlos  Sousa  Oliveira  (I). 

(1)  Departamento  de  Engenharia  Civil,  Instituto  Superior  Tdcnico. 

The  recent  development  of  digital  accelerometric  instrumentation  which  allows  a 
simple  utilization,  processing  and  interpretation  of  results,  has  permitted  to  launch 
a  campaign  to  determine  natural  frequencies  of  vibrations  of  a  large  variety  of 
different  types  of  structures. 

The  measurements  of  ambient  noise,  that  excites  the  structures,  are  made  in 
different  locations  with  a  single  3-D  instrument,  and  natural  frequencies 
corresponding  to  the  lowest  modes  of  vibration,  and  their  damping  characteristics 
are  easily  identified. 

Over  250  structures,  among  which  are  included  buildings  of  different  types  and 
heights,  bridges,  old  monuments,  elevated  water  tanks,  etc.,  were  already  tested, 
giving  rise  to  a  databank  of  information.  To  illustrate  the  interest  of  the  date,  a  few 
examples  of  correlation  of  frequencies  with  geometric  properties  of  structures  are 
given. 


PROBABILISTIC  APPROACH  TO  BUILDING  CODE  CONSTRUCTION. 
V.Yu.Sokolov  (I) 

(l)LenhydrOTroject,  pr.  Ispytateley  22,  StPetersburg,  RUSSIA  197227 
E-mail;  vus@info.rasl.spb.ru 

Design  seismic  forces  depend  on  peak  ground  acceleration  values  (PGA)  and  on 
shape  of  design  spectrum  (DS)  curve  dictated  by  Building  Codes. 

Underestimation  of  PGA  or  wrong  evaluation  of  DS  shapes  may  cause  great 
damage  of  strucnires.  These  characteristics  strictly  depend  on  earthquake 
magnihide  and  distance,  as  well  as  on  regional  and  local  geological  conditions.  At 
present  there  is  no  doubt  that,  instead  of  standard  DS  curves,  it  is  necessary  to 
construct  so-called  "site-specifics’'  design  spectra  reflecting  influence  from 
different  magnihide  event  at  different  distances  that  may  occur  during  the 
construction  life  period. 

Probabilistic  seismic  hazard  assessments  in  terms  of  wound  motion  Fourier  and 
response  spectra  allow  us  to  account  for  both  regional  features  of  seismic  waves 
exciution  and  propagation,  as  well  as  local  geological  conditions. 

It  is  posible  to  construct  Design  Spectrum  curves  for  different  return  period 
(probability  of  exceedence)  considering  ordinary,  public  and  critical  structures.  In 
this  paper  the  comparisons  between  probabilistic  "region  &  site-specific"  and 
standard  Design  Spectrum  curves  are  shown  for  territories  characterized  by 
different  seismicity  and  tectonics;  the  South  Caucasus  (Armenia,  Spitak)  and 
Turan  Plate  (Central  Asia,  Gazli). 


COMPARISON  OF  LOSSES  BEFORE  AND  AFTER  SEISMIC  RESISTANT  CODES: 
APPLICATION  TO  AN  URBAN  AREA 

Maria  Lufu  Sousa  (I).  Alfredo  Campos-Costa  (2).  Carios  Sousa  Oliveira  (3) 

Centro  de  Emdos  e  Equipamento  de  Eng.  Sfsmica.  Lab.  Nacional  de  Eng.  Civil.  (2)Centro  de  Estudos  e  Equipoinento 
de  Eng.  Stsmica.  Laboraidrio  Nacional  de  Eng.  Civil.  (3)  Departamento  de  Engenharia  Qvil.  Instituto  Superior 
Tdcnico. 

Earthquake  losses  affecting  a  given  stock  of  buildings  in  an  urban  area  are  analysed 
estimating  the  probability  distribution  of  losses.  A  comparison  of  losses  is  made  for  two 
categories  of  buildings:  (i)  the  ones  constructed  before  the  existence  of  seismic  resistant 
building  codes  and  (ii)  the  others  constructed  after  their  implementation.  Probabilistic 
methods  for  evaluation  of  seismic  losses  are  used  taking  into  account  both  (i)  the  seismic 
hazard  in  the  area  and  (ii)  the  seismic  vulnerability  and  fragility  of  the  existing  building  stock 
under  consideration.  The  probabilistic  distributions  of  hazard  and  vulnerability  are  convolved 
and  weighted  by  spatial  distribution  of  building  inventory.  Hazard  estimation  is  based  on  a 
standard  approach  involving  the  evaluation  of  a  seismic  source  model,  the  recurrence  model 
and  the  attenuation  of  macroseismic  intensities  taking  into  account  local  soil  geology. 
Vulnerability  (mean  damage  ratio)  for  difrerent  typologies  that  take  into  account  the  age, 
type  of  construction  and  height,  was  modelled  as  a  function  of  the  seismic  coefficient;  five 
typologies  before  the  first  seismic  resistant  code,  two  after  its  implementation  and  two  after 
the  application  of  the  most  modem  seismic  code.  For  each  typology,  a  mean  damage  ratio, 
function  of  seismic  coefricient  and  macroseismic  intensity  was  adopted.  For  each  typology  a 
lognormal  distribution  was  considered  to  characterize  the  observed  randomness  of  damage 
values,  given  the  occurrence  of  a  macroseismic  intensity  (fragility.  The  probability  of  losses 
is  obtained  for  several  reference  time  intervals  by  convolving  hazard  and  fragility 
distributions.  To  illustrate  the  developed  method,  application  to  difrerent  parishes  in  the  city 
of  Lisbon  is  made.  For  each  parish  the  soil  condition  and  the  distribution  of  building  types  is 
known.  The  probability  distribution  of  losses  is  evaluated  for  individual  parishess  or  groups 
of  parishes  taking  into  consideration  the  analysis  of  uncertainties  of  the  most  important 
parameters. 


C146 


NH3  Earthquake  risk  mitigation  (co-sponsored  by  SE) 
07  Seismic  microzonation  in  urban  areas 

Convener:  Roca,  A. 

Co-Convener:  Oliveira,  C.S. 


EUROSEISMOD  LESSONS  FOR  MICROZONING  STUDIES 
Euroseismod  group  and  P.-Y .  Bard 

Laboratoire  de  Geophysique  Interne  et  Tectonophysique,  Observatoire  de 
Grenoble,  BP53X,  38041  Grenoble  Cedex,  France. 

EUROSEISMOD,  a  European  project  gathering  16  teams  from  6  countries, 
includes  as  one  of  its  major  aims  the  test  of  various  routine  or  state-of-the 
art  methods  for  site  effect  analysis,  to  be  used  in  particular  in  microzonation 
studies.  This  presentation  will  focus  on  the  main  lessons  of  this  project. 

Based  on  data  from  a  very  well  known  test-site  located  in  the  Mygdonian 
graben  30  km  east  of  Thessaloniki,  as  well  as  on  a  few  other  sites,  a  thorough 
comparison  was  performed  on  various  methods  proposed  to  infer  site  ampli¬ 
fication  functions  from  instrumental  recordings:  the  main  conclusions  will  be 
presented,  especially  those  concerning  the  so-called  "Nakamura’s”  technique. 
A  benchmark  test  was  also  organized  to  compare  various  modelling  techniques 
providing  numerical  estimates  of  site  effects.  The  results  of  ID  linear,  ID  linear 
equivalent,  ID  non-linear,  and  2D  linear  models  will  be  presented,  through  a 
comparison  of  their  respective  estimates  of  "engineering”  parameters  such  as 
peak  or  rms  acceleration,  average  horizontal  spectral  amplification,  and  dura¬ 
tion.  The  effect  of  input  parameter  uncertainties  was  also  addressed  through 
Monte-Carlo  analysis. 

Finally,  as  the  project  also  includes  partial  microzoning  studies  in  various  cities 
(Lower  Tagus  area,  Barcelona,  Nice,  Grenoble,  Liege,  Benevento  and  Thessa¬ 
loniki),  several  examples  will  be  presented  in  order  to  support  a  proposal  for  a 
microzoning  methodology. 
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SEISMIC  HAZARD  ASSESSMENT  OF  THE  TERRITORY  OF  LENINAKAN 
(NOWGYUMRLREPUBLIC  of  ARMENIA)  BY  MEANS  OF  THE  METHOD 
OF  HIGH-FREQUENCY  MICROSEISM  REGISTRATION 

H.  Abrahamvan.  G.  Mkrtchyan 

Institute  of  Geophysics  and  Engineering  Seismology  NAS  RA 
iges@shirak.am 

After  the  disastrous  Spitak  earthquake,  which  took  place  on  December  7,  1988 
(M=7.0),  the  problem  of  seismic  microzonation  of  the  territoiy  of  Leninakan  and 
neighbouring  settlements  arose.  We  had  set  a  task  -  to  draw  up  a  seismic  hazard  map 
forthe  territoiy  of  Leninakan  by  means  of  high  frequency  microseism  registration  only. 
Observation  stations,  the  total  number  of  which  was  about  300,  were  chosen  proceeding 
from  the  degree  of  building  destruction,  and  not  from  the  engineering-geological 
conditions  of  the  given  territory.  Thus,  they  spread  all  over  the  town  and  neighbouring 
settlements.  With  the  purpose  of  evaluating  the  Spitak  earthquake  intensity  in 
Leninakan  raacroseismic  investigations  were  carried  out.  The  degree  of  damage  of 
buildings  and  constmctions  was  evaluated  according  to  MSK-64  scale.  The  earthquake 
intensity  in  the  town  was  equal  to  8,9,10.  We  composed  the  seismic  hazard  map  of  the 
territoiy  of  Leninakan  by  means  of  the  method  of  high-frequency  microseism 
registration  and  compared  with  the  1)  map  of  the  Spitak  earthquake  intensity  in 
Leninakan  drawn  up  according  to  macroseismic  data;  2)  map  of  seismic  microzonation 
of  the  territory  of  Leninakan  drawn  up  by  means  of  the  complex  method.  Now  it  is  safe 
to  assert  that  the  composed  by  us  map  has  justified  itself,  as  the  distinguished  zones  of 
potential  seismic  intensity  turned  out  to  be  quite  corresponding  to  the  areas  of  display 
of  analogous  seismic  influence  intensity.  In  fact,  reliability  of  the  proposing  method  for 
the  given  territory  is  proved  by  practice. 


PRELIMINARY  MAP  OF  SOIL  PREDOMINANT  PERIODS  IN  BARCELO¬ 
NA  BY  USING  MICROTREMORS 

A.  Alfaro  (1),  X.  Goula  (2),  T.  Susagna  (2),  L.G.  Pujades  (1),  M.  Navarro  (3),  I. 
Sdnchez  (3)  and  I.  A.  Canas  (4). 

(1)  Technical  University  of  Catalonia.  Geotechnical  Engineering  and  Geosciences. 

(2)  Geological  Survey.  Institut  Canogrific  de  Catalunya.  Barcelona.  Spain.  (3) 
Applied  Physics  Department.  University  of  Almerfa.  Almeria.  Spain.  (4)  Instituto 
Geogrdfico  Nacional. 

In  order  to  evaluate  soil  effects  in  the  urban  area  of  Barcelona,  the  Nakamura's 
technique  has  been  used  to  estimate  the  predominant  periods  of  soils.  The  measu¬ 
rements  were  performed  at  200  sites,  by  using  an  accelerograph  and  a  velocimeter. 
Predominant  periods  greater  than  0.8  s  are  obtained  in  areas  with  consolidated 
sediments,  named  “Tricicle”.  Values  in  the  range  between  0.5  and  0.9  s  are 
obtained  for  Llobregat  deltaic  deposits.  On  the  other  hand,  Besbs  deltaic  deposits 
present  higher  periods  than  Llobregat  delta  and  in  some  zones  surrounding  the 
outcrop  rock,  predominant  periods  between  0.10  and  0.40  s  are  observed.  In  the 
outcrop  areas  we  obtained  periods  lower  than  0. 10  s.  In  this  work,  the  resulting 
preliminary  map  of  predominant  periods  is  presented.  In  some  districts,  the 
evaluated  predominant  periods  show  a  reasonably  good  agreement  with  the 
geological  typologies  and  the  sediment  thickness;  other  factors  may  affect  the 
results  in  other  sites. 


STUDY  OF  SITE  EFFECTS  IN  THE  AREA  OF  NOCERA  UMBRA  (CENTRAL 
ITALY)  DURING  THE  1997  UMBRIA-MARCHE  SEISMIC  SEQUENCE 

Bellucci  F.  (1).  A  Casetta  fU.  G-  Cnltrera  (1),  S.  Donati  (1),  F.  Marra 
(I).c.  Mele  (1),  B.  Palombo  (1).  A.  Rovelli  (1) 

(1)  Istituto  Nazionale  di  Oeofisica,  Rome,  Italy 
cascrta@mg750.ingrm.it 

The  town  of  Noeera  Umbra  and  neighbouring  villages  were  severely 
damaged  by  the  September  26,  1997  earthquake  at  09:40  (GMT)  and  its 
largest  aftarshocks.  In  order  to  investigate  the  role  played  by 
geological  conditions  and  topography  on  the  level  of  damage.  5  seismic 
portable  stations  were  used  to  monitor  8  sites.  The  studied  area 
includes  the  transition  zone  from  the  Recent  sedimentary  filling  of  the 
Toplno  River  valley  and  the  outcropping  unit  of  Umbiia-Marche 
catbonatic  sequence,  which  constitutes  the  hill  where  the  historical 
centre  of  the  town  stands.  Mote  than  300  three-component  recordings 
were  selected  to  quantify  the  variation  of  ground  motions  recorded  by 
the  sutions.  All  the  analysis  methods  (spectral  ratios  using  bedrock 
representative  motions,  and  horlzonul-to-venlcal  spectral  ratios  for 
both  ambient  noise  and  earthquakes)  provide  consistent  resuiu.  In 
addition  to  the  expected  amplifications  on  soft  sedimentary  bodies, 
peculiar  site  effects  due  to  topographic  iriegulaiities  have  been 
quantified. 


SEISMIC  ZONATION  AND  ACTIVE  TECTONICS  OF  THE  URBAN 
AREA  OF  FLORENCE  OTALY). 

Boccaletd  M.  (1).  Coni  0.  (l),  Gaspeiini  P.  (3),  i.  m.  Vanni  Desideri  A. 

(2),  Vannini  0.  (2),  Vannucei  0.  (IhClemenie  S.  (1) 

(1)  Dipaitimento  di  Sdenze  ddla  Terra,  Univetalth  di  Firenze,  (2)  Dipaitiinento  di 
Storia,  Univeisith  di  Firenze,  (3)  Dipartimento  di  Oeofisica,  Univeisith  di  Bologna 
piccazdiOgeo.unifi.itfFax:  00, 39, 55. 2302302  -  218628 

The  city  of  Florenee  has  •  concentrafion  of  cultural  and  artiatic  partimony  unique  in 
the  world.  For  this  reason  it  has  a  great  'expoeition*.  In  Oder  to  analize  the  seismic 
risk  of  the  uihan  aiea  of  Florence,  we  have  peifimned  a  muiddisciplinar  study.  In 
particular,  studying  historical  seismic  sources  and  leelaborating  local  macrosdsmic 
intensity  on  the  aid  of  specific  algorithms,  we  lealized  an  example  of  seismic 
zonation  for  the  city  of  Floieoce  relatively  to  the  shocks  of  18  May  1895  and  29 
lune  1919.  Datas  ate  imptemented  by  studies  at  difibient  scales  of  die  active 
tectonics  and  active  faults  of  the  lourrondings  of  Florence.  Funhennore.  also 
historical  evolution  of  the  city  has  been  examined  and  integrated  in  this  study.  Such 
an  interdisciplinary  approach  is  necessary  because  of  the  rich  artistic  patrimoaiy  of 
the  mty,  where  'vulnendiility*  varies  from  zone  to  zone. 
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SEISMIC  MICROZONATION  IN  GRENOBLE  (FRANCE) 

LeBrun  B.,  D.  Hatzfeld  and  P.-Y.  Bard 
LGIT,  BP  53X,  38041  GRENOBLE  cedex  9,  FRANCE. 
Benolt.LebrunCobs.ujf-granobla.fr/Fax:  33  476  82  81  01 
The  earthquakes  in  Mexico  (1984)  and  Kobe  (1993)  showed  that  the  damages 
observed  on  buildings  can  vary  significantly  in  very  short  distances.  As  there 
is  no  evidence  that  these  spatial  variations  are  due  to  differences  in  structure 
resistance  we  think  that  there  is  a  difference  in  the  ground  motion.  The  problem 
in  urban  area  is  that,  most  of  the  time,  the  mechanical  characteristics  of  the 
soil  are  poorly  known  and  that  the  seismic  noise  level  is  high.  Then,  one  have 
to  develop  new  procedure  to  determine  seismic  risk  in  urban  areas. 

In  this  aim,  we  ran  an  experiment  in  the  town  of  Grenoble  (France)  for  10 
month  between  april  1995  and  January  1996.  We  installed  10  stations  in  15 
sites.  We  recorded  28  events  with  magnitude  from  1.8  to  8  with  epicentral 
distances  from  10km  to  several  thousands.  The  recording  was  continuous  to 
record  all  the  events. 

We  first  use  the  spectral  ratio  with  a  reference  station  (CSR)  to  obtain  the 
transfer  function  of  the  site  at  some  points.  Then,  we  used  the  horizontal  over 
vertical  spectral  ratio  calculated  with  noise  records  (HVNR)  to  make  a  map  of 
the  frequency  of  amplification  in  the  whole  town.  Last,  we  used  the  empirical 
Green’s  function  method  to  try  to  determine  the  effect  of  strong  motion  by 
using  small  events. 

All  the  results  are  very  coherent  and  we  can  propose  a  procedure  to  make  a 
microzonation  of  urban  areas,  by  using  successively  these  methods. 


SEISMIC  ZONATION  OF  SARCEIONA  BASED  III  PSELININASY  SITE  SPECIFIC  RESPONSE 
SPECTRA 

■I.CId  (1,2),  T.Sutsgna  (1),  X.Gouls  (1),  l.Chsvsrrfs  (1),  S.FIguerat  (t), 
J.FIett  (1),  A. Caul  (3),  A. Roes  (1) 

(1)  Iintltut  CartogrlFIc  de  Cstslinya,  (2)  AJuntanent  da  Sarcetona.(3> 

Univeraltat  da  Barcelona. 

a-natl;  tauaagnaSiee.aa,  Fax:  34-3-42A7442. 

The  city  of  Barcelona  la  located  at  the  Mediterranean  coast,  on  the  pediment 
of  the  Catalan  Coastal  Ranges.  Different  materlala  can  be  recognised: 
Paleozoic  and  Tertiary  materials.  Pleistocene  terralru  compoaed  of  thin 
consolidated  aedlmenta,  and  thick  Holocene  depoalta  from  the  Beaoa  and 
llobregat  rivers. To  take  Into  account  possible  local  effects  due  to  the 
pretence  of  tadinenta,  telamic  retponae  of  several  sites  In  different 
dlatricta  have  been  cceputed.  Far  these  sites  an  interactive  data  bate  hat 
been  implemented  Nith  the  usual  geotechnical  parameters  obtained  from  drilling 
for  building  and  infrattructure.  After  a  revieu  of  published  empirical 
corrtlatlona  betueen  geotechnical  and  dynamical  paremetert,  the  moat .adequate 
relation  to  the  toll  conditions  of  tha  zone  hat  been  used.  An  eatlnietlon  of 
the  depth  of  the  Paleozoic  bttement  has  been  obtained  from  an  Inversion  of  a 
detailed  gravity  survey.  Future  dynamic  teats  and  geophysical  proapectton  ulll 
contribute  to  Improve  these  values.An  Input  motion  of  0.04  g  has  been  applied 
according  to  the  value  considered  In  the  Spain  Seismic  Code  (HCSE-94>. 
Transfer  functions  have  been  confuted  for  all  the  sites  using  a  10  equivalent- 
linear  code.  Great  amplifications  rising  values  of  4  appear  for  periods  less 
than  1.5  a.  In  particular  the  highest  amplifications  have  been  obtained  at 
high  frequencies  near  to  10  Hz  In  the  districts  characterised  by  thin 
deposits.  Preliminary  site  specific  response  spectra  characterising  different 
zones  of  the  city  are  proposed. 


MICROZONATION  OF  THE  LISBON  TOWN:  A  THEORETICAL 
APPROACH 

P.  Teves-Costa  (1),  I.  Moitinho  (2)  and  1.  Looes  (2) 

(l)Centro  de  Geofisica,  Lisbon  University,  (2)  Centro  de  Geologia,  Lisbon 
University 

ptcosta@fc.uI.pt/ Fax;  -l-SS  1-1-395-3327 

In  areas  with  low  seismicity  it  is  very  difficult  to  implement  microzonation 
techniques  based  on  natural  seismicity.  Also,  for  uiban  areas,  it  is  not  easy  to 
perform  seismic  experiments.  Only  a  few  methods  can  be  easily 
implemented  as  microtremor  measurements  or  theoretical  approaches.  In 
order  to  estimate  the  seismic  behaviour  of  the  Lisbon  town,  a  theoretical  ID 
linear  approach  is  undertaken  for  the  entire  town.  Geological  profiles  have 
been  p^ormed,  alraig  the  east-west  direction,  500  meters  spaced.  These 
profiles  were  based  on  the  existing  geological  map,  scale  1:10  000,  and 
complemented  with  new  information  collected  from  recent  geological  and 
geotechnical  boreholes.  The  physical  parameters  introduced  in  the 
theoretical  model  Were  obtained  from  (i)  specialised  literature,  (ii)  seismic 
eiqjeriments  and  (iii)  laboratoiy  tests.  These  results  are  presented  for  the 
northeast  part  of  the  town  and  compared  with  other  microzonation  maps 
obtained  using  (i)  microtremors  measurements  and  (ii)  impedance  contrasts. 


COMPARATTVE  STUDY  OF  MICROTREMOR  ANALYSIS  METHODS 
r>  Diapniirta.s  A.  Tzanis  and  K.  Makropoulos 

Department  of  Geophysics  &  Geothermy,  University  of  Athens,  Panepistimi- 
oupolis,  157  84  Athens,  Greece. 

During  a  multidisciplinary  microzonation  pilot  project  in  the  city  of  Heraklion 
(Crete,  Greece),  microtremor  data  were  collected  near  exploratory  boreholes 
specifically  designed  for  the  purposes  of  the  project,  over  a  period  of  5days, 
for  4  h/day  at  125Hz  (continuous  recordings).  The  data  were  analysed  with 
the  SSR  and  H/V  Ratio  techniques,  using  the  standard  FFT  (appli^  to  long 
data  series)  and  a  Multi-variate  Maximum  Entropy  (MV-MAXK4T)  spectral 
analysis  method.  Both  techniques,  implemented  with  both  spectral  analysis 
methods,  identify  the  same  major  resonance  fiequency  band,  albeit  with  dif¬ 
ferent  amplification  levels.  The  MV-MAXENT  however  is  effective  in  han¬ 
dling  short  data  lengths  while  yielding  high  resolution  spectra  and  addressing 
several  shortcomings  of  the  conventional  FFT  (windowing,  zero  padding  etc.). 
Thus,  it  yields  competitively  similar  results,  with  only  a  fraction  (a  few  min¬ 
utes)  of  tile  data  required  by  the  lower  resolution  (F^  method  and  appears 
to  be  a  powerful  tool  for  site  effect  investigations.  Moreover,  the  results  of 
both  microtremor-based  techniques  ate  consistent  and  remaikably  similar  to 
the  results  of  microzonation  mefoods  that  requite  (expensive)  borehole  data. 


SITE  EFFECT  DETERMINATION  IN  NICE,  FRANCE  (GEMTTIS  PROJECT) 

A.-M.  Duval'.  J.-F.  Semblat',  J.-P.  MEneroud' 

'CETE  MEdiieiranfe,  Nice,  France  *LCPC,  Paris,  Fiance 

Although  Irench  Riviera  has  a  laiher  moderate  seismicity  late,  a  strong  seismic  event  is 
expected  mainly  firm  Genova  Gulf  (M=^  30  km  lar  from  seashore).  As  CBTE 
M^tmanEe  is  based  in  Nice  and  thanks  to  our  ingxxtant  gcologica]  knowledge  of  the  city 
soil,  it  was  decided  to  make  of  our  own  town,  our  ^  experimental  field  for  seismic  hazard 
assessment.  Hence,  as  concerned  with  site  effect,  different  experimental  and  numerical 
methods  are  used  on  same  sites.  As  for  many  other  towns,  the  more  densely  populated 
districts  of  the  city  lay  over  alluvial  fillings.  A  first  survey  (1984)  allows  to  determine 
regional  hazard  and  to  recognise  several  geotechnical  areas  that  might  have  different 
response  to  eailhquake.  Then,  during  one  year  (1992)  seismicily  was  lecoided  on  4  sites 
where  seismic  amplification  could  occuired  Indeed,  above  the  main  alluvial  filling,  spectral 
amplification  reached  20  foe  low  fiequency  as  coiigxucd  to  rock  station.  Transfer  fiincdon 
arc  very  inleiesiing  for  it  shows  that  soil  fiequency  and  amplitude  leqxtnse  is  totally  linked 
to  alluvion  depth.  The  present  installation  of  5  acceleromelric  stations  approximately  at  the 
same  sites  should  answer  to  numerous  questions  concerning  linearity  of  site  effect  if  a  strong 
motion  is  lecotded  Beside  eailhquake  leccxd,  microtremor  techniques  were  also  intensively 
explored  Background  noise  stability  was  studied  both  on  time  and  on  spatial  domain.  It 
allowed  to  verify  spectra  variations  during  the  day,  but  the  siaprising  stability  of  horizontal 
to  vertical  spectral  ratios  in  time.  The  ability  of  this  ratio  to  deliver  resonance  fiequency  of 
soil  was  also  demonstrate.  Results  were  plotted  as  maps  of  fiequency  and  relative 
amplification.  Numerical  20  simulations  are  also  performed  over  alluvial  filling  thanks  to 
C3ESAR-IJCPC  code  which  is  based  on  finite  and  boundary  element  method  Finally  all 
techniques  ability  will  be  evaluated  and  site  effect  will  be  more  described  in  Nice. 


CARACAS  (VENEZUELA)  SITE  EEBECTDETERMINATIONWnHMICIlOTKEMOR 

A.-M.  Duval '.  J.-R  MEneroud ',  A  Singer ’and  all  FUNVISIS  technical  members 
'CETE  MEditeiianEe,  Nice,  France  ’FUNVISIS,  Caracas,  Venezuela 

Caracas  1967  earthquake  caused  heavy  damages  to  multi-stofy  huildings.  In  1995,  184 
microtremor  measurement  points  were  petfixmed  over  the  cify.  Measmement  grid  was 
more  or  less  dense  and  coveted  the  main  part  of  the  alluvial  basin  as  well  as  suirounrfing 
rock  basement.  For  each  point,  horizontal  record  spectnim  was  divided  by  vertical  one. 
Then  the  strongest  value  of  this  ratio  (A)  was  kept  as  well  as  the  fiequency  (Fo)  where  it 
occuis.  Spatial  inleipolation  of  A  and  Fo  were  performed  between  all  points  of  Palos 
Grandes  district  A  map  was  plotted  iqxesenting  a  single  surface  where  Fo  is  relief  and  A  is 
colour  gradation.  Alluvion  depth  (H)  map  can  be  compared  with  this  result  Damaged 
buildings  are  ploOed  on  the  same  map.  Fo  (relieO  decreases  until  0.6  Hertz  when  alluvion 
depth  W  increases.  R)  values  fit  with  fiequencies  previously  predicted  fiom  crxiqxitation 
and  with  1967  earthquake  observations.  The  mere,  interpolation  surfaces  show  that 
amplification  (A)  is  very  low  above  rock  but  is  maximum  rxi  the  south  pan  of  the  basin. 
Now  main  damages  of  the  town  occurred  in  this  pan  :  4  high  buildings  collapsed.  The 
estimated  natural  fiequency  of  these  buildings  were  around  Fo.  (jraphics  showing  H,  Fo  and 
A  evolution  throu^  basin  were  composed.  Links  between  all  these  values  are  noticeable. 
Fb  is  claimed  to  be  veiy  similar  to  resonance  fiequency  of  soil.  As  for  A,  it  reveals  to  be  a 
feiriy  relevant  sign  of  damage  sericxisness.  Microtremor  technique  is  an  economic  tool  and 
allows  measureiitent  grid  as  dense  as  desired.  WV  ratio  ptccessing  followed  by 
interpolation  of  maximum  values  provides  precise  and  useful  information  about  expected 
site  effect 
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apijcahon  of  dynamic  response  analysis  of  buildings  for  the 
SEISMIC  RISK  assessment  IN  AIMERU  CITY. 

T.  Enumolo(  1 ),  M.  Niviim>(2,3).  F.  J.  Sanchcz(2).  F.  Vid*!(4),  K.  Sco(5).  F.  Luzon(2,3) 
(l)IXpail  of  Ajchit«cture,Kiiniigiiw«  Universi^,  (2)  Depart  of  Applied  Physics.  Ahncria 
I  Jnivcrsiiy,  (3)  Aandahiaian  Instilute  of  Geophysics,  (4)  National  Institute  of  Geograpl^.  (5) 
Depart,  of  Built  linvirunnicnl,  Tokyo  Institate  of  Technology 
innavaiT0@iilsbre9.uaIm.es 

In  general,  the  dynamic  behavior  ofbuilding  structures  under  strong  motion  is  depeud  on  the 
Htructura!  characteristics,  for  example,  building  material,  oonstructod  age,  Ibun^tion  type, 
btiilding  stoiy  and  dimension  etc.  and  also  the  chaimclaiatics  of  input  strong  motion  to  the 
buildinti^  Hach  building  has  a  natural  period  whidi  is  depend  on  the  stnictural  diaracteristics. 
Usually,  each  site  where  .some  buildings  were  constructed  baa  a  predominant  period  wltich 
is  dept^  on  (he  uppennost  soil  condition,  for  exan^^le,  the  stiffness  and  depth  q(  uppermost 
soil  layer,  respectively.  F.vcn  if  the  uppermcMtt  soil  condition  is  not  so  basically,  the 
rctatioadiip  between  (lie  natural  period  ofbuilding  and  the  predominant  period  of  surrounding 
uppermost  soil  condition  is  very  important  to  evaluate  the  earthquake  damage  for  the 
l^ldings.  So  we  hove  peiformed  to  estimilc  the  natiiral  period  of  existing  23  building-s  which 
have  the  stories  horn  4  to  1 0  in  Atmcria  City  using  microtronor  obaervaliona  al  the  top  of 
lHuld2ng.s.  'rhew  Iniildings  have  dtlTenmi  characteristics  respectively,  but,  in  this  research,  wc 
arc  thinking  that  one  vesy  importam  index  ofbuilding  characteristics  is  the  building  story.  The 
rclotiorudup  between  the  building  stories  and  the  natural  periods  is  very  linear  and  clear  Tbc 
result  siwws :  Tm,048N  in  lateral  movement  and  T*0.047N  in  tCTsional  movement,  where 
■f  is  the  natural  periixl  in  sec.,  and  N  is  the  building  story  from  4  to  10.  After  we  get  these 
results,  wc  have  tried  to  calculate  the  dynamic  behavior  of  buildings  using  the  rcspiirwc 
aiialysisor  I  -DOFS  Model,  considering  the  different  uppeimost  soil  uunditiims.  Wc  w<iu]d 
like  to  !4x)w  the  result  cf  response  anidysis  in  order  to  assess  the  sdsmic  risk  in  Almeria  City. 


The  Influence  of  The  Experts  Opinion  in  Microzonation  Studies 

Donat  and  Thomas  Noack^^^ 

(^^Swiss  Seismological  Service,  ETH-H6nggerberg,CH-8093  Zurich,  Switzerland 
(faeh@seismo.i^.ethz.ch) 

(^^Geologisch-Palftontologisches  Institut,  Universit&t  Basel,  Bemoullistrasse  32, 
CH>40S6  Basel,  Switzerland 

Recently  a  qualitative  microzonation  study  has  been  completed  for  the  city  of  Basel. 
The  study  includes  the  mapping  of  the  geological  and  geotechnical  soil  conditions 
which  are  known  from  over  2700  shallow  wells.  This  comprises  also  detailed  litho¬ 
logical  descriptions  of  the  cores,  thicknesses  of  the  strata,  groimdwater  data,  and 
SPT  measurements.  Measurements  and  inteipretations  of  ambient  noise  and  their 
comparison  with  the  local  geological  information  lead  to  a  characterization  of  the 
different  soil  types.  The  microzonation  is  performed  by  means  of  a  qualitative  rating 
scheme  that  takes  into  account  the  influence  of  seven  characteristic  parameters  of 
the  local  soils  which  can  be  the  cause  of  ampliflcation  of  ground  motion  during 
earthquakes.  Four  parameters  accoimt  for  the  influence  of  the  Quaternary  gravels. 
These  are  the  consolidation  of  the  gravels,  die  type  of  the  Quaternary  sediments,  the 
thickness  and  the  lateral  variations  of  the  thickness.  A  fifth  parameter  considers  the 
potential  of  liquefaction.  Finally  two  parameters  account  for  the  influence  of  the 
Prequatemary  sediments  and  of  the  Rhinegraben  master  fault.  The  original  weight¬ 
ing  scheme  has  then  been  analysed  by  four  experts,  and  each  expert  proposed  a  new 
scheme  for  the  microzonation,  which  is  also  based  on  the  seven  parameters.  The  dif¬ 
ferent  rating  schemes  and  their  effects  on  the  microzonation  are  discussed  in  this 
contribution.  Even  if  there  are  large  differences  in  the  weighting  of  some  of  the  pa¬ 
rameters,  the  overall  features  of  the  different  microzonation  maps  remain  stable. 


SEISMIC  MICROZONATION  IN  PREADRIATIC  URBAN  AREAS  OF 
ALBANIA 

sKociurn 

(l)Seismological  Institute ,  Tirana,  ALBANIA,  kociu  @  sizmo. 
tirana.aI/Fax;+35542-28274 

Based  on  seismic  microzoning  studies  carried  out,  during  last  IS  years, 
in  Preadriatic  area  of  Albania,  for  many  important  inhabitated  centers 
and  cities(  as  Vlora,  Durres,  Shkodra,  Fieri  and  Tirana  city)  ,  a 
comparison  of  different  approaches  with  experience  gained  by  past 
and  recent  earthquakes  is  shown.  Some  special  case  studies  are  of 
interest,  taking  into  account  the  occurrence  of  recent  earthquakes 
(Tirana  &  Shkodra  case  studies)  and  those  of  the  past(  Durres  ,  Fieri 
&  Vlora  case  studies).On  the  other  hand  based  on  seismic  hazard 
maps  compiled  at  local  scale,  the  implemetation  of  outputs  of  seismic 
nucrozoning  studies  in  physical  and  uihan  planning  of  some  important 
towns  ( as  Vlora,  Durres,  Shkodra,  Fieri)  and  Tirana  city  and  for  the 
improvement  of  Albanian  seismic  building  code,  are  presented.. 


GRAVITY  ANOMALY  MAP  OF  BARCELONA  AS  A  TOOL  FOR 
DETERMINING  THE  STRUCTURAL  FRAMEWORK  AND  DEPTH  TO 
BASEMENT  IN  RELATION  TO  SEISMIC  MICROZONATION  OF  AN 
URBAN  AREA 

R.  Ldzaro,  V.  Pinto,  L.  Rivero,  J.L.  Roca  and  A.  Casas 
6.P.P.G.,  Facultat  de  Geoiogia.  Univ.  Barceiona  (Spain) 

Barcelona  is  situated  over  colluvial  and  alluvial  deposits  between  Llobregat 
and  Besos  River  deltas  and  these  materials  overlay  Pliocene  marls  and  the 
Hercinian  basement.  In  the  scope  of  a  project  for  the  evaluation  of  the 
seismic  hazard  of  the  city  of  Barcelona,  sponsored  by  the  city  council, 
several  geological  and  geophysical  studies  have  been  carried  out  with  the 
aim  to  evaluate  local  conditions  that  would  modify  earthquake  response. 

A  Bouguer  gravity  anomaly  map  of  Barcelona  was  produced  by  the 
compilation  of  935  gravity  stations,  with  coverage  throughout  the  city  and 
surroundings  of  1  sfation/km2.  New  gravity  stations  are  being  surveyed  over 
a  high  precision  network  to  perform  a  200  m  grid  interval.  From  the  inverse 
solution  of  the  residual  gravity  anomaly,  depth  to  basement  and  the  structural 
framework  have  been  defermihed,  in  spite  of  the  lack  of  subsoil  control  data. 
This  information  has  been  useful  for  assessing  the  earthquake  hazard  at 
local  scale. 


EVALUATION  OF  SITE  EFFECTS  IN  VOLVI  BASIN  (GREECE) 
FROM  EXPERIMENTAL  DATA  AND  MODELING 

F.  Marrara  (1)  and  P.  Suhadolc  (1,2) 

(1)  Dipartimento  di  Scienze  della  Terra,  University  of  TYieste,  Italy,  (2)  The 
Abdus  Salam  International  Centre  for  Theoretical  Physics,  Trieste,  Italy, 
f rancescCgeosunO . univ . triasta . it 

The  results  of  amplification  estimates  due  to  site  effects,  as  obtained  from  ob¬ 
served  data  and  theoretical  modeling,  are  compared.  The  data  come  from  the 
Voivi  basin,  a  test  site  located  in  Northern  Greece  near  the  city  of  Thessaloniki 
(EUROSEISTEST).  We  calculate  the  synthetic  seismograms  (SH  and  P-SV 
waves)  for  a  2D  section  of  the  target  area  between  the  Profitis  and  Stivos  vil¬ 
lages,  where  the  recording  stations  are  located.  The  hybrid  technique  employed 
for  these  computations  couples  the  modal  summation  and  the  finite  difference 
methods.  Both  in  time  and  in  frequency  domain  the  agreement  between  out 
simulations  and  the  observed  data  is  satisfactory.  The  few  observed  discrepan¬ 
cies  ate  very  probably  connected  to  the  still  limited  knowledge  and  estimates 
of  the  parameters  necessary  to  define  the  source,  the  propagation  path  and  the 
2D  model  in  the  hybrid  technique. 


EXPERIMENTAL  SITE  EFFECT  EVALUATION  IN  URBAN  AR¬ 
EAS  OF  THE  UMBRIA  AND  MARCHE  REGIONS  (ITALY) 
Umbria-Marche  Site  Effect  Group  (UMSEG),  P.  Marsan  (reporter) 
Gruppo  Nazionale  Difesa  Terremoti,  Servizio  Sismico  Nazionale,  Roma,  Italy. 

After  the  26  September  1997  Central  Italy  earthquake  {Ml  =  5.9)  the  Italian 
Civil  Protection  Department  issued  a  seismic  microzonation  project.  Its  goal 
is  to  perform  detail^  investigations  on  some  of  the  heavily  damaged  localities 
(Fabriano,  Nocera  Umbra  and  Sellano)  with  the  aim  to  provide  guidelines  for 
urban  planning  and  building  retrofit. 

In  this  framework  a  special  task  group  devoted  to  site  effect  evaluation  (Um¬ 
bria  Marche  Site  Effect  Group)  has  been  set  up.  This  group  installed  three 
temporary  seismic  arrays  with  54  sites  monitored  in  the  urban  areas  of  the 
above  mentioned  localities,  recording  at  least  20  events  with  magnitude  up 
to  4.4.  The  preliminary  results  presented  concern  empirical  transfer  function 
evaluations  based  on  spectral  ratio  technique.  Reference  site  and  single  site 
approaches  were  used  both  for  earthquake  and  noise  recordings. 
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2>D  STRONG  MOTION  SIMULATION  FOR  MICROZONING  OF 
BUCHAREST 

C.L.Moldoveanu*  and  G.F.Paaza^ 

!.  National  Institute  for  Earth  Physics,  Bucharest,  Romania; 
e-mail:  CMOLD@infp.ifa.ro 

2.  Dipartimento  di  Scienze  della  Terra,  Universita' digli  Studi,  Trieste,  Italy; 
e-mail:  Panza@geosunO.univ.trieste.it 

3.  International  Centre  for  Theoretical  Physics,  SAND  Group,  Trieste,  Italy 

The  strong  intermediate<^lepth  Vrancea  (Romania)  earthquakes  represent  the  main 
seismic  source  that  has  to  be  taken  into  account  for  microzonation  purposes  of 
Bucharest  that,  due  to  its  poor  soil  conditions,  could  suffer  serious  Awiagg  bec«ise 
of  the  severe  local  site  amplification.  The  realistic  modeling  of  ground  motion  is 
made  computing  the  seismic  input  for  the  target  area  of  Bucharest  considering  a  2-D 
cross-section  profile  by  means  tfa  sophisticated  hybrid  technique,  that  combines 
modal  summation  and  finite  difference  scheme.  As  seismic  source  we  consider  two 
strong  Vrancea  quakes  (August  30, 1986,  M^7. 1,  and  30,1990,  M«f=6.9). 
The  simulated  signals  are  analyzed  against  the  few  available  instrumental  records. 
The  main  features  of  the  local  response  simulated  under  the  mentioned  conditions 
are  similar  to  the  observed  ones.  We  see  how  this  technique  can  lead  to  a  proposed 
microzonation  of  the  city  of  Bucharest.  For  the  complete  microzonation  of 
Bucharest  the  computation  will  be  extended  to  a  set  of  cross  sections  that  cover  the 
whole  area  of  the  town  and  to  a  set  of  source  parameters  of  strong  Vrancea  quakes. 


DETAILED  SEISMIC  MICtOZONING  OF  ALMERIA  CTTY  USING 
GEOTECHNICAL  INFORMATION  AND  MlCROTREMOR  OBSERVATION 

^).  F.J.  SandNs<l).  T.  Eaooioto(3).  I.  MUnidi(4),  P.  Vid«](S).  K.  $00(6)  «ul 
AJ.PoMdM(l,2) 

(I)Dq)Mt.  uf  Applied  Phyucs,  Almcria  UniveniQ).  (2)  Andaluien  butitulc  cif  Oeupfaysics, 
(3)Dep«rt  of  ArahileeCuru,  Kinagewe  Univennty,  (4)  College  uTHeoDomics,  Kento  Gikuin 
University,  (S)  Ntlional  Iiulitutc  of  Oeogrtphy,  (6)  Depart  of  Buih  I^nvimnmenl,  Tokyo 
InetiMe  uf  i'ochnology 
mnavam)(i^IahrBa.ualm  ca 

‘ilic  impodance  uf  ncismic  miero^-xeiing  and  adamic  risk  aasesameni  is  tnaeasing  in 
earthquake  prune  area  of  (he  worid  for  earthquake  damage  reductioQ.  Wc  have  engaged  in 
detaUed  neseauh  on  aojamic  mkrwunmg  and  aeiamio  risk  asaessmeal  in  Alnuria  Ci^  ainoe 
1 996  This  dcUiled  research  U  composed  of  acvml  different  works  as  followwa.  (I) 
Oeomurphologicel  Investigation :  A  landform  classtfication  map  ik  developed  by  analysing 
aoial  photos  and  large  scale  (op(i|pq)hic  mapa.  Shwe  each  landform  is  oompoiied  of  different 
inatenals,  it  represaiu  ihc  \4)penmMt  part  of  foe  aoiU  Suidc  getdo^c  eross>aectiorM  arc 
cunqriled  horn  bore  hole  record  in  order  (0  examine  the  deeper  part  of  thu  aail.s.(2)  S  Wave 
Velocity  Prospuuting  Test :  S  t^ave  velocity  prospacting  teats  arc  experrmented  at  several 
site*.  These  nandts  are  uaefoll  for  understanding  the  uppermost  soil  dwracteristiea  and  aru 
used  for  soil  cla.'wilkation.  (3)  Miurotretnor  Observation  :  MkrotrenKm:  nhacrvatiotis  are 
densely  carried  out  in  the  research  area.  These  result  will  be  used  in  the  evaluation  of 
(bnanucal  ^xind  properties,  for  example,  predominant  period  and  amplihcation  factor  and 
win  be  tisod  in  sewnk  micrcuuning.  (4)  Smsnuo  Stnng  Motion  Obeervidioa :  Seiaraic  strong 
motion  obaovtiion  sites  are  Ittcatod  at  four  sites  hi  the  research  area  where  are  different  soil 
confotiist,  cspedatly,  one  of  them  is  iocatod  U  bard  rock  site.  These  strong  motion  records  ere 
conqiarcd  with  each  other  to  recognize  foe  diffsrence  of  ground  -Aaking  ohiracleristics.  (S) 
Integration  for  Seismic  Mienuoning  ;  Detailed  act«nic  inicroeooing  ii  carried  out  by 
compiling  foe  results  of  (1)  •  (4).  Aa  a  result,  foe  research'  area  is  divided  tnU)  several  distriuLs 
which  have  identical  dtaraoteiistics  of  <biiaimcal  soil  properties,  respectively. 


The  Earthquake  Sequence  of  Events  During  the  Xune-Qctobet  1997  Crise  in  the 
Azoms  Obfeived  under  Diflferent  So3  Gohditions 

C.  S.  ^IveiTa',  I H.  Correia  Quede^,  A  Loca^ 

Abstract 

Aneafthtpdee  aeqittnix  Of  eventi  oocanredin  ^  Azotes  sioce  27  hme  1997  and  lasted  until  mid 
October.  The  main  events  were  teooided  id  a  ^"strong  motion  Instnunents  nxently  Imphnted  la  the 
ngioiL 

Daring  the  thne  and  batf  ntontits  of  activity  64  earthquakes  with  ^Icenteis  in  the  ocean  near  the 
Banco  D.  loao  de  Cpstro,'  between  the  islands  tif  ^  Miguel  and  Tercdi^  were  cecoeded  in  3  to  5 
station  in  thoae  two  isliutds^  producing  records  with  3  cor^xmats.  Maxlmam  local  magnitude 
was  of  foe  order,  of  5.5  and  epicentral  distances,  to  sutoons,  rimge  from  30  to  i2U  km.  Peak  ground 
accelerations  range  fiom'0.5  mg  to  50.fflg,  depending  on  the  ^tcei^  distances  and  on  the  soO  type. 
SoU  properties  are  behind  the  large.differpnces  (twice  in  adipUtude)  between  ground  motion' lececded 
at  a  ioo^on  within  an  oM  crater  and  ano^  at  its  borders  twb  hnodred  meters  tway. 

The  presdot'paptt  present  tile  records  obtained  fn  foe  crise  and  tries  to  e)q)lain  foe  most  important 
ftaturm  Obsmved  at  the  different  locations. 


REALISTIC  MODELLING  OF  SEISMIC  INPUT  IN  URBAN 
AREAS:  A  UNESCO/IGCP  PROJECT 
G.  F.  Panza 

Dipartimento  di  Scienze  della  Terra  -  Universita  di  Trieste,  and  International 
Center  for  Theoretical  Physics  -  SAND  Group,  Trieste,  ITALY. 

The  accurate  study  of  geological  and  site  effects  on  seismic  ground  motion 
and  their  realistic  modelling  addresses  the  problem  of  pre-disaster  orientation: 
hazard  prediction,  risk  assessment,  and  hazard  mapping.  The  major  scientific 
problem  is  to  handle  realistic  models  on  a  very  detailed  level.  We  can  reduce 
loss  of  life  and  property  damage  by  highly  detailed,  specific  prediction  of  seis¬ 
mic  ground  motion.  To  map  seismic  ground  motion  we  do  not  have  to  wait 
for  earthquakes  to  occur  in  likely  focal  regions  and  then  to  measure  ground 
motion  with  an  extremely  dense  set  of  recording  instruments;  instead  we  can 
compute  immediately  these  seismograms  from  theoretical  considerations.  This 
database  can  be  updated  continuously  incoming  new  experimental  data.  The 
plan  of  the  UNESCO/IGCP  Project  "Seismic  Ground  Motion  in  Large  Ur¬ 
ban  Areas"  includes  a  broad  spectrum  of  seismic  hazard  levels  that  require 
different  administrative,  politcal,  scientific  efforts  to  reach  a  satisfactory  pre¬ 
paredness  (Antananarivo,  Bangalore,  Beijing,  Bucharest,  Budapest,  Catania, 
Delhi,  Kathmandu,  Ljubljana,  Mexicali,  Mexico  City,  Naples,  Rome,  Santiago 
de  Chile,  Santiago  de  Cuba,  Silistra,  Sofia,  Thessaloniki,  Tijuana,  and  Zagreb). 
The  project,  the  methodology  followed  for  the  simulation  of  ground  motion 
and  the  results  obtained  in  several  cities  are  illustrated,  including  comparisons 
between  the  outcome  of  simple  and  very  sopbysticated  approaches. 


PROBABILISTIC  MICROZONATION  OF  URBAN  TERRITORIES 

V.Yu.Soko!ov(l),  Yu.K.Cheniov(2) 

(1)  Lcnhydroproject,  pr.  Ispytateley  22,  StPetersburg,  RUSSIA  197227 
E-mail:  vus@inf0.ra5i.spb.ru 

(2)  SK IGC,  Dzerzhynsky  185,  Stavropol,  RUSSIA  355105 

The  problem  of  accounting  for  local  soil  effect  on  earthquake  ground  motion  is 
especially  urgent  when  assessing  of  seismic  hazard  —  recent  needs  of  earthquake 
engineering  require  for  including  effects  of  surface  geology  into  hazard  maps.  When 
evaluating  of  seismic  hazard,  it  is  necessary  to  account  dangerous  earthquakes  of 
various  magnitudes  that  may  occur  at  different  distances.  Characteristics  of  soil 
response  strictly  depend  on  ground  motion  peculiarities,  and  these  parameters  in 
seismic  hazard  calculations  must  be  considered  as  random  variable  and  evaluated 
jointly  with  parameters  of  ground  motion.  Recently  developed  by  authors  method  of 
seismic  hazard  calculations  allows  to  take  into  account  soil  response  both  in 
determenistic  and  probabilistic  forms,  and  to  create  hazard  maps  involving  influence 
of  local  soil  conditions  using  soil/bedrock  spectral  ratios.  Probabilistic  microzoning 
maps  may  be  constructed  by  calculation  of  "absolute  Intensity"  instead  of 
determination  of  "intensity  increments"  relatively  to  "reference  site".  On  example  of 
probabilistic  microzoning  of  city  of  Tashkent  we  shown  that  the  configuration  of 
zones  with  the  same  probable  MMI  intensity  (ground  motion  parameter)  may  be 
different  (meaning  both  absolute  values  and  contours  of  isoseismals)  when  considering 
various  return  periods  (probability  of  exceedence). 


SITE  EFFECTS  IN  THE  CITY  OF  THESSALONIKI  (GREECE): 
ESTIMATES  FROM  DATA  AND  MODELLING 
P,  IViantafyllidis  (1,3),  P.  Hatzidimitriou  (1),  N.  Theodoulidis  (2), 
P.  Suhadolc  (3),  C.  Papazachos  (2)  and  D.  Raptakis  (4) 

(1)  Geophysical  Laboratory,  Univ.  of  Thessaloniki,  Greece,  (2)  Institute  of 
Eng.  Seismology  and  Earthquake  Engineering  (ITSAK),  Thessaloniki,  Greece, 

(3)  Dipartimento  di  Scienze  della  Terra,  Univ.  of  Trieste,  Italy,  (4)  Laboratory 
of  Soil  Mechanics  and  Foundation  Engineering,  Univ.  of  Thessaloniki,  Greece. 
In  the  present  study  the  site  effects  in  the  city  of  Thessaloniki  (Greece)  are 
estimated  using  both  an  experimental  and  theoretical  approach.  The  experi¬ 
mental  techniques  are  applied  to  a  set  of  observed  accelerograms.  The  technique 
of  Standard  Spectral  Ratio  (SSR)  is  applied  to  a  reference  station  located  on 
rock,  while  the  H/V  Spectral  Ratio  technique  is  used  both  with  earthquake 
records  (entire  length  including  P  &  S  waves)  and  with  recorded  noise.  The 
results  from  all  previous  methods  are  compared  in  terms  of  predominant  fre¬ 
quencies  and  amplification  levels.  The  fundamental  frequency  is  identified  by 
all  methods,  though  the  average  amplification  level  is  generally  underestimated 
when  the  H/V  spectral  ratio  techniques  are  used. 

For  the  numerical  approach,  we  construct  complete  strong  motion  synthetics 
using  the  modal  summation  method,  up  to  frequencies  of  10  Hz,  for  the  P-SV 
waves.  As  input,  four  point  sources  are  used,  located  at  different  distances  and 
azimuths  from  the  stations.  Ratios  of  response  spectra  of  the  local  1-D  over 
the  regional  1-D  seismograms  are  calculated.  The  mean  spectral  amplifications 
obtained,  are  compared  with  the  experimental  ones. 
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MICROTREMOR  ANALYSIS  TO  CHARACTERIZE  SEISMIC  WAVE  AT¬ 
TENUATION  IN  THE  CITY  OF  BARCELONA 

A.  Ugalde  (1),  L.  G.  Pujades  (1)  and  J.  A.  Canas  (2) 

(1)  Technical  University  of  Catalonia.  Geotechnical  Engineering  and  Geosciences 
Department.  (2)  Instituto  GeogrSfico  Nacional. 

Microtremors  are  generated  by  the  presence  of  short  period  seismic  noise,  and  they 
consist  of  a  mixture  of  surface  and  body  waves.  The  surface  sources  of  this  ambient 
noise  are  of  different  origins:  traffic,  factories,  cultural  activity,  etc.  Microtremor 
recotdings  usualiy  present  an  average  amplitude  that  is  constant  with  time,  but 
sometimes  interferences  caused  by  specific  easy  to  find  sources  located  near  the 
recording  instrument  are  observed.  These  small  events  are  produced,  as  an  exam¬ 
ple,  by  the  passing  of  a  person  or  vehicle,  and  we  will  try  to  use  them  in  order  to 
characterize  the  capability  of  the  medium  to  attenuate  seismic  energy.  In  this  study, 
the  parts  of  the  records  that  present  high  amplitudes  are  analyzed,  and  the 
amplitude  decays  are  characterized  by  a  quality  factor  Q.  Preliminary  results  for 
different  zones  of  the  city  of  Barcelona  are  presented.  They  show  the  ability  of  this 
method  to  characterize  the  attenuafion  of  the  different  soil  typologies. 


ESTIMATION  OF  THE  SYSTEM  FUNCTION  OF  SOILS  USING  MICRO¬ 
TREMORS 

A.  Ugalde  (1),  J.  I.  Egdzcue  (2),  A.  Alfaro  (1),  L.  G.  Pujades  (1)  and  J.  A.  Canas(3) 

(1)  Technical  University  of  Catalonia.  Geotechnical  Engineering  and  Geosciences. 

(2)  Technical  University  of  Catalonia.  Applied  Mathematics  n.  (3)  Instituto  Geo- 
grifico  Nacional. 

The  use  of  microtremors  to  characterize  soils  using  the  methodology  proposed  by 
Nakamura  in  1989,  has  been  a  topic  of  microzonation  studies  for  many  years,  due 
to  iu  rapidity  and  low  cost.  This  method  allows  to  obtiun  accurately  the  resonance 
frequency  of  a  given  sedimentary  layer,  but  it  fails  to  predict  the  amplification  at 
the  resonance  frequency.  In  this  study  an  improvement  of  the  Nakamura’s  spectral 
ratio  (horizontal  versus  vertical  components)  is  proposed  so  that  the  obtention  of 
the  predominant  periods  and  amplifications  using  microtremor  measurements  at 
the  surface  is  allowed.  Using  the  3  component  recordings  of  microtremors,  it  is 
considered  that  the  vertical  component  represents  the  vertical  tremor  at  the 
substrate,  except  for  the  presence  of  uncorrelated  noise  (W,).  The  horizontal 
components  constitute  a  complex  signal  that  (except  for  uncorrelated  noise  WJ 
represent  the  horizontal  tremor  obtained  by  filtering  the  movement  at  the  substrate 
with  the  soil’s  system  transference  function  H.  This  system  function  H  is  then 
estimated  by  minimizing  the  uncoiielated  noises  W,  and  W,.  This  methodology  is 
applied  to  microtremor  measurements  in  the  urban  area  of  Barcelona. 
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Body  Wave  Attenuation  in  the  Crystalline  Crust  and  Mantle  from  PNE  Data 
DrAnatol  V.  EGORKIN 

Center  of  Regional  Geophysical  and  Geoecological  Research  GEON,  Moscow,  Russia 

Quality  factors  (Qp,  Qs)  in  the  crystalline  crust  and  mantle  along  long-range  DSS 
profiles  have  been  calculated  from  records  of  refracted  and  reflected  waves  using  a 
change  of  amplitude  and  phase  spectra  versus  epicentral  distance.  It  has  been 
established  that  in  the  frequency  range  smdied  ( 0.5-12.0  Hz),  the  dependence  of  the 
absorption  coefficient  "K"  on  frequency  is  linear  and  the  quality  factor  does  not 
depende  on  frequency.  In  general,  the  Kp  and  Ks  in  the  crystalline  crust  are  practically 
equal,  while  QpGQs.  Qp  mean  value  is  180  and  Qs-300.  In  the  first  700  km  of  the 
mantle  Qp  increases  with  depth  from  200  to  600.  The  study  of  Qs  was  carried  out  on 
a  more  restricted  scale  than  that  for  Qp.  The  result  indicate  that  with  increasing  depth 
the  ratio  Qp/Qs  increases. 


SEISMIC  A.NISOTROPY  AND  LARGE-SCALE  FABRIC  OF  MANTLE 
LITHOSPHERE  OF  PRECAMBRIAN  CRATONS 

V.  Babuaka  (2)  and  J.  Plomerovel  (1) 

(1)  Geophysical  Institute,  Czech  Academy  of 

Sciences,  BoVeSnVed  11,141  31  Praha  4.  Czech  J.  PlomerovVel 
Republic;  jpl2ig.cas.cz 

(2)  UNESCO,  Div.  of  Earth  Sciences,  1,  rue 
Mioltis.  75732  Paris.  France;  v.babuslca@unesco.org 

The  radial  and  azimuthal  anisotropy  of  surface  waves  constrain  the  lithosphere 
diickness  of  Precambrian  cratons  to  a  maximum  of  about  200*220  km.  While  the 
anisotropy  within  the  lithosphere  is  well  developed,  below  it  the  seismic  anisotropy  is 
very  small.  Both  the  surface  and  body  waves  indicate  dipping  anisotropic  structures 
in  the  mantle  lithosphere  which  may  represent  remnants  of  accreted  pieces  of  ancient 
oceanic  lith  osphere  and  paleosubductions  inferred  also  from  dipping  seismic 
reflections  extending  into  the  mantle.  An  interpretation  of  the  observed  surface-wave 
anisotropy  results  in  a  model  of  olivine  petrofabrics  with  a-c  foliation  plane, 
characterized  by  the  high  est  P  velocities  and  a  subparallel  polarization  of  the  fast  split 
shear  waves.  The  foliation  planes  dip  steqrly  beneath  the  cratons,  compart  to  modest 
dips  beneath  the  Phancrorozoic  regions.  The  steep  orientations  of  the  foliation  planes 
mean  dial  a  major  part  of  the  subcnistal  lithosphere  of  cratons  was  not  formed  by  the 
conductive  cooling  mechanism  which  would  produce  subhorizontal  orientations  of  the 
olivine  a-axes  and  the  a-c  foliation  planes.  Though  the  horizontal  resolution  of 
surface-wave  studies  is  limited  to  500-1000  km.  the  radial  anisotropy  indicates  that 
tlw  Precambrian  mantle  lithosphere  extends  beneath  many  Phanerozoic  orogenic 
belts.  With  a  dense  spacing  of  seismic  stations,  the  anisotropy  of  body-wave  velocities 
provides  a  good  resolution  for  identification  of  boundaries  of  lithospheric  blocks  with 
diflbmt  fabric  orientations.  By  Inverting  shear-wave  splitting  parameters.  e.g.  at  an 
array  of  stations  in  Scandinavia,  and  studying  pattern  of  teleseimic  P-residual  spheres, 
we  are  able  to  retri  eve  3-D  orientation  of  anisotropy  within  different  blocks  of 
suberusud  lithosphere  with  hexagonal  or  orthorhombic  symmetry. 


SCATTERED  WAVES  AS  AN  IMAGING  TOOL 

C.J.  Bean  (1),  K.  O’Doherty  (1)  and  J.  McCloskey  (2) 

(1)  Dept,  of  Geology,  University  College  Dublin,  Belfteld,  Dublin  4,  Ireland, 

(2)  School  of  Environmental  Studies,  University  of  Ulster,  Coleraine,  Co.  Derry, 
N.  Ireland. 

Chris. beanCued.  ie/Fax:  +353-1-2837733 

The  superposition  of  many  scattered  wavelets  leads  to  the  development  of 
coda  waves.  In  the  absence  of  site  reverberations,  these  scattered  wavelets 
are  thought  to  sample  a  large  volume  surrounding  the  source  and  receiver 
and  therefore  have  traditionally  been  used  to  yield  regional  Coda  Q  estimates. 
Here  we  present  results  from  a  new  method  which  allows  us  to  localise  Q  varia¬ 
tions  and  scatterer  distributions  (e.g.  fault  zones).  The  method  does  not  require 
linear  receiver  arrays  and  is  ideally  suited  to  irregular  source-station  configu¬ 
rations.  We  test  the  method  on  synthetic  data  and  present  results  from  both 
the  Long  Valley  caldera  in  Eastern  California  and  from  southern  California. 
The  techniques  allow  us  to  tomographically  map  both  intrinsic  attenuation 
and  scattering  potential. 
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SEISMIC  ANISOTROPY  IN  ITALIAN  VOLCANIC  AREAS 

F.Bianco .  M.Castellano ,  E.DeI  Pezzo 
(1)  Osservatorio  Vesuviano,  Napoli, 
bianco@osve.unina.it/Fax:  +39-81-5754239 

Shear  wave  splitting  analyses  have  been  performed  in  the  following  volcanic  areas  in 
Italy:  Vesuvio,  Campi  Flegrei  and  Etna.  The  three  areas  are  very  different  from  both 
structural  and  volcanological  point  of  view.  We  measured  the  splitting  parameters  by 
means  of  covariance  matrix  decomposition  method.  On  Vesuvio  the  qSl  polarization 
eigendirections  are  aligned  to  the  main  faults  system  recognized  on  the  volcano.  The 
TD  values  show  a  lot  of  scattering,  however  the  source  of  the  anisotropic  volume 
appear  shallow.  On  Mt.  Etna  the  EDA  cracks  model  appears  realized  far  from  the 
active  faults.  Shallower  sources  of  the  splitting  were  recognised  for  the  stations  located 
near  the  Pemicana  fault  and  the  North-East  rift.  The  presence  of  an  anisotropic  volume 
at  Campi  Flegrei  appear  less  clear  than  in  the  previous  areas.  The  qSl  polarization 
eigendirections  appear  aligned  at  each  station,  but  they  are  quite  different  from  one 
station  to  another.  We  suggest  that  in  this  area  the  presence  of  scattering  bodies  plays 
an  important  role  in  the  S-wave  features. 


MEASUREMENTS  OF  INTRINSIC  AND  SCATTERING  ATTENUATION  AT 
MT.  VESUVIUS 

F.Bianco  (1),  M.Castellano  (1),  E.Del  Pezzo  (1)  and  J.Ibanez  (2). 

(1)  Osservatorio  Vesuviano,  Napoli,  (2)  Inst.  Andaluz  de  Geofisica,  Granada. 
mario@osve.unma.it/Fax:  +39-81-5754239 

A  first  evaluation  of  the  seismic  attenuation  at  Mt  Vesuvius,  has  been  performed  in 
the  frequency  range  from  1  to  20  Hz,  utilizing  the  shallow  volcano-tectonic  seismicity 
related  to  this  volcano,  collected  in  the  last  three  years.The  coda-Q  as  a  function  of  the 
lapse  time  and  the  estimate  of  the  direct  S  wave  total  Q  allow  to  separate  the  intrinsic 
ftom  the  scattering  attenuation.  We  used  a  modification  of  the  approach  described  by 
Wenneiterg  1993.  The  first  results  show  that  the  scattering  plays  an  important  role  in 
the  attenuation  mechanism. 


THBRMOELASTIC  SEISMIC  WAVES 
E.  Bytsan*  and  M.  Gryn’ 

Institute  of  Geophysics,  Kiev,  Ukraine, 
igpnanu . kiev . ua ! rootCrelay . na . not 

A  dynamic  problem  of  thermoelasticity  is  considered  for  rheologic  bodies  which 
approximate  non-elastic  features  of  wave  processes  in  physical  media.  The  non¬ 
elasticity  is  considered  by  including  elastic  and  viscous  elements  (connected 
with  each  other  in  parallel  or  succession  way  in  different  combinations)  in  a 
mathematical  model.  A  rheologic  equation  of  a  generalized  rheologic  body  has 
been  obtained 

P(r  +  Qs  +  R$  =  0, 

where  P,  Q  and  R  are  linear  differential  operators  with  constant  coefficients, 
and  a  system  of  equations  of  a  combined  dynamic  problem  of  thermoelasticity 
has  been  deduced  for  this  body.  Also  characteristic  equations  of  the  relaxation 
times  and  the  times  of  aftereffect  and  analitical  expressions  for  wavenumbers, 
which  determinate  the  phase  velocities  and  attenuation  coefficients  of  thermal 
and  thermoelasticity  waves  were  obtained.  The  authors  have  analysed  the  effect 
of  the  increased  temperature  of  the  medium  on  the  wave  processes  in  differ¬ 
ent  rheologic  bodies,  namely  in  the  Voigt’s,  Maxwell’s,  Pointing-Thompson’s, 
Lethersich’s,  Jeffreys’s,  Burgeras’s,  Trouton-Rankin’s,  Anagnostl's  bodies. 


TRANSITION  BETWEEN  DIFFERENT  DEGREES  OF  HETERO¬ 
GENEITY  BENEATH  THE  SOUTHERN  URALS 
R.  Carbonell  and  Gallart,  J.,  P’erez-Esta’un.  A. 

Dpt.  of  Geophysics  CSIC,  Inst,  of  Earth  Sciences,  rcarbonell@ija.c8ic.es. 

The  seismic  image  recorded  beneath  the  southern  Urals  during  the  wide-angle 
seismic  reflection/refraction  URSEIS-95  experiment  is  consistent  with  a  change 
in  the  degree  of  heterogeneity  in  the  upper  mantle.  The  seismic  signature  ob¬ 
served  in  a  densely  sampled  (50  m)  shot  gather  suggest  an  inhomogeneous  upper 
mantle  beneath  the  southern  Urals.  The  sharp  decrease  in  reflectivity  imaged  is 
modeled  by  a  Unite  difference  solution  of  the  wave  equation  as  a  sharp  change 
in  the  internal  structure  of  the  upper  mantle.  This  change  is  consistent  with  a 
decrease  in  the  size  and  amount  of  heterogeneities  that  is  most  probably  caused 
by  a  temperature  increase.  This  increase  in  temperature  induces  some  of  the 
inhomogeneities  to  reach  their  melting  point  homogenizing  the  mixture.  This 
tr«isition  from  a  heterogeneous  to  a  more  homogeneous  mantle  would  cause 
a  prominent  decrease  in  reflected  energy  in  the  seismic  section.  This  mapped 
discontinuity  can  be  interpreted  as  the  8®  discontinuity.  This  seismic  signature 
is  also  consistent  with  the  lithosphere-asthenosphere  transition. 


VARUTIONS  OF  THE  VP/VS  RATIO  AT  MT. VESUVIO 
M.Castellano,  F.Bianco  and  G.Vilardo 

Osservatorio  Vesuviano,  Napoli  mario@osve.unlna.it/Fax:  +39-81-5754239 

About  300  local  earthquakes  recorded  at  Mt.Vesuvio  in  the  last  10  years  were 
analyzed  in  order  to  define  the  VpA^s  ratio.  The  events  were  gathered  by  digital 
three-component  seismic  station  equipped  with  short  period  seismometers.  The  P-  and 
S-phases  time  picking  precision  was  typically  wiffiin  10  msec.  S-phases  were 
checked  by  means  of  polarization  analyses  in  order  to  avoid  errors  such  as  the 
presence  of  S-to-P  conversions.  More  than  900  P  and  S  travel-times  were  obtained 
and  the  VpA's  ratio  was  computed  using  a  modified  Wadatl's  diagram.  A 
depth-dependent  trend  of  the  VpA^s  ratio  seems  to  affect  the  first  5-6  km  of  the  crust. 
A  maximum  value  of  1.98  was  observed  at  about  2  km  of  depth.  This  features  could  be 
explained  by  the  presence  of  fractures  and  fluids  in  the  shallow  volcanic  structure  as 
evidenced  by  new  geophysical  studies. 


THE  ATTENUATION  STRUCTURES  OF  BODY-WAVE  AND 
ITS  TECTONIC  IMPLICATIONS  IN  TAIWAN  AREA 

K  J  Chen  and  Y.  Jeng 

Inst,  Of  Earth  Sciences,  National  Taiwan  Normal  University,  88 
Sec  4  Ting  Chow  Rd,  Taipei,  Taiwan,  R.O.C.;e-mail: 
kjchenfgjgeophy.geos.ntnu.edu.tw.  Fax:+886 — 2-9333315 

The  seismic  waveform  data  recorded  by  the  Central  Weather  Bureau 
Seismographic  Network  (CWBSN)  and  Taiwan  Telemetered 
Seismographic  Network  (TTSN)  were  used  to  deduce  the  three- 
dimensional  attenuation  structures  of  P  and  S  wave  beneath  Taiwan. 
The  attenuation  structures  were  obtained  by  the  damped  least-square 
method  from  attenuation  time  values  (t*)  and  the  travel  times. 
Attenuation  time  values  (t*)  were  calculated  from  these  events  using 
a  spectral  decay  technique.  Totally,  the  data  include  1450  digital 
seismograms  of  102  events.  The  magnitudes  of  these  events  are  in  the 
range  between  3.1  and  4.7.  P-wave  and  S-wave  spectra  were 
corrected  for  a  source  spectrum  of  w-square  model.  Least-square 
fitting  was  done  in  the  frequency  range  between  4  and  25  Hz. 
Frequencies  above  25  Hz  are  usually  avoided  due  to  the  uncertainty 
of  instrument  correction.  From  the  distribution  pattern  of  attenuation 
structures  in  Taiwan  area,  some  tectonic  implications  will  be 
discussed  in  this  paper. 
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CENTRAL  ITALY  3-D  CRUSTAL  TOMOGRAPHY  USING  DATA  FROM 
REGIONAL  AND  MOBILE  NETWORKS  INCLUDING  1997  UMBRIA- 
MARCHE  SEQUENCE  (M,  5.5.8). 

Luisa  Filipoi.  Bruno  Alessandrinl 

Servizio  Sismico  Nazionale,  Via  Curtatone  3,  00166  ROMA  ITALY 
E-mail:  filippi@ssn.dstn.pcm.it ,  alex@ing750.ingnn.it,  fax:  39-6-4466579 

A  3-D  crustal  tomography  is  perfonned  for  die  central  Italy  region  using  local 
seismicity  recorded  by  tlvee  regional  netwoiiks  plus  the  mobile  network  installed 
during  the  recent  Umbria-Marche  sequence  started  on  the  3rd  October  1997. 

The  regional  networks,  for  a  total  of  35  seismic  stations,  collected  data  since  1992, 
while  the  mobile  network,  composed  of  15  stations,  worked  from  the  19th 
September  1997  to  the  29th  October  1997. 

We  used  the  simultaneous  inversion  method  described  by  Pavlis  and  Booker  and 
modified  by  C.H.  Thurber  and  Donna  Eberhart-Phillips.  This  technique  iteratively 
compute  the  velocity  model  parameters,  defined  to  die  nodes  of  a  grid,  and  relocate 
the  hypocenters,  by  using  an  approximate  3-D  ray-tracing. 

First  we  performed  a  synthetic  test.  The  arrival  dme  obtained  using  a  known 
velocity  model  were  considered  as  observed  data,  then  we  inverted  them  using  a 
difierent  starting  velocity  model.The  comparison  between  given  and  computed 
models  is  satisfactory. 

The  region  shows  interesting  results  due  to  the  good  coverage  of  stations  and 
hypocehtres. 


SCATTERING  ATTENUATION  AND  PROPERTIES  OF  RAN¬ 
DOM  MEDIA  IN  3D  FINITE  DIFFERENCE  SIMULATIONS. 


ACCOUNTING  FOR  SPATIAL  DISPERSION  IN  SEISMIC- WAVE 
PROPAGATION 

Chichinina  T.  I.  Obolentseva  I.R.  ( Institute  of  Geophysics  RAS,  3,  Aca¬ 
demician  Koptyug  pr.,  Novosibirsk,  630090,  Russia;  tich@uiggm.nsc.ru) 

To  increase  the  efficiency  of  seismic  prospecting  through  using  dynamic  charac¬ 
teristics  of  seismic  waves,  interpretational  models  should  be  chosen  correct.  A 
model  of  an  anisotropic  gyrotropic  medium  is  shown  to  be  a  sought-for  model. 
Gyrotropy  is  an  exhibition  of  the  first  order  spatial  dispersion  of  elastic  proper¬ 
ties  of  a  medium.  In  an  anisotropic  gyrotropic  medium,  a  relation  between  the 
stresses  and  the  strains  is  given  by  Hooke’s  law  with  additional  terms  propor¬ 
tional  to  strain  derivatives.  These  terms  account  for  contributions  in  a  stressed 
state  at  a  given  point  of  other  points  in  its  vicinity.  Thus  a  microstructure  of 
the  medium  is  taken  into  account.  For  appearance  of  gyrotropy,  it  is  sufficiently 
if  microobjects  (these  are  microcracks,  thin  layers,  oriented  grains  etc.)  were 
arranged  in  such  a  way  that  the  medium  had  no  centre  of  symmetry  (necessary 
condition)  and  had  predominantly  ’right’  or  ’left’  arrangement  of  microobjects. 
In  other  words,  in  properties  of  symmetry  the  medium  must  be  acentric  and 
chiral.  Generally,  polarizations  of  all  waves  in  a  gyrotropic  medium  are  elliptical 
whereas  in  a  chiral  gyrotropic  medium  there  occurs  a  rotation  of  shear-wave 
polarization  plane.  To  reveal  the  nature  of  the  phenomenon  of  gyrotropy,  we 
present  now  the  specific  model  of  terrigeneous  rocks  on  a  microlevel.  The  model 
has  the  dissymmetric  microstructure.  The  work  is  supported  by  Russian  Fund 
of  Fundamental  Investigations  (RFFI)  grant  97-05-65282. 


ANISOTROPY  IN  THE  AUSTRALIAN  UPPER  MANTLE  FROM 
WAVEFORM  INVERSION 
E.  Debayle  and  B.  L.  N.  Kennett 
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The  SKIPPY  experiment,  which  took  place  from  1993  to  1996,  has  allowed  the 
coverage  of  the  entire  Australian  continent  with  broad  band  stations  regularly 
spaced  every  400  km.  This  dense  network  of  seismic  recorders  benefits  from  the 
excellent  distribution  of  regional  seismicity  surrounding  Australia  and  provides 
a  unique  dataset  for  upper  mantle  investigation  in  continental  arrays  using 
surface  wave  data. 

The  waveform  inversion  method  proposed  by  Cara  and  L4veque  (G.R.L.,  1987) 
is  well  suited  to  investigate  upper  mantle  heterogeneities  and  anisotropy  be¬ 
neath  the  Australian  continent:  recent  developments  of  the  method  allow  si¬ 
multaneous  processing  of  Rayleigh  and  Love  seismograms,  possibly  including 
overtones,  in  order  to  obtain  information  about  polarisation  anisotropy  of  S 
waves,  in  addition  to  the  SV  velocity;  furthermore,  it  is  possible  to  combine 
this  waveform  inversion  technique  in  a  tomographic  procedure  which  allows  the 
azimuthal  anisotropy  of  SV  waves  to  be  addressed.  The  last  extension  of  this 
method  has  resulted  in  an  automated  algorithm,  able  to  process  in  a  fast  way 
the  large  amount  of  seismological  data  recorded  during  the  SKIPPY  experi¬ 
ment.  We  present  and  discuss  here,  the  first  tomographic  images  obtained  for 
the  upper  mantle  anisotropy  beneath  Australia. 


A  COMPARISON  OF  SCATTERING  COMPONENTS  OF  SEISMIC  WAVE 
FIELDS  ON  ROCKY  AND  LOOSE  GROUNDS 

A.F.  Drennov 

Institute  of  the  Earth’s  Cnist  SB  RAS,  E-mail;  san.cora@irkutsk.su 

A  loose  sedimentary  layer  may  be  considered  as  a  near-surface  waveguide.  Therefore, 
when  the  information  about  an  initial  seismic  signal  propagates  along  the  layer  by  virtue 
of  multiple  reflections  in  it,  one  may  expect  that  the  relationship  between  the  maximums 
of  intercorrelation  functions  and  the  distance  between  seismic  recorders  in  the  group  of 
radiuses  of  correlations  will  be  different  from  a  similar  relationship  obtained  for  rocky 
grounds,  especially  in  the  event  that  an  absorption  in  the  layer  is  smll,  which  is  tj^jical 
of  loose  sedimentary  permafrost.  A  comparison  of  similar  relationships,  singly  obtained 
for  loose  and  rocky  grounds  at  different  central  frequencies  of  band  fillers  (those  of 
Kaiser’s)  shows  that  the  inhoraogeneity  of  a  wave  field,  caused  by  the  scattering  of  a 
seismic  signal  by  the  medium  of  its  propagation,  is  described  by  the  same  relationships. 
The  most  difference  between  relationships  is  observed  in  a  frequency  band  of  0.75  -  1.5 
Hz.  But  the  confidence  intervals  equal  to  0.12  (rocky  grounds)  and  0.15  (loose  ground) 
overlap  each  other  at  a  probability  level  of  0.9.  Thus,  one  may  conclude  the  following. 
First,  a  permafrost  layer  of  largedetrital  sediments  is  relatively  homogeneous  for  seismic 
waves  with  the  frequencies  from  0  to  16  Hz  and  does  not  produce  much  effect  on  the 
homogeneity  of  a  seismic  field.  Nevertheless,  it  does  not  mean  that  the  layer  does  not 
distort  dynamic  characteristics  of  a  wave  field.  Second,  it  confirms  the  fact  that  the 
scattering  of  a  wave  field  is  mostly  conditioned  by  deeper  inhomogeneities  of  the 
mediums. 


L.  Frenje  and  C.  Juhlin 
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The  random  models  most  often  used  in  scattering  simulations,  e.g.  self-similar 
models,  have  a  Gaussian  probability  distribution.  However,  analyses  of  sonic 
borehole  data  imply  that  a  log-normal  probability  distribution  may  better  de¬ 
scribe  the  heterogeneities  in  the  crust,  at  least  where  fractures  are  present. 
We  study  scattering  of  seismic  waves  by  producing  synthetic  VSP  seismograms 
with  3D  finite  difference  modelling  in  different  types  of  random  media.  The 
random  models  used  are  the  traditional  self-similar  random  media,  i.e.  fractal 
media  with  varying  correlation  distance,  standard  deviation  and  Hurst  nuihber, 
or  fractal  dimension,  and  random  models  generated  from  a  log-normal  distri¬ 
bution.  The  scattering  attenuation  is  calculated  by  the  peak  amplitude  method 
giving  an  apparent  Q  for  the  model.  The  estimated  Q  values  are  then  compared 
with  analyticad  expressions  derived  from  single  scattering  theory.  This  compar¬ 
ison  allows  for  a  number  of  questions  to  be  investigated:  (1)  what  parameters  of 
the  random  media  are  sensitive  to  scattering,  (2)  the  minimum  scattering  angle 
present  in  the  single  scattering  expressions  can  be  determined,  and  (3)  is  single 
scattering  a  good  approximation  when  performing  scattering  simulations. 


COMPLEX  PATTERNS  OF  SEISMIC  ANISOTROPY  IN  RE¬ 
GIONS  OF  ACTIVE  TECTONICS 
K.P.  Furlong 
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The  accumulation  of  high  quality  broad-band  seismic  data  is  providing  evi¬ 
dence  of  the  usefulness  of  seismic  anisotropy  in  interpreting  deformational  pro¬ 
cesses  in  the  upper  mantle.  These  data  also  show  complex  patterns  of  seismic 
anisotropy,  particularly  in  plate  boundary  regions  and  regions  of  relict  plate 
boundary  structures.  The  complexity  evident  in  these  data  can  be  produced 
by  a  variety  of  structures  in  the  upper  mantle.  Patterns  with  azimuthal  pe¬ 
riodicity,  traditionally  interpreted  as  resulting  from  multi-layered  anisotropic 
fabric,  can  also  be  produced  by  dipping  structures  and/or  dipping  fabric,  a 
situation  expected  in  convergent  plate  boundary  regions.  The  juxtaposition  of 
lithosphere  of  contrasting  mantle  fabric  along  major  strike  slip  boundaries  will 
produce  complex  patterns  of  anisotropy  parameters  for  stations  near  the  plate 
boundary.  The  mantle  fabric  produced  in  the  shear  zone  separating  the  plates 
will  add  additional  complexity  in  the  azimuthal  pattern  of  seismic  anisotropy. 
Interpreting  these  patterns  of  seismic  parameters  requires  consideration  of  the 
effects  of  a  three-dimensional  mantle  fabric  on  wave  propagation,  and  the  arbi¬ 
trary  complexity  introduced  by  the  juxtaposition  of  relict  mantle  fabrics  (with 
active  mantle  fabrics)  along  plate  boundary  zones.  Data  sets  from  Tibet  and 
western  North  America  provide  examples  of  these  effects. 
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SKS  SPLITTING  BENEATH  THE  BAIKAL  RUT  ZONE 
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SKS  splitting  was  determiru'd  at  28  digital  seismic  stations  and  3S  analog  stations 
in  the  Baikal  rift  zone  and  adjacent  areas.  We  determined  two  splitting  parameters, 
splitting  time  and  fist  direction,  by  searching  fix'  the  minimum  of  an  error  function. 
Splitting  ranges  fiom  0.3  s  to  2. 1  s  which  could  have  been  caused  by  layers  of  30 
to  210  km  thick,  respectively,  characterized  by  4%  anisotropy.  Fast  directions  in  the 
inner  part  of  the  Baikal  rift  zone  are  distributol  in  two  orthogonal  directions,  NE 
and  hW,  approximately  parallel  and  perpendicular  to  the  NE  strike  of  the  rift.  In 
the  external  parts  of  the  rift  zone  only  the  rift-orthogonal  fiist  direction  is  observed. 
Rift-related  mantle  flow,  that  is  responsible  fix  orientation  of  olivine  crystals, 
provides  a  plausible  interpretation  fix  the  rift-orthogonal  fist  directions.  The  rift- 
parallel  fist  directions  near  the  rift  axes  can  be  interpreted  oriented  magmatic 
cracks  in  die  mantle  or  small-scale  mantle  convection  with  rift-parallel  ftow.  The 
agreement  between  stress  estimates  and  corresponding  crack  orientations  lends 
some  weight  to  the  suggestion  that  the  rift-parallel  fist  directions  are  caused  by 
oriented  magmatic  cracks. 


ISOTROPIC  TOMOGRAPHIC  INVERSION  AND  ANISOTROPIC 
MANTLE  :  WHAT  DO  WE  MISS  ? 

M.  Granet  (1),  U.  Achauer  (1)  and  S.  Sobolev  (2) 
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In  the  last  decade,  new  models  from  regional-scale  seismic  tomography  of  the 
Western  European  lithosphere-asthenosphere  system  have  been  proposed.  These 
models  were  obtained  from  isotropic  tomographic  inversion  based  on  high 
resolution  teleseismic  experiments.  However,  this  isotropic  approximation  is  not 
strictly  valid  everywhere  in  the  mantle  as  is  clearly  indicated  by  studies  of  S-waves 
splitting  in  tectonically  active  areas.  Hence,  teleseismic  or  local  isotropic 
tomography  alone  is  not  able  to  constrain  the  geodynamic  models  deduced  from 
imaging  the  velocity  perturbations.  Anisotropic  bodies  located  in  the  mantle  with 
the  size  of  several  tens  of  kilometers  may  significantly  bias  the  estimation  of 
isotropic  P-wave  veiocity  perturbations.  Based  on  recent  experiments  performed  in 
Western  Europe  where  both  velocity  anomalies  and  anisotropic  structures  were 
evidenced  independently,  we  will  show  that  in  some  cases  anisotropy-induced 
artifacts  in  the  velocity  modeis  may  mask  important  structural  features  in  the 
lithosphere.  Only  approaches,  which  will  address  the  question  of  estimating  such 
possible  artifacts  by  either  the  isotropic  inversion  of  synthetics  calculated  for 
anisotropic  media  or  "total"  tomography  (P-  and  S-  isotropic  images  together  with 
gravity  field  and  seismic  anisotropy)  will  help  answer  this  problem. 


TIME  SECTIONS  OF  THE  ATTENUATION  DECREMENTS 

M.  Gryn’  and  D.  Grin’ 
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A  method  determining  decrements  of  attenuation  d  =  oV  of  seismic  and  other 
waves  and  setting  up  their  time  sections  is  considered,  where  a  =  o(i,  <)  is  a  lin¬ 
ear  component  of  absorption  spectrum  a[f)  =  o(z,f)/,  V  ~  V’'(x,t)  -  velocity 
of  propagation  of  the  waves,  /  -  frequency,  x  and  t  -  space  and  time  coordinates. 
For  this  purpose  the  basic  normalized  functions  are  calculated  by  which  each 
seismic  trace  is  subdivided  into  several  narrow-frequency-band  components, 
amplitude  modulation  is  made  to  increase  the  frequency  of  signals,  envelopes 
are  set  up  using  Gilbertis  transforms  and  then  attenuation  decrements  are  es¬ 
timated  for  each  discrete  part  of  the  seismic  trace.  The  method  has  been  used 
to  prognose  anomalous  zones  of  the  attenuation  of  seismic  waves,  especially 
those  associated  with  oil  and  gas  fields,  areas  of  weakening  and  disturbances 
in  a  geologic  section,  as  well  as  to  process  of  the  results  of  radiogoniometry  of 
near-surface  zones.  The  method  may  be  used  for  studying  attenuation  and  in¬ 
terpreting  different  types  of  waves  in  seismology  and  volcanology.  Actual  data  of 
marine  and  subaerial  seismic  studies  have  been  processed  and  interpreted.  For 
example,  in  the  area  of  the  Golitsyn’s  structure  (Black  Sea  shelf), Sclukhivske 
field  (Dnieper-Donets  basin)  etc.  where  hydrocarbon  deposits  are  known  in 
riftogenetic  carbonate  sediments  clear-cut  attenuation  decrement  anomalies 
have  been  found. 


FRENCH  MASSIF  CENTRAL:  DETERMINATION  AND 
MODELISATION  OF  P-WAVE  ATTENUATION 
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Volcanism  in  French  Massif  Central  is  dated  at  20  Myr  to  4000  years  BP  with  a 
paraxismal  activity  during  the  middle  Miocene  time.  The  measurements  of 
attenuation  is  helpfiil  to  understand  the  mechanical  origin  of  abnormal  P  wave  travel 
time  in  lithosphere  beneath  2  important  volcanoes.  To  estimate  Qp  attenuation,  we 
used  a  new  comparitive  analyze  of  shape  of  P  wave  in  time  domain.  This  analyse 
permits  to  localize  two  regions  of  strong  attenuation  in  the  Devbs-Velay  and  Cantal 
areas.  These  two  abnormal  regions  of  propagation  are  clearly  correlated  with  lateral 
heterogeneities  observed  with  the  inversion  of  P  wave  traveltime  residuals  (Granet  et 
al.,  199S).  Our  theimomechanical  modelisation  using  a  distribution  of  relaxation 
time  shows  that  the  thermal  effect  can  explain  only  10%  of  the  observed  attenuation. 
Only  the  presence  of  fluids  could  explain  the  Q  factor  value  lower  than  100.  The 
peisistence  of  strong  cnistal  perturbation  show  that  these  two  regions  were  key  areas 
for  the  circulation  of  magmas  in  the  crust  during  the  last  volcanic  events. 


REFERENCE  MODELS  OF  SEISMIC  HETEROGENEITY  IN  THE 
LITHOSPHERE;  A  1//-PERSPECTIVE 
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Modelling  and  inversion  of  scattered  seismic  signals  generally  require  some  form  of 
a  priori  information  on  the  stochastic  nature  of  the  scatterers.  For  the  uppermost 
cmst  such  reference  models  of  seismic  heterogeneity  can  be  established  based  on 
constraints  provided  by  sonic  logs.  Sonic  logs  are  detailed  measurements  of  the  in 
situ  seismic  velocity  strucnire  along  boreholes.  Power  spectra  of  sonic  logs 
universally  decay  as  the  reciprocal  of  spatial  frequency,  regardless  of  the 
penological  composition,  geological  age,  and  tectonic  history  of  the  lithologies 
penetrated  by  the  borehole.  A  quantitative  model  is  presented  to  explain  this 
puzzling  stochastic  uniformity  of  upper  crustal  seismic  velocity  fluctuations.  The 
impacts  of  this  form  of  seismic  heterogeneity  on  various  types  of  seismic  data  are 
evaluated  and  ways  to  take  advantage  of  this  inherent  a  priori  information  are 
presented.  Finally,  the  question  is  addressed  whether  and  how  the  proposed  model 
explaining  the  ubiquity  and  uniformity  of  the  l^f-noise  nature  of  seismic  velocity 
fluctuations  in  the  uppermost  crust  could  be  generalised  and  extended  for  the  deeper 
parts  of  the  lithosphere. 


AN  EXPERIMENTAL  STUDY  OF  ELASTIC  WAVE  PROPAGATION 
AND  PERMEABILITY  ANISOTROPY  IN  CRUSTAL  ROCKS 
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We  present  results  from  an  experimental  study  of  the  relationship  between 
elastic  wave  propagation  anisotropy  and  permeability  anisotropy  in  a  shale, 
a  sandstone  and  a  tuff.  These  rocks  represent  a  spectrum  of  pore/crack 
geometries  from  nearly  equant  pores  (tufi),  via  a  mixture  of  cracks  and 
pores  (sandstone)  to  a  layered,  platy  fabric  (shale);  and  a  range  of 
permeabilities  spanning  more  than  six  orders  of  magnitude.  All  of  the  rock 
cores  tested  exhibited  significant  anisotropy  in  both  compressional  and  shear 
wave  velocity,  varying  from  about  4%  to  over  17%.  Following  the  velocity 
measurements,  sub-cores  for  permeability  measurements  were  taken  in  the 
maximum  and  minimum  velocity  directions.  At  low  effective  pressure,  the 
permeability  was  highly  anisotropic,  as  expected.  However,  as  effective 
pressure  was  increased,  the  change  in  permeability  anisotropy  depended  on 
the  pore/crack  aspect  ratio,  with  the  anisotropy  being  maintained  in  the  tuff 
while  the  shale  permeability  became  effectively  isotropic  by  an  effective 
pressure  of  3SMPa. 
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This  work  presents  a  new  and  original  study  on  anisotropic  tomography  beneath 
France.  We  used  travel  times  of  refracted  regional  waves  to  simultaneously 
retrieve  lateral  variations  of  seismic  velocity  and  seismic  anisotropy  within  the 
sub-crustal  lithosphere.  The  parametrisation  sheme  uses  a  ”classicar  approach 
by  dividing  the  2D  model  in  cells,  each  charcterised  by  two  parameters  :  a  mean 
slowness  (isotropic  term  of  slowness)  and  an  azimuthal  anisotropic  term.  24968 
travel  times  from  the  Bureau  Centra/  Sismologique  Frangais*  database  have 
been  inverted  to  compute  both  velocity  and  anisotropy  parameters.  Synthetic 
tests  have  been  performed  in  order  to  validate  the  inversion  algorithm  and 
to  verify  the  significance  of  the  solution  based  on  the  available  data.  These 
tests  demonstrate  the  reliability  of  our  method.  The  velocity  model  obtained 
correlates  well  with  the  main  tectonic  structures  in  France,  especially  the  Alps 
and  the  Massif  Central.  The  anisotropic  model  puts  emphasisis  not  only  the 
recent  Cenozoic  deformations  caused  by  the  Africa-Europe  (Alps)  and  Iberia- 
Europe  (Pyrenean)  collisions,  but  also  reflects  older  tectonic  structures  related 
to  the  Hercynian  orogeny  in  the  Massif  Armoricain,  the  Massif  Central  and  the 
Vosges-Black-Forest  region. 


Q  AND  a  DETERMINATION  ON  OBSERVATIONS  OF  THE  DIRECT 
TRANSMITTED  AND  REFLECTED  WAVES 

Eugene  K.Lossovsky,  Institute  for  Geophysics, 

KieVyUkraine, igpnanu.kiev.ualroot@relay.ua.net 

From  the  energy  conservation  principle  a  linear  equation  connecting  the  quality 
factor  Q,  the  frequency  f,  and  time  t  of  the  propagation  of  the  reflected  or  direct 
transmitted  wave  in  the  absorbing  medium  has  been  derived: 


1- 


=  0 

From  this  equation  the  untraditional  mediod  to  determine  the  parameters  of  the 
anelasticity  of  the  Earth  (quality  factor  Q  and  absorption  coefficient  a  )  by 
observation  of  the  reflected  or  direct  transmitted  waves.has  been  developed: 


Q  =  {’’A)fi,  «(/)  =  (%) 

where  L  is  a  distance,  traversed  by  reflected  or  direct  transmitted  wave. 

The  reccurent  procedures  to  calculate  the  formational  (Inyer’s)  parameters  Q  and 
a  for  a  layered  medium  from  the  aforecited  formulae  were  also  developed. 

The  untraditional  method  proposed  is  protected  from  the  ambiguities  of  Q  and  a 
determination  associated  with  the  additive  distorting  effects  on  intrinsic  Q  and  a 
by  the  stratigraphic  filtering  in  the  layered  media,  die  secondary  lateral  waves  and 
the  curvature  of  the  interfaces. 


SHEAR  WAVE  VELOCITY  DIFFERENCES  IN  AEGEAN  REGION,  GREECE, 
AS  INFERRED  FROM  RAYLEIGH  WAVE  DISPERSION 

I.S.  Kalogeras*  and  I.G.  Baskoutas* 

‘National  Observatory  of  Athens,  Geodynamic  Institute,  P.O.Box  20048, 

GRl  1 8 10  Athens,  Greece,  e-mail:i.kalog@egelados.gein.noa.gr 

An  analysis  of  Rayleigh  waves  generated  by  earthquakes  in  southern  Aegean,  Greece, 
as  they  have  been  recorded  by  the  vertical  component  of  the  WWSSN  long  period 
seismographs  of  Athens  (ATH),  Istanbul  (1ST)  and  Jerusalem  (JER),  is  presented  in 
this  study,  in  order  to  estimate  the  variation  of  the  seismic  shear  wave  velocity  as  a 
function  of  depth  along  specific  propagation  paths  in  the  area.  The  analysis  of  the 
records  includes  digitization,  analysis  in  the  frequency  domain  to  get  the  group 
velocity  as  a  function  of  frequency,  i.e.dispersion  curves,  and  finally  inversion  of  the 
dispersion  curves  to  obtain  profiles  of  the  shear  wave  velocity.  The  earthquakes  are 
grouped  into  two  different  groups.  One,  that  lies  with  ATH  and  1ST  on  a  great  circle 
which  runs  Aegean  from  NE  to  SW,  and  another,  that  lies  between  ATH  and  JER  in 
order  to  describe  variations  in  shear  wave  velocity  between  the  inner  and  the  outer 
part  of  the  Hellenic  arc, 


SPACE-TIME  VARIATIONS  OF  SHEAR  WAVE  ATTENUATION  FIELD  IN 
LITHOSPHERE  AND  ASTHENOSPHERE  OF  THE  NORTH  TIEN  SHAN 

Yu.F.Kopnichev 

Joint  Institute  of  Physics  of  the  Earth,  Russian  Academy  of  Sciences 
adm@cse.academ.alma-ata.sufFax:  +7-32774-45683 

A  totality  of  experimental  data  strongly  support  a  conclusion,  that  in  the  region  of 
Central  Asia  S-coda  at  frequencies  of-  1  Hz  is  formed  mainly  by  shear  waves,  re¬ 
flected  from  multiple  subhorizontal  boundaries  in  the  crust  and  upper  mantle.  This 
conclusion  allows  to  study  2-D  and  3-D  structure  of  the  shear  wave  attenuation 
field  in  the  lithosphere  and  asthenosphere.  To  investigate  spatio-temporal  variations 
of  this  field  in  the  North  Tien  Shan  region  we  have  analyzed  a  few  hundred  seismo¬ 
grams  from  local  earthquakes  and  quarry  blasts,  obtained  by  1 1  stationaiy  and  tem¬ 
porary  stations  in  1963-1995.  It  has  been  shown,  that  the  attenuation  field  is  rather 
homogeneous  in  low-seismicity  region  of  the  Hi  depression.  It  is  characterized  by 
very  strong  heterogeneity  in  the  region  of  Zailiysky  and  Kungey  Alatau  ranges, 
where  two  earthquakes  with  M>8.0  have  occured  during  last  100  years.  Three  types 
of  the  temporal  changes  have  been  found:  long-term  variations,  correlated  with 
changes  of  the  Earth’s  rotation  speed  ,  and  also  relatively  short-term  variations, 
connected  with  preparation  for  strongest  deep-focus  Hindu  Kush  earthquakes  and 
strong  shallow  events  in  the  Tien  Shan  region.  These  effects  are  most  strongly  ex¬ 
pressed  in  vicinity  of  large  deep  fault  zones.  The  attenuation  field  structure  is  es¬ 
sentially  varied  in  space  and  time  at  depths  less  than  about  280  km.  The  data  ob¬ 
tained  testify  to  an  active  fluids  migration  in  the  crust  and  uppermost  mantle  and 
their  important  role  in  geodynamical  processes  in  the  region  of  Central  Asia. 


TELESEISMIC  SHEAR  WAVE  SPLITTING  VERSUS  UPPER 
MANTLE  HETEROGENEITY  IN  ITALY 

Margheriti  L.  (1),  Nostro  C.  (1),  Lucente  F.P.  (1),  Amato  A.  (1)  and  Cocco 
M.  (1) 

(1)  Istituto  Nazionale  di  Geofisica,  Roma,  Italy. 
sargheritiOingTEO . ingrn . it 

Peninsular  Italy  includes  different  tectonic  provinces  in  the  frame  of  the  Apen- 
ninic  incomplete  subduction  and  continental  collision.  We  investigate  the  deep 
structure  and  the  geodynamic  evolution  of  this  region  by  means  of  a  com¬ 
parative  analysis  of  seismic  tomography  and  teleseismic  shear  wave  splitting. 
Tomographic  studies  provide  evidence  in  favor  of  a  continuous  subduction  sys¬ 
tem  beneath  peninsular  Italy,  with  evidence  of  a  slab  window  in  the  uppermost 
mantle  below  central  and  southern  Apennines.  The  shear  wave  splitting  mea¬ 
surements,  estimated  at  35  temporary  stations  deployed  along  three  teleseismic 
transects  in  northern,  central,  and  southern  Apennines  (GeoModAp,  E.C.  con¬ 
tract  EV5V-CT94-0464),  reveal  the  presence  of  strong  seismic  anisotropy  in  the 
upper  mantle.  The  anisotropic  parameters  appear  to  be  related  to  the  upper 
mantle  structures  retrieved  by  seismic  tomography.  The  complex  pattern  of  fast 
polarization  directions  found  in  this  region  of  the  Mediterranean  is  not  easily 
interpreted  in  terms  of  main  plate  motions;  more  likely,  it  is  strongly  affected 
by  the  presence  of  fragmented  lithospheric  slabs  and  of  asthenospheric  flows 
induced  by  slab  retreat  processes  and  slab  window  occurrence. 


ANISOTROPY  OF  THE  P-WAVE  VELOCITY  IN  THE  AREA  OF 
CENTRAL  AND  SOUTHERN  EXTERNAL  DINARIDES,  CROATU 

Martian  Herak  and  Ivan  Lokmer 

Department  of  Geophysics,  Faculty  of  Sciences,  University  of  Zagreb, 

Horvatovac  bb,  10000  Zagreb,  Croatia 

E-mail;  herak@rudjer.irb.hr,  ilokmer@phy.hr /Fax;  +385-1-4680-331 

The  anisotropy  of  P-wave  velocity  in  the  crust  and  upper  mantle  of  central  and 
southern  External  Dinarides  was  determined  by  considering  travel-times  of  Pg  and 
Pn  phases  recorded  on  local  and  regional  seismic  stations.  A  total  of  4965  Pg  and 
6833  Pn  arrival  times  from  1027  well-located  earthquakes  in  that  area  were  selected 
for  analysis.  The  velocity  representative  for  a  given  azimuth  interval  was  determined 
by  considering  differences  of  travel-times  and  of  ray-paths  for  all  events  as  reported 
by  stations  within  this  azimuth  window.  The  obtained  azimuthal  distribution  shows 
pronounced  anisotropy  both  in  the  upper  crust  and  in  the  upper  mantle.  The  crustal 
velocities  range  between  5.8  and  6.3  km/s.  Minimal  and  maximal  values  are 
obtained  for  approximately  ESE-WNW  and  SW-NE  direction,  respectively.  For 
upper  mantle  the  distribution  is  similar,  and  velocities  are  found  between  7,3  and  8.4 
k^s.  with  fastest  waves  traveling  approximately  SSW-NNE.  The  direction  of  low 
velocity  is  roughly  perpendicular  to  the  average  direction  of  the  pressure  axis 
obtained  by  analyzing  available  fault-plane  solutions  in  this  area.  This  fact  indicates 
that  the  observed  anisotropy  is  most  probably  caused  by  the  stress-induced 
alignment  of  microcracks  and  mineral  crystals  under  tectonic  stress. 
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SOME  ALGORITHMS  FOR  CALCULATION  OF  SYNTHETIC 
SEISMOGRAMS  IN  ANISOTROPIC  MEDIA 
V.  N.  Martynov  and  B.  G.  Mikhailenko 

Institute  of  Computational  Mathematics  and  Mathematical  Geophysics, 
Siberian  Branch  of  RAS,  Novosibirsk,  630090,  Russia. 
mikhOcomcen.nsk.Bu/Fax:  [7]  3832  32  42  59 

The  paper  is  dealt  with  different  algorithms  of  calculation  of  synthetic  seismo¬ 
grams  in  nonhomogeneous  azimuthly  anisotropic  media.  A  common  feature  of 
all  the  algorithms  is  reduction  of  the  3D  problem  of  elastic  wave  propagation 
to  a  series  of  ID  problems  by  means  of  the  finite  integral  Fourier  transform 
with  respect  to  two  horizontal  coordinates.  Different  approaches  to  solving  the 
ID  problems  obtained  in  variables  z  and  t  for  the  fixed  spatial  frequencies  are 
considered.  The  first  approaches  based  on  the  use  of  the  explicit  finite  differ¬ 
ence  method  with  the  second  order  approximation  and  variable  time  step.  The 
second  approach  is  based  on  using  the  finite  difference  approximation  only  in 
the  spatial  variable  z.  The  obtained  system  of  equations  is  of  sec  ond  order 
with  respect  to  the  variable  t  with  the  help  of  the  orthonormal  decomposi¬ 
tion  reduces  to  N  independent  Cauchy  problems  with  zero  initial  data,  and 
is  analytically  solved.  The  third  approach  is  based  on  employing  the  Laquerr 
transformation  with  respect  to  the  time  coordinate  and  the  finite  difference 
approximation  with  respect  to  the  spatial  variable  z. 


ASPECTS  OF  PRONI-TRANSFORMATION  APPLYING  IN  SEISMIC  DATA 
PROCESSING 

G.Mitrofanov,  T.Nefedkina 

Institute  of  Geophysics  SB  RAS.Novosibirsk, Russia,  E-mail:  george@uiggm.nsc.m 
L.Girshgom 

^Yamalgeofisika**,  Labytnangi,  Tumen  region,  Russia 

The  Proni-transformation  is  based  on  wave  field  decomposition  into  exponentially 
decreasing  cosinusoids  with  parameters:  amplitude,  frequency,  attenuation,  phase. 
Real  seismic  signals  can  be  represented  as  a  sum  of  such  cosinusoids  rather 
accurately.  It  is  suggested  to  use  the  Proni-transformation  for  analysis  of  rock 
physical  properties  and  state.  The  technique  involves  determination  and  study  of 
wave  field  high-frequency  components.  The  components  clearly  reflect  rock 
fracturing,  breakdown  and  fluid-saturation  through  their  attenuation.  This  can  be 
explained  by  non-linear  (square-law)  dependence  between  seismic  signal 
attenuation  and  frequency  for  the  above-mentioned  cases.  This  dependence  is 
confirmed  by  experiment  data  and  is  based  on  non-elastic  absorption  and  seismic 
scattering  in  unconsolidated  rocks.  Application  of  the  Proni-transformation  for  real 
media  in  Siberia  region  shows  that  there  is  a  good  correlation  of  zones  of  intense 
attenuation  for  high-frequency  components  with  tectonic  dislocations  and  with 
fracture  reservoir  areas.  The  technique  suggested  permits  to  increase  vertical  and 
horizontal  seismic  resolution  and  to  determine  reliably  boundaries  for  blocks  of 
different  physical  properties. 


GLOBAL  DISTRIBUTION  OF  CODA-Q  FACTOR 

Victoria  Oancea 

NIEP  -  Bucharest,  Romania.  Now  at:  Center  for  Monitoring  Research,  1300N  17th 
Street,  Suite  1450,  Arlington,  VA  22209,  USA,  oancca@cmr.gov 

The  frequency  dependent  coda  quality  factor  Qc(0  describes  the  seismic  wave 
attenuation  in  the  lithosphere  due  to  anelasticity  and  scattering.  Using  data  published 
in  the  literature  on  Qc(f)i  as  determined  in  different  areas  of  (he  world,  its  global 
distribution  is  presented  and  discussed,  showing  the  correlation  with  regional 
characteristics:  tectonic  activity,  geology,  crustal  thickness,  heat  flow,  gravity,  seismic 
wave  velocity,  etc.  Maps  showing  the  geographic  distribution  of  Qc  at  1  Hz  (QO)  and 
its  frequency  dependence,  as  well  as  the  QO  isolines,  are  presented. 


TRANSIENT  MOTION  OF  AN  ELASTIC  HALF-SPACE 
CONTAINING  SMALL  INCLUSIONS  NEAR  A  FREE 
BOUNDARY 
E.  Pavlovskaya 

Institute  for  Problems  of  Mechanical  Engineering  of  Russian  Academy  of 
Sciences,  Bolshoi  pr.  61,  St.-Petersburg,  199178,  Russia. 
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Wave  propagation  process  in  a  semi-infinite  elastic  medium  with  small 
inhomogeneities  (elastic  inclusions,  pores  or  liquid-filled  cavities)  embedded 
near  a  free  boundary  is  under  consideration.  Their  sizes  are  much  smaller 
than  the  distances  between  them.  Material  of  the  medium  is  homogeneous, 
Isotropic  and  linearly  elastic.  Motion  is  created  by  a  seismic  impulse  of  the 
displacement.  Its  characterictic  period  is  comparable  with  period  of  shear  wave 
Iff^opagation  between  the  inclusions.  Direct  numerical  solution  of  the  problem 
stated  is  associated  with  the  significant  difficulty  for  the  reason  of  degeneration 
of  the  region.  Integral  equations  of  motion  are  derived  by  means  of  asymptotic 
methods  and  are  suitable  for  the  numerical  solution.  The  displacements  and 
the  stresses  are  calculated  numerically  through  solving  these  equations.  The 
interaction  between  Rayleigh  wave  and  the  system  is  also  considered. 


A  SEISMIC  ARRAY  ON  MT.  VESUVIUS 

S.Pctrosino  (1),  M.La  Rocca  (I),  G.Saccorotti  (1,2),  F.Bianco  (2),  M.Castellano  (2), 
E.Carmona  p),  J.Ibanez  (3)  and  E.Del  Pezzo  (2) 

Dip.io  di  Fisica,  Univ.  Di  Salerno,  (2)  Osservatorio  Vesuviano,  Napoli,  (3)  Inst. 
Andaluz  de  Geofisica,  Granada. 
bianco@osvc.unina.it^ax:  +39-81-5754239 

A  seismic  array  composed  by  24  Mark  L22  expanded  up  to  IHz  sensors  (20  verticals 
+  4  horizontals)  was  installed  on  Ml.  Vesuvius.  The  signals  were  recorded  by  3  mobile 
personal  computers.  The  array  deployment  had  approximately  a  radial  symmetry,  with 
a  three  component  digital  seismic  station  (equipped  with  a  Mark  L4C  3D  sensor) 
installed  at  the  centre;  the  average  distance  between  the  sensors  was  about  50  meters. 
The  array  covered  an  area  located  on  the  south-western  caldera  rim,  where  several 
small  scale  structures  have  been  recognized.  More  than  100  local  and  regional  seismic 
signals  were  recorded.  Converted  and  scattered  phases,  as  well  as  the  coda  of  the 
signals  were  studied  with  the  array  zero  Lag  Cross-Correlation  technique.  The 
waveform  composition  was  obtained  by  polarization  analyses  both  in  the  time  and 
frequency  domain.  The  correlation  of  the  wavepackets  composing  the  noise  wavefield 
was  also  investigated  to  study  the  noise  directionality.  The  results  were  compared  with 
the  ones  obtained  by  both  the  recent  seismic  tomography  experiment  (Tomoves  96) 
and  the  Osservatorio  Vesuviano  seismic  network's  digital  records  of  local  seismicity. 
The  array  experiment  evidenced  the  occurrence  of  ultra-micro  seismicity  (M<0.5) 
detected  only  in  the  array  area. 


ANISOTROPY  AND  STRUCTURE  OF  THE  UPPER  MANTLE  BENEATH 
THE  TRANSITION  ZONE  OF  SAXOTHURINGICUM  AND 
MOLDANUBICUM 

Plcnefisch,  T..  Klinge,  K.  (BGR/SZGRF,  Krankenhausstr.  1,  91054  Erlangen, 
Germany),  Krueger,  F.  (Uni  Potsdam,  Germany),  Kind,  R.  (GFZ  Potsdam,  Germany) 

The  scope  of  our  investigations  is  the  upper  mantle  beneath  the  transition  zone  of 
Saxothuringicum  and  Moldanubicum  in  SE  Germany  and  NW  Bohemia.  To  resolve 
anisotropy  and  structure  we  use  different  inversions  (analysis  of  SKS-phases,  receiver 
functions,  tomography)  and  seismic  records  from  a  temporary  installed  profile  of  25 
broadband  stations  which  crossed  the  assumed  suture  zone  of  both  tectonic  units.  The 
analysis  of  the  observed  shear-wave  splitting  of  SKS-phases  shows  in  general  an  E-W 
orientation  of  the  fast  axis  of  the  anisotropic  mantle  material.  This  direction  deviates 
only  slightly  from  the  strike  of  the  Hercynian  mountain  belt  and  from  the  direction  of 
the  absolute  plate  motion.  Indications  for  the  transition  zone  come  from  a  rotation  of 
the  fast  symmetry  axis  from  WNW-ESE  to  WSW-ENE  when  going  from  the  southern 
part  of  the  profile  (Moldanu-bicum)  to  the  northern  part  (Saxothuringicum)  and  from 
strong  variations  of  the  splitting  parameters  with  respect  to  the  azimuths  of  the 
incoming  waves  in  the  middle  of  the  profile.  The  variations  will  be  discussed  in  the 
context  of  a  complex  mantle  structure  such  as  several  anisotropic  layers  and/or  layers 
with  inclined  symmetry  axes  and  with  respect  to  heterogeneities.  Additional  insight 
into  the  structure  of  the  transition  zone  we  expect  to  get  from  the  calculation  of 
receiver  functions  as  well  as  from  several  temporary  installed  stations  in  NW 
Bohemia.  Preliminary  results  will  be  discussed. 
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ANELASTIC  ATTENUATION  IN  THE  NORTH  OF  PORTUGAL 
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In  May,  1997  an  earthquake  of  local  magnitude  5.4,  with  origin  in  Galiza  (Lugo 
earthquake),  was  felt  in  the  North  and  center  of  Portugal  with  intensity  V.  This 
earthquake  and  their  replicas  were  recorded  in  a  short-period  seismic  digital 
Portuguese  network,  installed  in  the  beginning  of  1995.  In  this  scrie  of  eleven 
events  the  magnitude  is  equal  or  above  4.0  ML  and  in  a  period  of  72  hours, 
Portuguese  stations  recorded  more  than  two  hundred  events.  This  Northwestern 
region  of  Iberian  Peninsula  has  a  low  seismicity:  in  the  last  fifty  years,  and  before 
the  evOTts  which  ocurred  in  1997,  only  ten  earthquakes  were  recorded  in  this  region 
with  a  magnitude  equal  or  above  4.0.  In  this  study  we  analyse  coda  waves  of  Lugo 
earthquake  scrie  together  with  other  events  occurred  in  November  and  December 
1995,  whose  epicenters  are  in  the  same  area,  using  The  method  of  analysis  used  in 
this  work  is  the  one  which  Havskov  proposed  (Havskov  et  al.,  1989).  Coda-Qo  and 
die  anelastic  attenuation,  its  frequency  dependence,  were  determined  and  die  results 
were  compared  with  the  values  proposed  by  for  the  North  of  Portugal  (Pujades  et 
al.  1990).  The  same  calculations  were  done  for  local  events  in  the  same  period 
(1995-1997)  in  order  to  achieve  a  better  knowledge  of  anelastic  attenuation  for  the 
area  of  the  North  of  Portugal. 


ANISOTROPY  BENEATH  CALIFORNIA :  SHEAR  WAVE  SPLIT¬ 
TING  MEASUREMENTS  USING  A  DENSE  BROADBAND  AR¬ 
RAY 

J.  Polei  and  H.  Kanaznorl 

Seismological  Laboratory,  Caltech,  Pasadena,  CA  91125,  USA. 
poletOgps.caltech.edu 

We  investigate  the  anisotropic  structure  beneath  California,  and  more  general, 
the  Western  United  States,  by  performing  shear  wave  splitting  measurements 
on  SK(K)S  data  recorded  by  over  70  broadband  stations,  with  very  dense  spac¬ 
ing.  For  most  stations  we  were  able  to  obtmn  reliable  measurements  of  fast 
polarization  direction  and  delay  time.  Two  stations  (ISA  and  MLAC),  located 
above  a  very  complicated  shallow  velocity  structure  showed  evidence  for  inco¬ 
herent  transverse  SKS  energy,  possibly  due  to  3-D  structural  effects.  For  all 
other  stations,  we  find  consistent,  high  quality  splitting  parameters  which  do 
not  vary  significantly  in  fast  direction  with  back-azimuth,  although  we  do  find 
variations  in  delay  time  of  around  .6  sec  for  different  events  for  one  station 
and  for  different  nearby  stations.  The  fast  directions  we  obtmn  are  consistent 
with  those  found  by  Pn  studies  in  the  area,  etnd  are  also  close  to  orthogonal  to 
the  maximum  contemporary  principal  horizontal  stress  direction  (World  Stress 
Map).  Previous  studies  have  found  that  there  is  little  splitting  in  the  crust  in 
southern  California,  so  we  interpret  our  results  as  alignment  of  olivine  crystals 
in  the  shallow  upper  mantle,  over  a  depth  range  of  about  200  km,  consistent 
with  the  shallow  stress  field.  The  variation  of  delay  time  possibly  points  to 
small-scale  dianges  in  the  strength  of  the  crystal  alignment. 


INTERPRETATION  OF  SHEAR-WAVE  SPLITTING  OBSER¬ 
VATIONS  IN  THE  PRESENCE  OF  VERTICALLY- VARYING 
ANISOTROPY 
G.  Rumpker  and  P.  G.  Silver 
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We  study  teleseismic  shear-wave  splitting  due  to  multiple  anisotropic  layers. 
As  a  special  case,  we  consider  smooth  variations  of  anisotropy  with  depth.  The 
model  is  characterized  by  the  fast-axis  directions  at  the  top  (0«)  and  bottom 
(^ft)  of  the  anisotropic  region,  and  the  total  delay  time  (At).  The  particle  mo¬ 
tion  at  relatively  long  periods  (T/At  ^  5)  is  elliptical  and  is  a  function  of  the 
initial  polarization  direction.  At  shorter  periods  (T/Af  £  1),  however,  the  seis¬ 
mogram  is  characterized  by  two  distinct  arrivals  which  are  polarized  parallel 
to  the  fast  and  slow  axis  directions  at  the  top  of  the  anisotropic  region  and  are 
separated  by  At.  Only  the  short-period  results  agree  with  predictions  based 
on  ray  theory.  At  fixed  initial  polarization,  the  longer-period  results  can  be  de¬ 
scribed  in  terms  of  an  apparent  fast-polarization  direction  (0a)  and  an  apparent 
delay  time  (5ta).  The  apparent  splitting  parameters  exhibit  a  jr/2-periodicity 
as  functions  of  initial  polarization,  similar  to  the  two-layer  case  considered  by 
Silver  Ic  Savage  (1994).  Assuming  that  —  <  45^,  we  find  variations  of  0a 

and  <5fa  to  be  smaller  than  10%  over  most  (w  2/3)  of  the  back-azimuth  range. 
In  this  case,  0a  ^  (0t  +  06)/2  and  Sta  c:  At.  The  calculated  apparent-splitting 
parameters  agree  well  with  direct  measurements  using  synthetic  waveforms. 


SCALES  OF  HETEROGENEITIES  IN  THE  CONTINENTAL 
CRUST  AND  UPPER  MANTLE 

M.  Tittgemeyer  (1),  F.  Wenzel  (1),  T,  Ryberg  (2)  and  K.  Fuchs  (1) 

(1)  Geophysical  Istitute,  University  of  Karlsruhe,  D-76187  Germany,  (2)  Geo- 
ForschungsZentrum  Potsdam,  D-14437  Germany, 
narc .  t  ittgemeyerCphys  .uni-karlsruhe .  de 

A  seismological  characterization  of  crust  and  upper  mantle  can  refer  to  large 
scale  averages  of  seismic  velocities  or  to  fluctuations  of  elastic  parameters.  Large 
is  understood  here  relative  to  the  wavelength  used  to  probe  the  earth.  In  this 
paper  we  try  to  characterize  crust  and  upper  mantle  not  primarily  by  their 
average  velocities  but  rather  by  random  fluctuations  of  the  elastic  properties. 
We  focus  on  the  statistical  properties  of  these  fluctuations  acting  as  scatterers 
and  it  becomes  evident  that  different  scales  of  heterogeneities  prevail  in  differ¬ 
ent  layers  of  crust  and  mantle.  Although  we  cannot  provide  final  models  and 
explanation  of  why  these  different  scales  exist,  we  believe  that  scales  of  inho¬ 
mogeneities  carry  significant  information  on  the  tectonic  processes  when  they 
affect  the  lower  crust,  the  lithospheric  and  the  sub-lithospheric  upper  mantle. 
We  focus  on  4  different  types  of  small-scale  inhomogeneities:  (1)  the  charac¬ 
teristics  of  the  lower  crust,  (2)  velocity  fluctuations  in  the  uppermost  mantle, 
(3)  scattering  in  the  lowermost  lithosphere  and  on  (4)  heterogeneities  in  the 
mantle  transition  zone. 


ANISOTROPY  FROM  GENETIC  WAVEFORM  INVERSION  OF 
MULTI-COMPONENT  WIDE-APERTURE  SEISMIC  DATA 

Ji  Ying  and  S.  Singh 

BIRPS,  Bullard  Laboratories,  Department  of  Earth  Sciences,  University  of 
Cambridge,  Madingley  Road,  Cambridge  CBS  OEZ,  UK. 

The  determination  of  anisotropy  parameters  is  essential  for  accurate  seismic 
imaging  and  lithological  identification.  The  inverse  problem  of  anisotropic  par 
rameters  is  non-unique  applying  linear  waveform  inversion  techniques.  But  this 
nonuniqueness  problem  can  be  overcomed  by  including  data  from  wider  angles 
and  using 'multi-component  data. 

In  this  study,  a  nonlinear  waveform  inversion  technique  using  a  genetic  alo- 
gorithm  combined  with  a  local  optimization  method  is  developed  to  determine 
anisotropic  parameters  of  sub-surface  from  multi-component  wide-angle  seis¬ 
mic  data,  The  waveform  inversion  consists  of  minimising  a  misfit  function  in 
least-square  sense.  Synthetic  data  is  computed  using  a  reflectivity  method  for 
anisotropic  media.  Since  the  misfit  function  for  wide-angle  data  is  non-linear, 
we  use  a  genetic  algorithm  (GA)  as  a  global  optimization  method  in  order  to 
converge  to  global  minimum.  Our  synthetic  results  show  that  the  landscape  of 
misfit  function  is  flat  and  complex  near  the  minimum  point,  and  GA  becomes 
very  hard  to  find  the  global  minimum.  Therefore,  we  use  a  local  optimization 
method,  simplex,  to  search  the  minimum  using  the  best  model  of  G  A  as  starting 
model.  Our  synthetic  tests  show  that  our  approach  can  find  the  global  mini¬ 
mum  exactly  with  fast  converge  speed.  We  use  Bayesian  statistics  to  esrimate 
uncertainty  and  resolution  of  final  model  for  the  real  data  set. 
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MOVING  WAVES  OF  DEFORMATION  AS  A  MECHANISM  OF 
SEISMIC  RUPTURE  PROCESS 
V.V.  Aksenov  (1)  and  T.  Locaicek  (2) 

(1)  United  Institute  of  Physics  of  the  Earth,  Russian  Academy  of  Sciences. 
Bol'shaya  Gruzinskaya  10,  Moscow,  123810,  Russia,  (2)  Geophysical  Institute 
CAS,  Bochni  11/1401,  141  31  Prague,  Czech  Republic. 

The  long  period  waves,  preliminaring  stress  drop  were  registrated  by  laser  velocimeter 
method  in  shear-sUp  modeling  experiments.  Single  polar  wave  profile  were  always  ob¬ 
served  after  integration.  The  wave  amplitude  is  reduced  with  distance  from  fault  zone 
and  became  zero.  Spectred  structure  of  acoustic  signal  is  changed  from  anomaly  low 
frequency  at  fault  to  standard  high  frequency  with  distance  from  foci.  This  phenom¬ 
ena  were  observed  while  c^uTy^ng  out  field  experiments  (rock  burst).  The  observed 
long  period  waves  in  fault  zone  is  interpreted  like  moving  deformation  waves.  It  is 
represented  a  contact  interaction  of  two  solid  bodies  at  their  relative  motion  by  the 
scheme  of  contact  interaction  of  mass-having  slender  deforming  lines.  Relationships 
between  relative  velocity  and  motion  value  of  a  contact  surface  arbitrary  point  and  ge¬ 
ometrical  form  of  deformation  transverse  and  lonptudinal  waves,  their  velocities  and 
contact  lengths  reported.  Forms  of  longitudinal  and  transverse  waves  at  displace¬ 
ment  motion  are  observed  on  different  models.  Deformation  wave  velocity:  velocity 
and  value  of  displacement  of  a  contact  surface  of  arbitrau'y  point  in  the  course  of  mov¬ 
ing  wave  of  deformation  are  determined  experimentally.  Theoretically  estimated  and 
experimentally  observed  spectra  of  oscillations  have  been  presented.  Physical  inter¬ 
pretation  of  observed  (laboratory  experiments,  rock  bursts,  aftershocks)  modulated 
oscillations,  in  the  shape  of  interaction  of  elastic  waves  and  deformation  ones  is  given. 


STRESS  AND  FRICTION  ON  EARTHQUAKE  FAULTS  IN¬ 
FERRED  FROM  NEAR-FIELD  SEISMIC  DATA 
Michel  Bouchon 

Laboratoire  de  Geophysique  Interne  et  Tectonophysique,  Universite  Joseph 
Fourier,  Grenoble,  France. 

We  investigate  the  space  and  time  history  of  the  shear  stress  produced  on  faults  during 
recent  earthquakes  for  which  near-field  seismic  data  are  available.  The  stress  is  directly 
calculated  hx>m  the  tomographic  image  of  slip  on  the  fault  derived  from  strong  motion 
data.  The  results  obtained  show  that  the  static  and  the  dynamic  stress  drops  vary 
greatly  over  the  fault.  The  peak  values  obtained  for  most  of  the  events  studied  is  high 
and  range  from  about  20  to  100  MPa.  These  high  values  imply  that  the  initial  stress 
level  on  the  fault  at  the  onset  of  rupture  is  high  on  at  least  a  significant  portion  of  the 
fault.  The  apparent  strength  of  the  fault  before  the  earthquake  (that  is  the  local  shear 
stress  increase  which  is  required  for  rupture)  is  also  extremely  heterogeneous.  The 
rupture  velocity  seems  to  be  inversely  correlated  with  this  apparent  fault  strength, 
the  rupture  accelerating  over  the  "weak"  areas  of  the  fault  and  slowing  down  over 
the  high  strength  areas.  After  the  earthquedce,  the  shear  stress  is  increased  over  a 
significant  portion  of  the  fault,  which  corresponds  to  low  slip  regions. 


SOURCE  TOMOGRAPHY  AND  FRICTIONAL  PROPERTIES  OF 
LARGE  SUBDUCTION  ZONE  EARTHQUAKES 

A.  Cochard  (1)  and  P.  F.  Ihml^  (2) 

(1)  Division  of  Engineering  and  Applied  Sciences,  Harvard  University,  Cam¬ 
bridge,  MA  02138,  USA,  (2)  Institute  of  Geophysics,  ETH-Hoenggerberg,  CH 
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Source  tomographic  imaging  is  a  useful  tool  in  the  teleseismic  analysis  of  large 
earthquakes.  We  study  in  this  way  a  series  of  large  subduction  zone  earth¬ 
quakes  based  on  the  inversion  of  surface  wave  data  in  the  range  4-60  mHz,  and 
of  geodetic  data  if  available.  The  Nicaragua  1992  (Mw  7.7)  tsunami  earthquake 
shows  two  distinct  patches  of  moment  release  with  rupture  velocities  around  1 
km/s.  The  Chile  1995  (Mw  8.1)  event  has  unilateral  propagation  toward  the 
south  at  about  2.6  km/s,  and  a  relatively  smooth  slip  distribution.  The  Peru 
1996  (Mw  7.5)  tsunami  earthquake  displays  a  bilateral  rupture  process  with 
variable  rupture  velocities  in  the  range  1.0-2. 0  km/s.  We  explore  systemati¬ 
cally  the  frictional  behavior  of  a  dynamical  model  of  seismic  rupture.  We  find 
that  variations  of  rupture  velocity  among  the  above  events  can  be  related  to 
variations  in  the  frictional  properties  of  the  subduction  interface.  In  particular, 
tsunami  earthquakes  appear  to  occur  in  regions  of  little  background  seismicity 
and  of  scarce  aftershock  activity.  Our  analysis  suggests  that  unusual  frictional 
properties  at  the  plate  interface,  perhaps  related  to  subducted  sediments,  are 
responsible  for  the  slow  nature  of  tsunami  events. 


RUPTURE  PROCESS  OF  THE  1996  EPAGNY-ANNECY 
EARTHQUAKE  (FRENCH  ALPS) 

F.  Courboulex  (1),  N.  Deichmann  (2)  and  J.C  Gariel  (3) 

(1)  CNRS  Gwsciences  Azur,  Sophia  Antipolis,  France,  (2)  Swiss  Seismological 
Service,  Zurich,  Switzerland,  (3)  IPSN,  Fontenay  aux  Roses,  France. 
Recovering  the  history  of  rupture  propagation  of  small  and  moderate  earth¬ 
quakes  is  a  difficult  task,  especially  when  only  a  few  closeby  unsaturated  record¬ 
ings  are  available.  Based  on  the  analysis  of  both  clipped  and  undipped  signals 
recorded  at  local  and  regional  distances,  we  studied  the  rupture  process  of  the 
1996  Annecy  event,  an  Mw  4.9  earthquake  caused  by  left-lateral  slip  on  the 
Vuache  fault  in  the  northern  French  Alps. 

To  separate  path  and  source  effects  contained  in  the  seismograms,  we  used 
recordings  of  the  largest  aftershocks  as  empirical  Green’s  functions  (EGF). 
From  the  traces  that  were  recorded  on  scale,  we  deconvolved  the  mainshock 
waveform  by  the  EGF  and  retrieved  the  Apparent  Relative  Source  Time  Func¬ 
tion  (ARSTF)  at  each  station.  On  the  clipped  traces,  we  measured  pulse-width 
differences  between  the  P-wave  arrivals  of  the  mainshock  and  of  the  largest 
aftershocks.  Both  types  of  data  show  evidence  for  a  complex  rupture  process 
with  at  least  two  sub-events  and  for  a  rupture  that  propagated  predominantly 
towards  the  south.  This  directivity  is  compared  to  the  aftershock  distribution 
obtained  by  Thouvenot  et  al.  (1997),  which  shows  that  most  of  the  aftershocks 
occurred  to  the  north  of  where  the  rupture  of  the  mainshock  initiated. 


ON  THE  INTERPRETATION  OF  SUBEVENTS  IN  TELESEIS¬ 
MIC  WAVEFORMS:  ANALYSIS  OF  THE  DEEP  BOLIVIA  1994 
EARTHQUAKE 

P.  F.  Ihnil^ 

Institute  of  Geophysics,  ETH-Hoenggerberg,  CH  -  8092  Zurich. 

ihmleCt omo . ig . erdv . athz . ch 

The  source  process  of  an  event  is  often  thought  to  be  composed  of  a  series 
of  subevents.  Critical  points  in  teleseismic  body  waves,  such  as  peaks,  coher¬ 
ent  arrivals,  are  in  general  viewed  as  points  in  the  spatio-temporal  history  of 
an  earthquake.  We  show  that  these  features  can  be  interpreted  as  the  instan¬ 
taneous  centroid  locations  of  a  propagating  rupture  front.  The  instantaneous 
centroids  need  not  correspond  with  regions  of  high  moment  release,  and  rupture 
velocities  may  in  some  cases  be  misinterpreted.  We  demonstrate  this  point  on 
the  basis  of  both  a  subevent  and  a  source  tomographic  analysis  of  the  Mw=8.2 
Bolivia  1994  deep  event.  The  instantaneous  centroid  locations  of  peaks  in  the 
slip  history  correspond  closely  to  the  locations  found  using  the  subevent  anal¬ 
ysis.  Especially  near  the  middle  and  the  end  of  the  rupture,  the  instantaneous 
centroid  locations  are  in  regions  of  little  moment  release.  We  will  discuss  how 
the  subevent  analysis  and  the  instantaneous  centroid  approach  lead  to  dissimi¬ 
lar  interpretations  of  rupture  processes,  especially  for  events  with  small  length 
to  width  aspect  ratios.  In  addition,  we  show  that  asperities  or  a  rough  slip  dis¬ 
tribution  are  not  required  to  produce  peaks  or  pulses  in  teleseismic  waveforms. 
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WHERE  WILL  BE  THE  NEXT  GREAT  EARTHQUAKE 


SOURCE  PROCESS  OF  THE  1993  KUSHIRO-OKI  EARTHQUAKE 


V.V.Ivanov.  Institute  of  Marine  Geology  and  Geophysics.  Yuzhno- 
Sakhali^k,  Russia.  E-mail  tsunami@sakhmail.sakhalm.ru 

The  CTeat  earthquakes  follow  each  other  with  small  interval  of  time.  The 
gooa  example  is  the  sequence  of  events  near  the  Japan  from  1992  to  1996. 
The  seismic  records  of  the  previous  one  contains  information  about  location 
of  the  next  one.  By  analyzing  the  seismic  records  we  have  discovered  that  the 
great  aftershocks  occurs  when  the  low  frequency  seismic  wave  of  the  main 
shock  comes  again  at  the  Earthquakes  area.  These  aftershocks  are  the 
eardiquake  induced  W  the  surface  wave  of  the  great  Earthquake.  The  surface 
wave  of  die  great  Earthquake  can  induce  the  forshoclcs  of  the  future 
earthquake.  The  method  of  signal  analysis  by  carrying  out  the  construction 
of  the  seismic  source  trajectory  have  been  proposed.  The  seismic  source 
trajectory  is  ^e  line  on  the  map  which  shows  the  positions  of  the  sources  of 
the  sequential  patterns  of  the  seismic  signal.  The  trajectory  of  the  earthquake 
January  15,  lw3  contains  the  7  patterns  located  in  different  regions:  in 
vicinity  of  the  epicenter,  in  vicinity  of  the  source  area  of  the  earthquake 
Februa^  7, 1993  (37.6N,  137.2E,  Noto),  in  vicinity  of  the  earthquake  July  12, 
1993  (42.6N,  139.2JE,  Okushiri),in  vicinity  of  the  source  area  of  the  eardiquake 
Ckrtober  4,  1994  (  43.6N,  147.25E,  Shikotan),  in  vicinity  of  the  earthquake 
December  28,  1994  (  40  5N  1^.5E  Sanriku)  in  vicinity  of  the  earthquake 
January  17,1995,(34.4N,  135.1E,  Kobe),  in  vicinity  of  the  south  west  part  of 
Sakhalin  island.  The  trajectory  of  the  earthquake  July  12, 1993  contains  the 
same  patterns  except  the  pattern  near  the  Noto  and  contains  additional 
pattern  at  the  source  of  the  earthquake  May  26, 1983  (  Akita).  The  trajectory 
of  the  earthquake  October  4  19^4  contams  the  same  patterns  also.  We 
conclude  that  the  surface  wave  of  the  great  Earthquakes  induced  the 
secondary  earthquakes  at  the  area  of  the  future  earthquakes  . 


MODELLING  BODY  WAVES  AT  INTERMEDIATE  DISTANCES 
(17^-30°)  WITH  A  GAUSSIAN  BEAM  SUMMATION  METHOD. 
S.  Leborgne  (1)  and  R.  Madariaga  (2) 

(1)  Departement  de  sismologieJ.P.G.P,  Paris,  France,  (2)  Laboratoire  de 
geologic,  E.N.S,  Paris,  France. 
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Due  to  the  attenuation  of  body  wave  in  the  Earth,  we  can  not  study  smalt 
(M  <  6}  earthquakes  with  classical  teleseismic  methods.  To  obtain  a  good 
signal-noise  ratio,  we  have  to  use  body  wav^  recorded  at  distances  between  17^( 
under  is  the  shadow  sone)  and  30*.  At  these  distances  the  propagation  effects 
through  the  upper  mantle  (triplications)  are  taken  into  account  by  the  Gaussian 
Beam  method.  To  determine  an  average  velocity  model  for  Europe,  we  study  the 
Mw  =  6.2  earthquake  occured  on  July  20,  1996  near  the  Dodecanese  Islands 
in  Western  of  Turkey  in  the  Aegean  sea.  This  earthquake  can  be  modelled 
at  two  ranges  of  epicentral  distances.  For  body  waves  between  30*  and  90*, 
Nabelek's  method  starting  from  the  CMT  solution  for  the  mecanism  gives  a 
source  duration  of  8  seconds  and  a  depth  of  5  km  with  a  Moment  of  2.02 
10^®  N-m.  The  focal  mecanism  inversion  is  not  well  constrained  because  all 
stations  are  located  on  one  side  of  nodal  planes.  The  study  of  seismograms 
at  epicentral  distances  between  17*  and  30*  (Very  broadband  stations  located 
in  Northwestern  Europe)  by  the  Gaussian  beam  method  using  a  column  of 
the  3SM-AC  upper  mantle  velocity  model  gives  the  same  source  duration  and 
Moment.  Using  this  velocity  model,  we  propose  to  study  smaller  earthquakes 
occurring  in  Greece  and  Turkey. 


RUPTURE  DYNAMICS  IN  3D:  WHY  IS  IT  ALWAYS  COMPLEX? 
Raul  Madariaga  (1,2) 
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In  collaboration  with  K.B.  Olsen  and  E.  Fukuyama  we  have  developed  new 
numerical  techniques  for  the  modeling  of  rupture  propagation  along  a  flat  fault 
embedded  in  a  simple  3D  elastic  half-space.  We  have  studied  several  friction 
laws  having  a  characteristic  cut-off  distance  that  we  call  Do-  This  characteristic 
length  is  essential  in  order  to  obtain  stable  numerical  results.  It  represents  the 
distance  over  which  energy  is  dissipated  near  the  rupture  front  as  it  propagates 
along  the  fault.  We  studied  with  these  methods  the  propagation  of  rupture 
along  a  fault  loaded  by  a  heterogeneous  stress  fleld  that  is  the  superposition 
of  a  smooth  distant  tectonic  stress  and  residual  stresses  from  previous  events. 
We  find  that  rupture  follows  closely  the  initial  stress  distribution  if  friction 
is  a  simple  constant  function  along  the  fault.  For  more  complex  distributions 
of  fracture  resistance,  complex  patterns  of  slip  distributions  can  develop,  slip 
following  closely  the  history  of  rupture.  We  discuss  the  different  parameters  that 
control  rupture  and  we  show  that,  at  least  for  isolated  large  events,  rupture  is 
complex  at  a  range  of  scales  and  that  slip  distribution  is  controlled  not  only 
by  the  overall  fault  size  but  by  internal  length  scales  related  to  the  stress 
and  strength  distribution.  Finally,  we  discuss  rupture  propagation  and  slip 
distributions  inverted  from  near  field  data  in  terms  of  rupture  dynamics. 
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Hokkaido  island.  Japan,  b  characterized  by  inttrmediate  and  deep  earthquakes  with  deep 
seismic  activity  extending  to  a  depth  of  600  km.  The  Kushiro-Oki  earthquake  occurred  beneath 
eastern  Hokkaido  on  January  15.  1993  at  a  depth  of  107  km  with  a  magnitude  of  Ms«7.8. 
Using  teleseismic  body  waves  recorded  at  17  IRIS  stations  we  determined  the  source  mechanbm 
and  rupture  pattern  of  the  earthquake.  Despite  its  large  magnitude  it  was  identified  as  a  single 
event.  The  strike,  dip  and  rake  were  found  as  170.6,  23.2,  -1.9,  respectively,  the  seismic 
moment  as  Mo«e3.6^l0^  dyn.cm  and  source  duration  of  T^IS  seconds.  Source  parameter 
estimation  suggests  that  a  foult  length  of  50  km  was  associated  with  the  earthquake.  The  average 
dbiocation  was  estimated  as  10  m  and  the  average  stress  drt^  as  21  MPa.  This  earthquake 
occurred  in  a  previously  asesismic  region  between  the  lower  and  upper  plane  of  a  double  seismic 
zone.  In  general,  intermediate-depth  earthquakes  have  shown  little  to  no  aftershocks  for 
identification  of  the  fault  plane  and  rupture  area. Fortunately,  the  Kushiro-Oki  earthquake 
resuittd  in  approximately  300  aftershocks  of  M>2.0.  The  hypocenter  of  the  aftershocks  have 
dbtributed  horizontally  from  the  lower  plane  to  the  upper  one.  The  azimuthal  distribution  of  the 
t^iserved  waveforms  generated  by  the  earthquake  show  that  the  pulse  widths  at  stations  located 
10  the  west  of  the  source  region  are  narrower  compare  to  the  pulse  width  of  stations  locamd  to 
the  east.  This  observation  combined  with  the  horizontal  trend  of  the  aftershocks  provide  a 
strong  evidence  that  the  rupture  occurred  on  a  horizontal  plane  and  propagated  unilaterally  in 
WSW  direction. 


SCALING  RELATION  BETWEEN  EARTHQUAKE  SIZE  AND  DURATION 
OF  FAULTING  FOR  MICROEARTHQUAKES  AT  MOUNT  ETNA  VOLCANO 
(SOUTHERN  ITALY). 

D.  Patanh  (i)  &  E.  Giampiccolo  (2) 

(1)  Istituto  Intemazionale  di  Vulcanologia,  CNR,  Catania,  Italy,  (2)  Istituto  di 
Geologia  e  Geofisica,  University  of  Catania,  Italy,  E-mail;  patane@iiv.ct.cnr.it/Fax: 
+39-95435801 

In  this  study  we  used  ca.  180  microearthquakes  recorded  at  Mt.  Ema  volcano  in  order 
to  investigate  the  relation  between  eaithquake  size  (radiated  energy)  and  duration  of 
faulting  (predominant  period)  from  the  waveform  analysis  of  the  P-wave  velocity 
pulse.  The  magnitude  of  the  earthquakes  ranges  from  1.8  to  3.5  and  the  seismic 
moment  fells  between  10E19  and  10E21  dyne-cm.  Previous  studies  based  on  spectral 
analysis  of  microearthquakes  at  Mt.  Etna  (Patanh  et  al.,  1997)  show  that  the  relation 
between  the  seismic  moment  (Mo)  and  the  comer  frequency  (fo)  of  the  P-wave  is 
given  by  Mo  proportional  to  the  fourth  power  of  fo.  We  found  that  the  relation 
between  the  radiated  energy  of  the  P-wave  is  proportional  to  the  fifth  power  of  the 
period  of  the  P-wave  velocity  seismogram.  The  above  two  relations  seem  consistent 
with  each  other  and  confirm  that  the  cube  law  (Mo  proportional  to  the  third  power  of 
fo),  generally  accepted  for  large  earthquakes,  doesn't  hold  true  for  microearthquakes. 


EFFECTS  OF  SOME  PREVIOUS  EARTHQUAKES  ON  THE 
LOMA  PRIETA  RUPTURE 

H.  Perfettini  (1),  Ross  S.  Stein  (2),  Robert  W.  Simpson  (2)  and  Massimo 
Cocco  (3) 

(1)  Ecole  Normale  Superieure,  Paris,  France,  (2)  U.S.  Geological  Survey,  Menlo 
Park,  CA  94025,  USA,  (3)  Istituto  Nazionale  di  Geofisica,  Roma,  Italy. 
perfettiOjadeite.ens.fr/Fax;  [33]  01  44  32  22  00 

We  consider  five  earthquakes  (Lake  Elsman  1  and  2,  1963,  1964  and  1967 
shocks)  which  were  the  only  events  with  Mi  >  5  during  the  25  years  pre¬ 
ceding  the  1989  Mw=6.9  Loma  Prieta  (LP)  earthquake.  Using  a  dislocation 
program  based  on  Okada  equations,  we  examine  the  stress  transfer  by  the  last 
5  events  on  the  LP  fault  in  2  models  (Wald,  1994  and  Beroza,  1994).  We  show 
that  these  previous  events  have  not  brought  the  LP  fault  closer  to  failure  but 
we  observe  a  correlation  between  the  LP  earthquake  slip  and  the  normal  stress 
distribution.  Different  interpretations  of  this  phenomenon  are  given. 


C159 


Si:24 


EARTHQUAKE  RUPTURE  PROCESS  IN  COMPLEX  MEDIA 
USING  GENETIC  ALGORITHM  BASED  WAVEFORM  INVER¬ 
SION 

J.  Perrot,  R.P.  Young  and  C.  Baker 

Department  of  Earth  Sciences,  Keele  University,  Staffordshire,  STS  5BG,  U.K. 
perrotC«8c.caffl.ac.uk/Fax:  [44]  01782  584115 

The  increasing  development  of  broadband  stations  enables  us  to  analyse  in 
more  details  waveforms  on  seismograms.  Consequently,  seismologists  are  able 
.  to  achieve  precise  rupture  process  models  using  teleseismic  broadband  records. 
In  complex  areas,  propagation  effects  interferes  with  the  source  effects  so  the 
rupture  information  can  not  be  easily  extracted  from  the  recorded  seismic  wave¬ 
forms.  To  insure  a  proper  determination  of  the  source  parameters,  it  is  funda¬ 
mental  to  take  into  account  the  geological  structure  in  the  broadband  waveform 
simulation. 

Using  complicated  media  description  for  the  seismogram  simulation,  the  for¬ 
ward  problem  becomes  complex  and  its  processing  through  an  inversion  proce¬ 
dure  requires  a  non-linear  inversion  approach.  We  have  developed  a  non-linear 
inversion  procedure  using  genetic  algorithm  (GA).  The  depth,  the  fault  param¬ 
eters  and  the  source  time  function  are  the  inverted  parameters  chosen  by  GA. 
The  waveform  simulation  is  performed  using  a  2-D  hybrid  method  (Perrot  et 
ai  1994)  that  allows  us  to  describe  any  kind  of  interface  and  velocity  model. 
We  successfully  applied  this  method  to  a  synthetic  data  set.  The  next  stage  is 
the  application  to  a  real  event. 

Perrot,  J.,  Deschamps,  A.,  Farra,  V.  and  Virieux,  J.,  1994,  Phys.  Earth,  94,  pp.  240*270. 


SEISMIC  SOURCE  STUDIES  OF  EL  SALVADOR  EARTH¬ 
QUAKES 

S.  Peyrat  (1),  E.  Buforn  (2),  R.  Madariaga  (1)  and  A.  Udfas  (2) 

(1)  Ecole  Normale  Superieure,  Paris,  France,  (2)  Universidad  Complutense, 
Madrid,  Spain. 

We  carry  out  a  seismic  source  analysis  of  5  earthquakes  (A/  >  5.5)  which 
occurred  in  El  Salvador  from  1965  to  1997.  Two  of  them  are  associated  to 
the  volcanic  axis  (events  of  1965  and  1986).  Analog  recordings  are  used  to 
estimate  the  focal  mechanism  of  these  events.  Events  of  1982,  1996,  and  1997, 
located  in  the  subduction  zone,  have  been  studied  using  broad-band  teleseismic 
and  strong  motion  data.  Source  parameters  have  been  obtained  combining  P- 
wave  first  motion,  body  wave  modeling  and  inversion,  and  spectral  analysis. 
Estimated  parameters  from  these  different  methods  are  similar.  A  method  for 
modeling  strong  motion  data  has  been  developed.  We  applied  it  to  the  1996 
and  1997  events  using  data  from  a  network  of  accelerometers  recently  installed 
in  El  Salvador.  Results  from  the  1965  and  1986  earthquakes,  show  strike-slip 
mechanisms  with  horizontal  pressure  axis  along  the  volcanic  axis  and  depths 
less  than  20  km.  For  subduction  zone  events,  results  show  intermediate  depths, 
53  —  190  km,  with  horizontal  extension  in  the  NE-SW  direction  for  the  1982 
and  1996  events.  A  reverse-faulting  mechanism  for  the  recent  earthquake  of 
November  1997  was  obtained,  its  azimuth  is  in  good  agreement  with  the  Middle 
America  Trench. 


APPARENT  STRESS  VARIATIONS:  CONSTRAINS  ON  EARTHQUAKES 
GENERATION  MODEL 

M.V.  Rodkin  (Geophysical  Center  RAS,  Molodezhnaya  3, 1 17296,  Moscow,  Russia. 
rodkin@wdcb.rssi.ru) 

Apparent  stresses  in  earthquake  foci  are  examined  using  the  Harvard  CMT  catalog 
and  the  regional  data  about  Middle  Asia  earthquakes.  The  latter  data  base  gives 
possibility  also  to  compare  the  stress  regime  at  rigid  asperities  and  at  the  main 
(weak)  part  of  rupture  zones.  It  was  shown  that  despite  of  a  very  high  variabili^  in 
stress  characteristics  of  individual  earthquakes,  the  robust  estimates  can  be  obtained 
using  the  order  statistics.  Typical  (in  most  cases  median)  values  are  reasonably  stable 
and  display  a  regular  character  of  change.  Among  other  results,  a  few  layers  of 
higher  and  lower  apparentstress  values  corresponding  with  the  depth  structure  of  the 
continental  lithosphere  and  of  the  Benioff  zones  were  detected.  The  results  obtained 
are  discussed  and  interpreted  in  terms  of  the  model  of  earthquake  generation  in 
process  of  metamorphic  transformation  of  matter  closely  interconnected  with  the 
fluid-rock  interaction.  The  results  hardly  can  be  explained  in  terms  of  the  model 
describing  the  earthquake  generation  by  the  increase  in  tectonic  stress  level. 


FAULTING  IN  A  VERTICALLY  INHOMOGENEOUS  MEDIUM 
-  NEGATIVE  STRESS  DROP  BARRIERS 

K.  R.  Rybicki  (1),  T.  Yamashita  (2) 

(1)  Institute  of  Geophysics,  Polish  Academy  of  Sciences,  Warsaw,  Poland, 

(2)  Earthquake  Research  Institute,  University  of  Tokyo,  Japan 
rafal@igf.edu.pl  /Fax:  (48)  (22)  6915  915 

Upward  rupture  propagation  in  strike-slip  mode  is  analysed  in  a  medium  with 
variable  elastic  constants  and  pore  pressure.  It  is  shown  that  the  available  stress 
drop  in  such  a  medium  may  turn  from  positive  into  negative  values  when  a  rupture 
enters  into  layers  of  low  rigidity  and/or  small  pore  pressure.  In  particular,  the 
available  data  of  fluid  pressure  versus  depth  in  sedimentary  basins  within  the  San 
Andreas  fault  system,  California,  indicate  that  variations  of  pore  pressure  alone 
may  result  in  the  negative  stress  drop  of  magnitude  exceeding  10  MPa  at  depth  of 
a  few  kilometers.  It  is  also  demonstrated  that  a  region  of  negative  stress  drop  has 
strongly  suppressing  effect  on  propagating  rupture.  It  means  that  a  new  class  of 
barriers,  characterized  by  negative  value  of  the  stress  drop,  is  proposed,  of  which 
sediments  would  represent  the  most  distinctive  group.  The  presented  model 
provides  then,  among  other  things,  an  alternative  explanation  of  the  suppression 
of  rupture  in  sediments  (the  1966  Parkfield,  the  1979  Imperial  Valley,  ie  1995 
Kobe  earthquakes)  to  that  based  on  the  rate  and  state  variable  friction  law. 


SEISMICITY  AND  SEISMOTECTONICS  OF  PERU 
H*  Tavera  and  E.  Buforn 

Depto  de  Ceoffsica.  Universidad  Complutense,  Madrid  (Spain). 
figeoOTGsis.ucm.es 

Earthquakes  of  Peru  are  associated  to  the  subduction 
process  of  Nazca  plate,  with  focus  at  shallow  (h<60km), 
intermediate  (60shs350  km)  and  deep  lh>350  km)  depth,  but  it 
exists  also  an  important  seismic  activity  at  shallow  depth 
located  at  the  interior  of  Peru  with  origin  in  a  cortical 
deformation  associated  to  intraplate  process  parallel  to  the 
Cordillera.  Vertical  cross  section  of  hypocenters  shows  the 
geometry  of  subduction  with  different  slope  at  southern  and 
a  seismic  gap  at  northern  region.  Seismic  sources  of  16 
earthquakes  occurred  between  1990-1997  have  been  determined 
from  modeling  of  body  waves  and  spectral  analysis.  Results 
show  reverse  faulting  motion  with  horizontal  compression  in 
NE-SW  to  E-W  direction  for  shallow  focus  and  horizontal 
extension  in  NE-SW  direction  at  intermediate  depth  with 
predominant  normal  motion.  For  deep  earthquakes  a  different 
stress  regime  have  been  obtained  at  Brazil  and  Bolivia 
border,  that  may  Indicate  a  different  origin 


SEISMIC  MOMENT  AND  ENERGY  RATIOS  FOR  EARTH- 
QUAKES  IN  SOUTHERN  CALIFORNIA 
Hong  Kie  Thio 

Woodward-Clyde  Federal  Services,  566  El  Dorado  Street,  Pasadena,  Ca  91101. 
hktbioxOOvcc.com/Fax:  [1]  626  449  3536 

The  ratio  between  seismic  moment  and  radiated  energy  can  be  indicative  for 
the  properties  of  earthquake  rupture  like  dynamic  stress  drop.  We  determined 
seismic  moments  for  many  earthquakes  in  Southern  California  ranging  from 
M=3.5  to  M=7.3  using  various  methods.  For  smaller  events,  we  used  surface 
wave  based  moment  tensor  inversions,  for  the  largest  events,  like  the  Northridge 
and  Landers  events  we  also  inverted  teleseismic  body  waves  and  inverted  these 
for  rupture  history.  These  different  methods  give  very  similar  results,  as  do 
comparions  of  our  moments  for  the  smaller  events  with  moments  derived  by 
other  workers  and  we  are  confident  that  these  moments  are  well-constrained. 
Kanamori  et  al.  (1992)  found  a  well-defined  relationship  between  radiated  en¬ 
ergy  and  local  magnitude  and  for  the  smaller  events  we  used  their  relation¬ 
ship  to  determine  the  energy.  For  the  larger  events,  we  also  calculated  the 
energy  by  integrating  over  the  source-time  functions  and  the  finite  rupture. 
For  Northridge,  our  energy  values  are  consistent  with  those  derived  from  the 
local  magnitude  and  for  the  Landers  earthquake  it  is  similar  to  energy  estimates 
obtained  by  several  other  authors.  The  relationship  between  radiated  energy 
and  moment  that  we  find  is  not  linear,  instead  we  find  that  energy  scales  with 
moment  to-the  power  1.2.  This  is  inconsistent  with  a  simple  static  stress-drop 
model  and  we  present  simple  rupture  models  that  can  explain  this  relationship. 
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MAIN  SHOCKS  AND  AFTERSHOCKS  OF  THE  1997  UMBRIA- 
MARCHE  (ITALY)  EARTHQUAKE  SEQUENCE 
Amato  A.  (1),  Azzara  R.  (1),  Basili  A.  (1),  Chiarabba  C.  (1),  CtmtniG.B.  (1), 
Cocco  M.  (1),  Di  Bona  M.  (1),  Margheriti  L.  (1),  Mazza  S.  (1),  Mele  F.  (1), 
Selvaggi  G.  (1),  Courboulex  F.  (2),  Deschamps  A.  (2),  Gaffet  S.  (2),  BittareUi 
G.  (3),  Chiaraluce  L.  (3),  Piccinini  D.  (3)  and  Ripepe  M.  (3) 

(1)  Istituto  Nazionale  di  Geofisica,  Roma,  Italy,  (2)  Geosciences  Azur, 
CNRS/UNSA,  Nice,  France,  (3)  Lab.  Geofisica,  Universita’  di  Camerino,  Italy. 
anatoeingrm.it 

A  long  sequence  of  earthquakes,  six  of  which  with  magnitude  between  5  and  6, 
struck  Central  Italy  starting  from  September  26, 1997.  The  three  largest  shocks 
caused  severe  damage  and  loss  of  human  lives  in  Umbria  and  Marche.  The  seis* 
mogenic  structure  consists  of  a  N  W-SE  elongated  fault  zone  extending  for  about 
40  km.  The  focal  mechanisms  of  the  largest  shocks  reveal  normal  faulting  with 
extension  perpendicular  to  the  trend  of  the  Apennines,  consistently  with  the 
Quaternary  tectonic  setting  of  the  internal  sector  of  the  belt  and  with  previous 
earthquakes  in  adjacent  regions.  We  discuss  the  main  shocks  and  aftershocks 
hypocentral  locations,  proposing  that  extension  in  this  region  of  the  Apennines 
is  accomplished  by  normal  faults  dipping  at  low  angle  (30-40  degrees)  to  the 
southwest,  and  confined  in  the  upper  10  km  of  the  crust.  These  normal  faults 
might  have  reactivated  thrust  planes  of  the  Pliocene  compressional  tectonics. 
The  aftershock  distribution  and  the  damage  patterns  also  suggest  that  each  of 
the  three  main  shocks  have  ruptured  distinct  5  to  15  km-long  fault  segments, 
adjacent  and  probably  slightly  offset  between  each  other. 


STRONG  GROUND  MOTIONS  DURING  THE  1997  UMBRIA- 
MARCHE  EARTHQUAKE  SEQUENCE 

Berardi,  R.  ic  ENEL  Accelerometric  Network  working  group  (1), 
Marsan  P.  ic  SSN  Seismic  Monitoring  working  group  (2),  Deschamps,  A. 
Nice  University  research  group  (3)  and  Di  Bona,  M.  k  ING  research  group  (4) 
(1)  ENEL,  Via  De  Pretis  45A,  Rome,  (2)  Servizio  Sismico  Nazionale,  ViaCur- 
tatone  3,  Rome,  (3)  University  Sophia-Antipolis,  250  Av.  Einstein,  Valbonne, 
France,  (4)  Istituto  Nazionale  di  Geohsica,  Via  di  Vigna  Murata  605,  Rome. 

We  present  the  strong  ground  motion  data  set  recorded  during  the  recent 
seismic  sequence  that  occurred  in  central  Italy  on  September-October  1997. 
Ground  motion  time  histories  have  been  recorded  from  the  permament  sta^- 
tions  of  the  ENEL  strong  motion  network,  by  broad  band  sensors  (Guralp 
CMG40  and  CMG5)  deployed  by  the  University  of  Nice  and  by  the  Istituto 
Nazionale  di  Geofisica  during  a  temporary  survey  of  the  epicentral  zone  and 
by  the  permanent  and  temporary  stations  deployed  by  the  Servizio  Sismico 
Nazionale.  We  present  the  sensor  characteristics  and  the  available  frequency 
bandwidth  of  recorded  digital  data.  We  list  values  of  peak  ground  acceleration 
and  velocity,  and  we  show  ground  shaking  maps  during  the  largest  earthquakes 
of  the  seismic  sequence. 


REGIONAL  SEISMOTECTONIC  CONTEXT  OF  THE 
SEPTEMBER-OCTOBER  1997  COLFIORITO  EARTHQUAKES  (CENTRAL 
ITALY) 

Paolo  Boncio  &  Giusy  Lavecchia 

Dipartimento  di  Scienze  della  Terra  -  66013  Chieti  Scab,  Italy 
e-mail :  pboncio@unich.it,  glavecchia@unich.it 

The  September-October  1997  Colfiorito  earthquakes  and  their  aftershocks  are 
distributed  within  a  30  km  long  band  extending  NNW-SSE  from  Gualdo  Tadino  to 
Preci.  This  band  is  located  in  an  intermediate  position  between  two  well  known 
seismic  areas:  the  Gubbio  area,  to  the  north,  and  the  Norcia  area,  to  the  south.  For. 
these  areas,  earthquake  and  microearthquake  stress  inversion  analysis  indicates  a 
tensional  stress  field  with  SW-NE  trending  minimum  principal  stress  axis.  The  focal 
mechanisms  of  the  Colfiorito  events  show  prevailing  NW-SE  normal  faulting,  giving 
a  further  evidence  for  SW-NE  active  extension  in  the  Umbria-Marche  Apennines.  As 
ftu*  as  it  concerns  a  possible  seismogenetic  model,  the  Gubbio  and  Norcia  seismicity 
has  been  interpreted  as  related  to  the  activity  of  west-dipping  normal  faults  detaching 
on  a  major  east-dipping  low  angle  normal  fault  zone.  An  analogous  model  is  here 
proposed  for  the  Colfiorito  area  on  the  basis  of  surface  and  subsurface  geological  data, 
integrated  with  the  distribution  and  kinematics  of  the  September-October  seismic 
events. 


EVIDENCE  FOR  HIGH  VERTICAL  ACCELERATIONS  DURING  THE 
1097  UMBRIA-MARCHE  (CENTRAL  ITALY)  EARTHQUAKES 

M.  Bouchon  (1),  S.  Gaffet  (2),  C.  Cornou  (1),  M.  Dietrich  (1),  3.-P.  Glot  (1), 
F.  Courboulex  (2),  A.  Caserta  (3),  G.  Cultrera  (3)  and  R.  Guiguet  (1) 

(1)  LGIT  UMR  C5559  CNRS,  France,  (2)  UMR  Geosciences  Azur  6526  CNRS, 
Sophia-Antipolis,  France,  (3)  ING,  Rome,  Italy. 

Michel. Bouclioii0obs.ujl~granobl6.lr/Fax:  [+33]  (0)4  76  82  81  01 
We  found  extensive  evidence  that  the  vertical  ground  accelerations  produced  during 
the  main  shock  of  the  earthquake  sequence  exceeded  1  g  at  several  locations.  One  such 
set  of  evidence  comes  from  the  area  north  of  the  village  of  Annifo,  a  region  where 
extensive  surface  ruptures,  indicative  of  a  normal  fault  mechanism,  are  present.  We 
observed  that  most  of  the  rocks  and  stones  which  are  numerous  in  this  regbn  of 
smooth  hills  and  scattered  limestone  outcrops  had  been  fteshly  moved,  overturned, 
ftactuted  and  broken  throughout  a  zone  extending  over  about  a  kibineter  on  either 
side  of  the  surface  ruptures.  The  freshness  of  the  cuts  and  fractures  and  the  consis- 
tancy  of  the  observations  for  thousands  of  rocks  and  stones  indicate  that  they  were 
thrown  upwards  during  the  earthquake,  with  breakage  occurring  at  the  time  of  im¬ 
pact.  We  observed  the  same  phenomenon  in  another  area  located  about  5  km  to  the 
northwest  of  this  zone.  Although  we  did  not  observe  surface  ruptures  there,  this  area 
lies  along  the  strike  direction  of  the  surface  ruptures  present  at  the  first  site.  These 
observations  confirm  that  the  surface  ruptures  in  the  hills  north  of  Annifo  are  the  sur¬ 
face  breaks  of  the  seismic  fault.  Other  evidence  that  vertical  accelerations  exceeded 
1  g  at  some  locations  comes  from  the  heavily  damaged  village  of  La  M(^a,  located 
about  20  km  northwest  of  Annifo.  Observations  and  eyewitness  accounts  clearly  in¬ 
dicate  that  several  heavy  free-standing  objects  were  thrown  up  in  the  air  during  the 
earthquake.  We 'present  some  numerical  simulations  of  these  ground  accelerations. 


EFFECTS  OF  LOCAL  AMPLIFICATION  AT  TWO  STRONG-MOTION 
STATIONS  AS  INFERRED  FROM  SMALL  AFTERSHOCKS  DURING  THE 
UMBRIA-MARCHE  SEISMIC  SEQUENCE 

Caserta  A.  ( I ),  F.  Marra  ( I ).  and  A.  RovcIIi  ( 1 ) 

(1)  Istituto  Nazionale  di  Geofisica,  Rome,  Italy 
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During  the  seismic  sequence  started  since  September  26, 1997  in  the  Umbria-Marche 
border,  two  close-distance  stations  (namelly  Nocera  Umbra  and  Colfiorito)  belonging 
to  the  Italian  accelerometric  network  managed  by  ENEL  (the  Italian  electric  power 
agency)  recorded  more  than  one  hundred  earthquakes.  In  order  to  separate  the  site 
from  ^e  source  contribution  in  this  important  data  set,  a  detailed  investigation  of  the 
local  seismic  response  has  been  performed  at  these  two  sites.  This  analysis  includes  a 
study  of  the  geological  conditions  and  measurements  of  weak  motions  using  ID  and 
2D  small-aperture  arrays.  Significant  amplifications  emerge  from  the  aftershocks 
recording  confirming  the  predominant  role  played  by  nearsurface  geology. 
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On  the  26th  of  September  1997,  when  the  Umbria-Marche  seismic  sequence 
started,  three  local  seismic  networks  have  been  operating  in  the  central  Apen¬ 
nines.  The  networks  include  a  total  of  eighteen  digital  seismic  stations  within 
a  radius  of  two  hundred  kilometers  from  the  epicentral  area.  Each  station 
is  equipped  with  the  same  kind  of  digital  record  system  (MARS88)  and  3- 
component,  short-period  sensors.  The  networks  have  recorded  a  homogeneous 
and  unique  data  set  which  covers  the  whole  seismic  sequence  (fore,  main  and 
aftershocks).  This  data  set,  enriched  with  the  data  recorded  by  15  mobile  sta¬ 
tions  deployed  in  the  epicentral  area  from  the  18th  of  October,  is  used  to  test 
and  improve  our  knowledge  on  the  crustal  models  to  be  used  for  the  earthquake 
location  procedures. 
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Starting  with  the  18th  of  October,  1997,  a  U  stations  seismic  network  was 
deployed  in  the  southern  part  of  the  epicentral  area  of  the  Umbria-Marche 
sequence.  The  network  was  installed  between  the  town  of  Sellano,  severely 
damaged  by  the  M8s5.5  of  October  14,  and  the  town  of  Norcia  and  covered 
an  area  of  approximately  30  x  30  krn^.  Additional  coverage  was  provided  by 
4  stations  located  in  the  northern  part  of  sequence.  Overall,  we  have  found 
that  the  location  of  the  stations  in  the  Southern  part — 5  inner  and  6  outer 
stations — allowed  for  optimal  monitoring  of  the  earthquake  sequence. 

The  instrumentation  consisted  of  10  Lennartz  Le-3D  (5  s  and  1  s)  seismometer 
equipped  with  MarsLite  recording  on  230  MBytes  optical  disks  and  5  Mark  L- 
22  3-D  (2  Hz)  seismometers  with  RefTek  72A  acquisition  on  l.O  GBytes  HD. 
The  network  operated  for  a  total  of  16  days  and  during  this  period  it  recorded 
more  than  two  hundred  earthquakes  with  magnitude  larger  than  2.5.  In  this 
poster,  we  fully  illustrate  the  network  and  the  type  of  seismic  data  that  have 
been  recorded. 
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We  have  used  the  data  collected  by  the  15  stations  network  installed  by  the 
GNDT-DISTER/OGS-DINMA  and  SSN  working  group  to  determine  accurate 
earthquake  locations  in  the  Southern  part  of  the  epicentral  area  of  the  Umbria- 
Marche  earthquake  sequence.  In  order  to  obtain  accurate  earthquake  locations, 
we  have  used  P-  and  S-wave  arrival  times  from  a  total  of  approximately  200 
earthquakes  from  which  we  have  obtained  a  best  fitting  1-D  velocity  model  for 
the  target  area.  Our  preliminary  results  indicate  a  model  featuring  velocities 
as  high  as  6.4  at  6  km  depth.  The  average  weighted  root  mean  square  of  the 
residuals  for  this  model  is  approximately  0.060  s.  Overall,  our  results  show 
that  1)  the  seismicity  follows  the  NW-SE  trend  of  the  Apennines,  2)  most  of 
the  earthquakes  display  normal  faulting  although  we  have  also  isolated  some 
earthquakes  having  both  reverse-  and  strike-slip  mechanism  and  3)  the  seismic¬ 
ity  in  the  area  features  some  distinct  earthquake  clusters  located  as  far  South 
as  Norcia. 


PRELIMINARY  ANALYSIS  OF  THE  SURFACE  EFFECTS  PRODUCED  BY 
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A  field  survey  was  performed  during  the  1997  Umbrian-Marche  seismic  sequence, 
with  the  aim  to  investigate  the  co-seismic  surface  deformations.  Several 
morpho-structura!  elements  associated  with  the  mainshocks  (ML>5)  were  identified 
and  analyzed.  The  geometry  of  the  surface  ruptures  is  generally  consistent  with  the 
extensional  mechanisms  from  CMT  focal  solution  of  the  major  shocks.  At  present,  the 
deformation  pattern  does  not  appear  to  reflect  primary  faulting.  In  the  most  intensive 
ground  deformation  area,  some  of  the  fractures  are  associated  to  known,  steeply 
south-dipping,  norma!  faults,  while  others  occur  where  no  structure  has  been 
previously  mapped.  Ultimately,  the  surface  observation  was  compared  to  the  expected 
elevation  changes,  through  the  modelling  of  different  source  parameters.  The 
interpretation  of  geological  data  versus  seismological  data  allowed  us  to  make  some 
hypothesis  about  the  seismotectonics  of  the  area. 


PRE-SEISMIC  SLIP  ON  THE  26/IX/1997,  UMBRIA-MARCHE 
EARTHQUAKE  FAULT?  UNEXPECTED  CLUES  FROM  A  COM¬ 
PARISON  OF  SEISMOMETRIC  AND  LEVELING  DATA 
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On  26  September  1997,  two  moderate  size  earthquakes  (Mw  5.7  and  6.0)  rup¬ 
tured  two  sections  of  an  unusually  shallow  dipping  normal  fault  beneath  the 
Umbro-Marchigiano  Apennines  producing  no  unambiguous  surface  faulting. 
The  proximity  of  Line  21  of  the  Italian  first  order  leveling  network  to  the  source 
region  allowed  us  to  explore  any  vertical  strains  that  the  region  may  have  ex¬ 
perienced  between  the  past  two  surveys  (1992-1951),  that  is,  at  the  end  of  the 
cycle  of  preparation  of  the  two  earthquakes.  The  observed  elevation  changes 
exhibit  a  long-wavelength  trend,  probably  associated  with  bulk  uplift  of  the 
Apennines,  and  a  series  of  5-15  km  wavelength  anomalies  of  unknown  origin. 
We  calculated  the  expected  coseismic  elevation  changes  using  a  seismological 
model  fault  inferred  from  short-period  and  teleseismlc  data.  Quite  surprisingly, 
some  of  the  anomalies  appear  coherent  in  sign  with  the  expected  coseismic  sig¬ 
nal,  particularly  in  the  subsiding  area  where  observations  are  more  consistent, 
but  much  smaller  in  magnitude.  Although  this  coherence  is  too  blurred  to  be 
taken  as  due  to  motion  exactly  on  the  mainshock  fault  plane,  it  is  hardly  coin¬ 
cidental.  The  IGMI  is  planning  the  releveling  of  Line  21  and  of  other  significant 
lines  to  constrain  better  the  fault  geometry,  particularly  its  anomalous  dip,  and 
to  substantiate  the  case  for  pre-seismic  slip  on  the  mainshock  fault  plane. 
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Strong  site  effects  have  been  observed  during  the  two  Ms  5.5  and  Ms  5.9  main  shocks 
of  the  Colfiorito  seismic  crisis  which  began  on  September  26,  1997  in  Umbria-Marche 
(Central  Italy).  The  most  obvious  indication  of  these  site  effects  ate  the  dramatic 
differences  in  damage  shown  by  constructions  of  the  same  nature  in  neighbouring 
villages.  In  order  to  study  the  ground  amplifications  in  the  fault  area,  we  deployed  an 
array  of  12  seismic  stations  equipped  with  3-component  L22  seismometers  and  CMG5 
accelerometers  in  the  Verchiano  valley  south  of  Colfiorito.  The  profile  spanned  the 
bottom  of  the  valley  with  a  spacing  of  100  m  between  two  adjacent  stations,  up  to 
the  top  of  Mount  San  Salvatore,  420  m  above  the  valley.  This  network  worked  in 
continuous  mode  for  five  days  and  recorded  two  magnitude  4  and  more  than  ten 
magnitude  3  earthquakes.  Seismic  active  experiments  using  a  24-channel  acquisition 
system  and  14  Hz  vertical  and  horizontal  geophones  were  conducted  at  the  same 
time  in  the  500  m  wide,  1500  m  long  Verchiano  valley  in  order  to  determine  the 
thickness  and  characteristics  of  the  alluvial  infilling.  A  preliminary  interpretation 
of  the  data  using  refracted  arrivals  and  converted  PS  reflections  indicates  that  the 
alluvium  thickness  in  the  central  part  of  the  valley  is  about  65  m,  with  P  and  S  wave 
velocities  respectively  equal  to  1500  and  500  m/s. 
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A  linear  array  of  9  seismic  stations  (3D  L22  and  CMG5)  was  set  up  across  the  middle 
part  of  the  sedimentary  filled  valley  of  Verchiano  (10  km  south  from  Colfiorito)  dur¬ 
ing  1997/10/20-24  period.  The  Verchiano  village  and  the  Colle  and  Camino  hamlets 
located  inside  of  the  valley  were  heavily  damaged  (intensity  X  MCS)  since  the  2  main 
shocks  of  1997/09/26.  During  the  experiment,  the  valley  was  mainly  enlightened  by 
the  Colfiorito  (10  km  north)  and  the  Sellano  (6  km  south)  active  seismic  swarms. 
2  reference  stations  were  also  defined:  the  first  one  was  installed  in  the  village  of 
Curasci  (2  km  east  from  Verchiano)  where  no  destruction  occured,  and  the  second 
one  on  the  top  of  Mount  San  Salvatore  between  Curasci  and  Verchiano  where  a  church 
was  destroyed,  (i)  Compared  to  the  valley  side  ground  motion,  and  for  most  of  the 
events  recorded,  the  recordings  in  the  central  part  of  the  valley  (piano  di  Verchiano) 
show  an  amplification  of  the  lower  frequencies  (factor  »  2-4  under  9  Hz)  associated 
with  a  clear  lengthening  of  the  seismogram  duration  (factor  »  1.5-2).  (it)  The  small 
aperture  of  the  array  implies  that  the  radiation  pattern  of  the  sources  should  not  be 
invoked  to  explain  the  variability  of  the  amplitude  recorded  on  the  valley  side.  Thus, 
the  influence  of  the  source  hypocenter  vs  the  valley  geometry  and  the  linearity  of  the 
ground  motion  amplitude  vs  the  event  magnitudes  will  be  simulated  and  discussed  in 
comparison  to  the  Curasci  reference  site. 
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The  recent  earthquakes  which  struck  the  Central  Apennines  on  September  26, 
1997  (at  00:33  Mu,  =  5.7  and  09:40  Mu.  =  6.0)  and  on  October  14  (Mu,  =  5.7) 
occurred  in  a  region  which  includes  a  GPS  network.  The  most  recent  survey 
of  the  area,  made  by  the  Italian  Military  Geographic  Institute  (IGM),  spans 
the  interval  1993-1995.  After  the  earthquake,  monuments  from  this  network 
were  occupied  with  GPS  to  measure  co-seismic  displacements.  We  observed 
a  maximum  horizontal  displacement  of  about  10  centimeters  and  maximum 
subsidence  of  about  20  centimeters.  By  a  trial  and  error  approach  we  modelled 
the  co-seismic  displacement  held  to  yield  a  source  mechanism.  The  starting 
model  was  inferred  from  focal  mechanisms,  source  time  functions  and  aftershock 
distribution.  The  dislocation  model  resulting  from  this  analysis  shows  a  good 
agreement  with  the  fault  plane  solution  and  provides  a  strong  constrain  on  the 
minimum  depth  of  faulting,  that  has  to  be  in  the  first  3  km. 
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On  the  26th  of  September  1997  the  Umbria-Marche  region  was 
struck  by  a  seismic  sequence  which  damaged  an  area  of  about 
400  km2.  The  main  epicentres,  according  to  preliminary 
intrumental  data  and  macroseismic  evidence,  are  located  In  an 
area  where  the  seismic  activity  is  rather  high,  In  terms  of  either 
magnitude  and  frequency,  but  not  uniform.  The  1997 
sequence,  infact,  seams  to  fill  a  gap  inside  the  Apennine 
seismic  belt  resulting  from  an  elapsed  time  of  at  least  700 
years  since  the  1279  earthquake. 

In  this  paper  the  active  tectonics  of  the  Apennine  sector 
affected  by  the  sequence  Is  described  toghether  with  the 
analysis  of  the  main  characteristics  of  the  seismicity.  It  has 
been  carried  out  a  comparison  between  the  long-term 
seismicity  and  the  known  active  faults  of  the  area. 

The  relationship  between  the  historical  earthquakes  and  the 
active  tectonics  framework  allows  to  address  some 
fundamental  problems,  such  as  the  difference  in  lenght  of  the 
faults  northward  and  southward  the  L'Aquila  fault  sistem,  the 
more  fragment^  structural  5’amework  of  the  Apennine  sector 
north  of  Norcia  and  the  possible  'Viggering"  between  adjacent 
faults,  which  are  related  to  the  seismic  regime  which 
characterises  the  central  Apennine. 
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During  September-October  1997,  a  seismic  sequence  with  three  main  shocks  (Ms  5.5, 
5.9,  on  Sept.  26.  and  Ms  5.5  on  Oct.l4)  have  struck  the  Umbria-Marche  region 
(Central  Italy),  between  the  villages  of  Nocera  Umbra  and  Sellano.  According  to  the 
historical  seismic  catalogue  an  earthquake  of  M<6.5  occurred  in  this  area  in  1279. 
followed  by  moderade  energy  events  in  1791  A.D.  and  1838  A.D.  (M=5.2  and  5.8). 
Recent  seismic  events  occurred  in  1984.  with  Ms  5.2  Gubbio  earthquake  to  the  north, 
and  in  1979,  with  Ms  5.9  Norcia  earthquake  immediately  to  the  south.  Although 
earthquake-induced  sliding  of  debris  have  been  observed  and  mapped  in  the  epicentral 
area  along  the  fault  scarps  of  the  primary  active  normal  faults,  no  real  surface  faulting 
were  associated  with  the  main  two  first  shocks  of  September  26.  By  contrast,  the  third 
shock  of  October  14  produced  discontinuous  NW-SE  coseismic  tectonic  ruptures 
(between  60  m  and  500  m  long)  along  a  total  length  of  5  km.  The  tectonic  features  of 
coseismic  ruptures  and  active  faults,  are  in  good  agreement  to  the  CMT  focal 
mechanism  solutions  that  indicate  normal  faulting  for  the  three  main  shocks.  Our 
results  provide  additional  information  on  surface  tectonic  ruptures  caused  by 
moderate-sized  earthquake,  yielding  some  constraints  on  the  selsmotectonic 
Implications.  The  Colfiorito  earthquake  sequence,  is  a  complex  multi-shocks  on  three 
main  fault-fragments  of  the  Central  Apennines. 
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Coseianic  surface  breaks  have  revealed  a  complex  pattern  of  extensional 
tectonic  structures  and  secondary  features  during  the  Colfiorito  eardtquake 
sequence  (three  mainshocks  with  Ms  5.5  and  5.9  the  10/26/97,  and  Ms  5.5 
die  10/14/97).  Surface  ruptures  visible  along  a  total  length  of  5  km  were 
associated  with  the  third  seismic  event  (focal  depth  at  6  ±0.5  km,  ING 
communication).  Surface  ruptures  show  4  cm  of  average  vertical  slip,  with 
about  $  cih  of  opened  cracks  and  a  slip  vector  pointing  out  a  normal  slip 
widi  4  ^ight  left-lateral  component  along  the  Renaro-Mevale  fault.  In 
contrast,  the  coseismic  rupture  did  not  emerge  at  die  surface  during  the  two 
first  ^ocks.  The  analysis  of  norma!  faulting  mechanism  at  depth  and 
surface  geology,  combined  with  seismic  moments  of  mainshocks,  shows 
three  distinct  NW-SE  trending  and  $W  dipping  active  faults,  along  a  total 
length  of -20  km,  and  with  a  listric  geometry  at  depth.  We  define  the  small- 
size  fault  ruptures  as  fault  fragments  that  refer  to  the  minimum  fault-area 
required  for  producing  a  visible  coseismic  deformation  at  die  ground 
surface.  The  coseismic  rupture  episodes  occurred  on  the  three  fault 
fragments  showing  a  right  stepping  en  echelon  geometry,  and  apparently 
ccmtrolled  by  transverse  structures  with  basement  outcrops.  These 
transverse  structures  seem  to  have  acted  as  a  barrier  to  the  rupture 
propagation.  According  to  the  late  (Quaternary  deformation  of  die  region, 
previous  seismic  events  occurred  repeatedly  on  fault  fragments  widi  similar 
endpoints  rather  than  along  a  single  major  fault  segment. 


SOURCE  PROPERTIES  OF  THE  CENTRAL  ITALY  EARTH¬ 
QUAKE  SEQUENCE  OF  SEPTEMBER-OCTOBER  1997 
Andrea  Morelli  (1),  Marco  Olivieri  (1),  Goran  Ekstrom  (1,2),  Adam  M. 
Dziewonski  (2)  and  Enzo  Boschi  (1) 

(1)  Istituto  Nazionale  di  Geofisica,  00143  Rome,  Italy,  (2)  Department  of  Earth 
and  Planetary  Sciences,  Harvard  University,  Caunbridge  MA02138,  USA. 

The  larger  earthquakes  in  the  Central  Italy  seismic  sequence  of  September- 
October  1997  are  analyzed  using  long-period  and  broadband  seismograms 
collected  from  the  Global  Seismographic  Network,  including  several  stations 
of  the  MEDNET  seismograph  network.  For  the  three  largest  earthquakes, 
Centroid-Moment  Tensors  (CMT)  are  determined  using  primarily  teleseismic 
body  waveform  and  the  standard  Harvard  CMT  algorithm.  The  smaller  events 
(4.3  <  Mw  <  5-5)  are  analyzed  using  a  modified  CMT  algorithm,  which  relies 
on  the  inversion  of  intermediate  period  surface  waves  recorded  at  local  and 
regional  distances.  Focal  depth  and  rupture  propagation  are  analyzed  by  in- 
vereion  of  teleseismic  broadband  body  waves.  The  earthquakes  are  located  at 
shallow  depth  (around  5  km)  and  are  characterized  by  normal  faulting  mecha¬ 
nisms,  with  a  nearly  NE-SW  tension  axis,  and  the  presumed  fault  plane  dips 
at  a  shallow  angle  towards  the  SW.  The  rupture  of  the  mainshock  shows  north¬ 
ward  (and  updip)  directivity.  Only  one  of  the  events  considered  has  a  different 
faulting  geometry,  indicating  instead  right-lateral  strike-slip  faulting  on  a  plane 
oriented  approximately  E-W,  or  left-lateral  faulting  on  a  plane  oriented  N-S. 
The  September  26  mainshock  (09:26  UT)  accounts  for  only  approximately  50% 
of  the  total  moment  release  in  the  sequence. 
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STATIC  STRESS  CHANGES  AND  FAULT  INTERACTION  DUR¬ 
ING  THE  1997  UMBRIA-MARCHE  EARTHQUAKE  SEQUENCE 
Nostro  C.  (1),  Cocco  M.  (1)  and  Ekstrom  G.  (1,2) 

(1)  I.  N.  G.,  Rome,,  (2)  University  of  Harvard,  USA. 

The  central  Apennines  (Umbria-Marche)  were  struck  during  september-october 
1997  by  a  seismic  sequence  which  started  with  a  foreshock  on  September  4  and 
consisted  of  six  earthquakes  whose  magnitudes  range  between  5  and  6.  The 
moment  magnitude  of  the  mainshock  is  6.0.  These  earthquakes  occurred  within 
a  seismogenic  volume  that  is  elongated  in  the  Apenninic  direction  for  roughly  40 
km.  Focal  mechanisms  resulting  from  CMT  solutions  indicate  normal  faulting 
on  shallow-angle  faults.  We  study  the  static  stress  changes  caused  by  the  shear 
dislocations  along  these  fault  planes.  Because  locations  and  focal  mechanisms 
of  the  aftershocks  from  the  dense  temporary  network  are  not  yet  available, 
we  limit  our  investigations  to  the  largest  magnitude  events.  Our  goal  is  to 
investigate  if  the  mainshock  induced  stress  changes  can  explain  the  occurrence 
of  the  large  magnitude  aftershocks.  The  rupture  of  shallow  angle  normal  faults 
(dip  angles  range  between  35°  and  45°  arises  the  question  of  the  orientation  of 
the  regional  tectonic  stress  and  of  probable  fault  reactivation. 


Origin  of  the  sound  produced  by  the  Colflorito's  Earthquakes 

M.IUPEPE+*,G.Bittarelli*,L.Chiaraluce*,D.Piccinini*  and  P.Poggi#. 

•  Dlpartimento  Scienze  della  Terra  -  Camerino. 

+  Dipartimento  Scienze  della  Terra  -  Firenze 

#  Istituto  Nazlonale  di  Ottica  Firenze. 

The  seismic  sequence  of  Colfiorito,  in  the  Central  Apennines,  of  the 
September-October  1997  has  been  characterized  by  strong  "rumbles”  associated  with 
the  large  part  of  the  earthquakes.  This  strong  sourid  was  mainly  heard  by  the 
popolation,  living  in  the  epicentral  area.  The  acoustic  waves  have  been  recorded  by 
infrasonic  sensors  in  the  same  sites  of  the  seismic  stations.  The  analysis  of  the 
infrasonic  and  the  seismic  signal  allowed  to  establish  the  physical  nature  of  the 
phenomenon.  The  sound  is  not  produced  by  the  ground  displacement  at  the  source,  as 
inferred  for  the  infrasonic  wave  associated  to  big  earthquakes,  but  it  seems  to  be  due 
to  the  coupling  of  the  seismic  waves  with  the  atmosphere. 


CEOLOGICAl,  EFFECTS  OF  THE  SEPTEMBER  26,  1997 
EARTHQUAKES  IN  CENTRAL  ITALY 

Viltori  E.  for  the  GNDT  (National  Group  for  Protection  against  Earthquakes, 
Italy)  Research  Units  UNI-Camerino*  and  ANPA»Roma^ 

*  Cello  G.,  Deiana  G.,  Mangano  P.,  Mazzoli  S.,  Tondi  E.  -  Earth  Science 
dept.,  Universitd  di  Camerino,  Italy 

^  Fcrreli  L.,  Maschio  L.,  Michetti  A.M.,  Serva  L.,  Vittori  E.  -AfIPA  (National 
Agency  for  Environmental  Protection).  Roma.  Italy;  email: 
viitori@dns.  anpa.  it 

On  September  26,  1997,  two  earthquakes,  M.-5.7  and  M„»6.0.  occurred  in 
the  axial  zone  of  the  Umbria-Marche  Apennines  of  Central  Italy.  Two  other 
shocks  of  M.-5.5  and  M,“5.7  occurred  on  October  3  and  14,  respectively. 
The  epicentres  of  the  first  three  events  are  located  in  the  Colfiorito  basin,  an 
intramontane  tectonic  basin  infilled  with  Quaternary  continental  deposits;  the 
last  event  occurred  nearby  the  Colfiorito  basin  to  the  SE,  near  the  village  of 
Sellano.  Right  after  the  SepL  26  main  shocks,  field  inspection  of  the  capable 
faults  in  the  Colfiorito  basin,  already  mapped  by  the  Camerino  group, 
revealed  that  the  Colfiorito  border  fault,  the  Tolagna  fault  and  the  Costa  fault 
had  been  locally  reactivated.  Typically  we  observed  free-faces  with  height  in 
the  range  of  2-8  centimetres  at  the  base  of  late  Pleistocene  to  Holocene 
carbonate  bedrock  slickensides  for  lengths  of  several  hundreds  of  metres. 
End-to-end  surface  rapture  length  is  8  km,  1.8  km  and  1  km  for  the 
Colfiorito.  Tolagna  and  Costa  fault,  respectively.  The  local  gedmorphic, 
stratigraphic  and  structural  setting  clearly  shows  dtat  the  observed  ground 
displacements  are  related  to  fault  slip  rather  than  ground  failure  due  to 
shacking.  This  surface  faulting  has  a  remarkable  tectonic  significance, 
because  it  occurs  along  the  faults  that  are  responsible  for  the  recent  tectonic 
evolution  of  the  area. 


The  1997  CoIHortto  Earthquake  Sequence  (Central  Italy):  Insights  on  the 
Mainshock  Ruptures  from  Near  Source  Strong  Motion  Records 

A.^IIo{I),  G.Bongiovanni(2),  A.Herrero(l),  S.Marcucci(3)  and  G.MiIana(3) 

(1)  Dipartimento  di  Scienze  Fisiche,  Universita'  di  Napoli  "Federico  II" 

(2)  Enea,  Rome 

(3)  Servizio  Sismico  Nazionale,  Rome 

A  small  size  foreshock  and  the  three  mainshocks  of  the  Colfiorito  earhquake  sequence 
which  occurred  on  September, 26  (00:33(GMT)  ML  5.5,  09;40  ML  5.8)  and  on 
October,  14  (15:23,  ML  5.4)  have  been  recorded  by  a  set  of  permanent  and  portable  3C 
accelerometers  owned  by  ENEA  and  SSN.  In  particular,  unsaturated  recordings  of  the 
four  events  are  available  at  the  SSA2  acceterographs  located  in  Assisi  (max  PGA 
0.18  g),  20  km  NW  of  the  epicentral  area,  aimed  to  monitor  the  monastery 
(http://www.dstn.pcm.it/ssn/index.html).  The  mainshocks  have  been  recorded  by  a 
minimum  of  4  and  a  maximum  of  10  accelerographs  at  distances  between  20  km  and 
90  km  of  the  epicentral  area.  Body  wave  arrival  times  and  polarizations  inferred  from 
strong  and  short  period  data  are  used  to  constrain  the  location  of  the  fracture  origin 
point,  the  fault  geometry  and  mechanism  of  the  events.  S>wave  polarigrams  and  source 
time  functions  obtained  by  Empirical  Green  function  deconvolution  are  analyzed  in 
order  to  investigate  the  sub>event  complexity  and  the  kinematic  behaviour  of  the 
faulting  episodes.  Based  on  these  fault  kinematic  models,  inferences  on  fault  slip 
distribution  are  obtained  by  modeling  the  S  acceleration  waveforms. 


SOURCE  INVERSION  AND  MACROSEISMIC  MODELLING 

FOR  THE  UMBRIAN-MARCHE  MAIN  EVENTS 

Sarab  A.  (1),  Romanelli  F.  (1,2),  Costa  G.  (1)  and  Panza  G.F.  (1,3) 

(1)  Dipartimento  di  Scienze  della  Terra,  University  of  Trieste,  Via  Weiss  1, 
Trieste,  Italy,  (2)  GNDT,  Via  Nizza  128,  Rome,  Italy,  (3)  The  Abdus  Salam 
international  Centre  of  Theoretical  Pbysiscs,  SAND  Group,  TVieste,  Italy. 

We  studied  the  two  main  events  of  the  Umbrlan-Marche  sequence  of  September 
1997.  The  source  parameters  have  been  obtained  by  moment  tensor  inversion. 
Only  two  stations  with  three  components  have  been  used  to  get  the  results 
which  are  in  good  agreement  with  the  CMT  solutions.  Several  detailed  struc¬ 
tural  models,  coming  from  different  studies,  have  been  used  in  the  analysis.  The 
macroseismic  models,  corresponfding  to  the  inverted  and  to  the  CMT  solutions, 
have  been  determined  using  the  synthetic  seismograms  calculated  by  the  modal 
summation  technique;  such  models  are  compared  to  the  observed  macroseismic 
field  in  order  to  test  the  reliability  of  the  proposed  models. 
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Convener;  Lykke-Andersen,  H. 

Co-Convener:  Brancolini,  G. 


OPTIMAL  GRID  CHOICE  FOR  LINEAR  TOMOGRAPHY 

PROBLEMS 

W.  Debski 

Department  of  Earth  Sciences,  Keele  University,  Staffordshire,  STS  5BG,  U.K.. 
ggcOO#cc.kaele.ac.uk/Fax:  [44]  1782  711076 

The  problem  of  the  optimal  choice  of  the  source-receivers  layout  for  tomography 
imaging  as  well  as  the  optimal  grid  choice  are  discussed.  The  approach  based 
upon  analysis  of  the  resolution  matrbc  for  a  linear,  12  -  norm  based  tomography 
problem  is  studied. 


SHARP  DECONVOLUTION  WITH  APPLICATION  TO  SUP¬ 
PRESSION  OF  MULTIPLES 
M.S.  Biryulina  and  G.A.  Ryzhikov 

Institute  of  Physics,  University  of  Bergen,  N-5007  Bergen,  Norway. 
Gennady.Ryzhikovefi.uib.no 

A  novel  approach  to  deconvolution  is  suggested,  which  is  illustrated  with  mod¬ 
ified  predictive  deconvolution  for  elimination  of  multiples  from  marine  data. 
A  new  objective  function  for  the  respective  filter  design  jointly  with  a  proper 
choice  for  predication  distance  and  operator  length  gives  a  base  for  so  called 
sharp  deconvolution.  The  function  assumes  that  the  noise  in  the  correspond¬ 
ing  convolution  model  is  colored,  the  well-known  prewhitening  is  substituted 
with  a  ’’precoloring”  induced  by  auto-correlations  of  seismic  traces  and  an  ex¬ 
tra  term  is  also  included;  an  Entropy  of  Image  Contrast.  The  latter  is  minimal 
when  the  "image”  of  the  earth’s  reflectivity  is  the  most  contrast,  sharp.  To  some 
extend  the  approach  combines  predictive  and  spiking  deconvolutions  without  a 
shot-waveform  estimation:  it  yields  suppression  of  multiples  jointly  with  recon¬ 
struction  of  desired  reflectivity  series.  On  its  turn  a  rather  accurate  estimation 
of  the  reflectivity  of  a  sea-floor  and  an  upper  part  of  the  underlying  subsurface 
allows  us  to  eliminate  not  only  water-layer  reverberations  but  intra-bed  and 
pegleg  multiples.  The  effectiveness  of  reflectivity  reconstruction  by  sharp  de- 
convolution  is  dependent  on  the  validity  of  assumptions  in  the  method,  which 
provides  for  an  unbiased  estimate  of  the  reflectivity  when  the  latter  can  be 
represented  with  the  minimal  number  of  inherent  parameters. 

The  method  is  demonstrated  with  processing  of  synthetic  and  real  marine  data. 
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NEAR  SURFACE  SEISMIC  EXPERIMENTS  ON  AN  ANTICLI¬ 
NAL  FLANK.  FIELD  AND  NUMERICAL  DATA. 

Pierre-Henri  Germa,  Herve  Perroud,  Dominique  Rousset  and  Guy  Senechal 

UMR  Imagetie  Geophysique,  Universite  de  Pau  et  des  Pays  de  I’Adour,  Avenue 

de  rUniversite,  64000  Pau,  France. 

germa#iprrs3. univ-pau.fr/Fax:  [-+33]  5  59  92  31  86 

Near  surface  seismic  imaging  gives  very  good  results  when  the  structure  of 

the  geologic  target  presents  a  simple  geometry.  But  we  wanted  to  test  this 

know-how,  in  a  complex  tectonic  structure.  We  choosed  an  anticlinal  flank  as 

a  test  site.  The  layers  outcrop  and  dip  strongly  (30  degrees).  The  variations  of 

lithology  (limestones,  marls...)  induce  very  important  changes  in  the  thickness 

of  the  weathered  zone  and  the  elastic  behaviour  of  the  ground. 

The  field  data  recorded  on  this  site  present  great  changes  in  terms  of  8p«tral 
content  and  signal  to  noise  ratio,  related  to  the  lithology.  Reflected  signals 
appear  rarely,  hidden  by  a  strong  ground-toll.  Many  diffractions  ate  observable. 
Numerical  experiments  were  carried  on.  The  models  used  get  only  two  layers. 
The  less  competent  one  (marls)  is  recovered  by  a  slow  thin  layer  (a  weathered 
zone),  the  more  competent  one  (limestones)  outcrops.  Simulations  made  by 
solving  the  wave  equation 'give  data  closed  to  field  data,  and  show  that  we 
must  consider  P,  S,  tayleigh  waves,  and  conversions  to  explain  the  observed 
phenomenon.  Experiments  made  by  ray  tracing  allow  us  to  get  informations 
about  the  reflect^  signals,  and  the  origin  of  diffractions. 

Those  results  should  allow  us  to  recognize  the  informations  the  field  shots 
gathers  may  get. 


HIGH  RESOLUTION  SEISMIC  STRATIGRAPHY  OF  PALMER 
DEEP:  A  FAULT  BOUNDED  LATE  QUATERNARY  SEDIMENT 
TRAP  ON  INNER  CONTINENTAL  SHELF,  ANTARCTIC 
PENINSULA  PACIFIC  MARGIN 

A  Camerlenghi  (1),  M.Rebesco  (1),  L.DeSantis  (1),  E.W.Domack  (2)  and 
M.E.Kirby  (3) 

(1)  OGS,  Trieste,  Italy,  (2)  Hamilton  College,  Clinton  N.Y.  USA,  (3)  Syracuse 

University,  Syracuse  N.Y.,  USA 

acamerIenghi@ogs.trieste.it 

The  Palmer  Deep  is  a  small  enclosed  bathymetric  depression  up  to  1400  m  deep 
containing  a  thick  (about  270  m)  sediment  fill  that  includes  at  its  top  a  ultra-high 
resolution  Holocene  record  of  a  proximal  glacial  depositional  environment.  It  is 
suggested  that  this  seafloor  depression  acted  as  subglacial  "lake”  beneath  the  ice  sheet 
at  times  of  glacial  maximum. 

A  comparative  high  resolution  single  channel  seismic  stratigraphic  study  has  been 
conducted  using  a  deep  tow  boomer  (HUNTEC),  a  GI  gun  (2.5 1)  and  a  small  volume 
conventional  air  gun  (0.25  1).  An  attempt  to  survey  the  area  with  a  0.16 1  water  gun 
has  proven  unsatisfactory  because  of  excessive  water  depth  and  low  signal  to  noise 
ratio  induced  by  surface  waves.  The  results  of  the  surveys  have  allowed  us  to  obtain 
a  complete  high  resolution  seismic  stratigrpahic  scheme  of  the  sediment  fill  and  the 
correlation  of  shallow  reflectors  detected  with  deep-  and  surface-towed  sources. 

The  three  surveys  have  permitted  the  location  of  sites  for  ODP  drilling  (Leg  178, 
February-April  1998)  in  the  narrow  seafloor  depression.  The  ground  truthing  of  the 
seismic  stratigraphy,  obtained  by  drilling,  will  be  presented  as  preliminary  result. 


DEVELOPEMENT  AND  OPTIMIZATION  OF  NEW  METH¬ 
ODS  TO  DECONVOLVE  DATA  OF  INTRUMENTAL  DEVICES: 
■y  VERSION 

D.  Gibert  (2),  M.  Holschneider  (3),  G.  Saracco  (4)  and  HP.  Valero  (1) 

(1)  CNRS-UPR  4661,  Lab.  Geophysique  Interne,  Campus  de  Beaulieu,  Bat  15, 
F-35042  Rennes  cedex,  France,  (2)  CNRS-UPR  4661,  Lab.  Geophysique  In¬ 
terne,  Campus  de  Beaulieu,  Bat  15,  F-35042  Rennes  cedex,  France,  (4)  CNRS- 
UPR  4661,  Lab.  Gfophysique  Interne,  Campus  de  Beaulieu,  Bat  15,  F-35042 
Rennes  cedex,  France,  (3)  (^NRS-Centre  de  Physique  Theorique,  case  907,  Lu- 
miny,  F-13288  Marseille  cedex  09,  France. 
bolsOcpt.univ-nrs.fr/Fax:  [33]  4  91  26  9553 

We  have  developped  an  experiment  in  acoustic  curve  to  studie  wave  propaga¬ 
tion.  The  frequency  response  of  the  different  devices  of  the  experiment  corrupt 
the  recorded  data.  The  aim  of  this  work  consists  of  data  deconvolution  of  the 
global  instrumental  response  of  all  equipments  and  sensors  to  correct  recorded 
data.  We  propose  two  method  to  build  the  experimental  filter  necessary  to  real¬ 
ize  this  deconvolution.  The  first  method  uses  the  simple  reconstruction  formula 
of  the  wavelet  transform  and  the  secund,  more  general,is  founded  on  building 
a  filter  basis.  These  two  methods  based  on  a  reconstruction  formula  avoid  the 
classical  problem  due  to  deconvolution.  We  test  these  two  methods  on  synthetic 
examples  firstly  and  on  real  data  recorded  in  acoustic  curve. 
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ANALYZING  AND  FILTERING  OF  COMPLEX  WAVETRAINS 
IN  BOREHOLE  WITH  THE  CONTINUOUS  WAVELET  TRANS- 
FORM:  7  VERSION 

D.  Gibert  (2),  G.  Saracco  (3)  and  HP.  Valero  (1) 

(1)  CNRS-UPR  4661,  Lab.  Geophysique  Interne,  Campus  de  Beaulieu,  Bat  15, 
F-35042  Rennes  cedex,  France,  (2)  CNRS-UPR  4661,  Lab.  Geophysique  In¬ 
terne,  Campus  de  Beaulieu,  Bat  15,  F-35042  Rennes  cedex,  France,  (3)  CNRS- 
UPR  4661,  Lab.  G^physique  Interne,  Campus  de  Beaulieu,  Bat  15,  F-35042 
Rennes  cedex,  France. 

ginetCuniv-rennesl.fr/Fax;  [33]  2  99  28  60  90 

We  propose  a  method  to  analyse  and  filtering  complex  wavetrains  in  borehole 
with  the  continuous  wavelet  transform.  This  method  is  based  on  two  steps: 
Firstly  we  use  the  wavelet  transform  to  analyse  complex  wavetrain  recorded 
in  borehole.  The  time  frequency  representation  allow  us  to  detect  precisely 
the  wavetrains  corresponding  to  the  interfaces  waves  that  corrupt  recorded 
data  in  borehole  (Stoneley  wave  etc...)  After  this  analysis  we  select  the  part  of 
the  time  frequency  plan  corresponding  to  the  interface  waves  that  we  want  to 
filter.  We  use  the  reconstruction  formula  of  the  wavelet  transform  to  rebuild 
the  wavetrains  associated  with  this  part  of  the  time  frequency  plan.  At  this 
moment  we  have  the  exact  signature  of  the  interface  waves,  so,  we  can  easily 
filter  them  of  the  recorded  data.  To  test  this  method  we  realized  an  acoustic 
experiment,  in  a  miniature  concrete  borehole  in  an  acoustic  curve.  We  observe 
the  same  problems  that  in  real  full  waveform  data  acquisition.  We  show  the 
result  of  this  filtering  method  on  these  real  data. 


DEVELOPEMENT  AND  OPTIMIZATION  OF  A  METHOD  OF 
SEISMIC  ENDOSCOPY  IN  BOREHOLE  IMAGING:  7  VERSION 
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The  aim  of  this  work  concerns  the  development  of  an  endoscopic  borehole 
seismic  method  for  imaging  a  volume  for  some  meters  around  the  borehole.The 
concept  of  this  method  is  based  on  directionally  sensitive  data  recorded  in  the 
borehole,  so  as  to  detect  the  precise  azimuthal  location  of  an  object  relative  to 
the  borehole.  Due  to  rotation  tool  in  the  borehole,  it  is  necessary  to  correct  the 
recorded  data.To  do  this,  we  apply  a  special  azimuthal  correction  based  on  the 
same  principle  as  Normal  Move  Out.  We  have  called  this  method  .Azimuthal 
Move  Out  (AMO).  We  show  the  results  of  this  correction  on  data  recorded  in 
the  acoustic  tank.  The  principal  problem,  if  we  want  to  obtain  an  image  around 
the  borehole,  is  the  range  of  different  waves  (Stoneley,  Pseudo  Rayleigh,...) 
which  mask  the  reflections  that  come  from  borehole  far  fleld.  We  propose  a 
new  method  based  on  a  dynamical  correction  based  on  the  decentring  tool 
in  borehole  to  Alter  this  waves.  We  have  called  this  new  correction  S.VIO.  for 
Stoneley  Move  Out.  We  show  some  results  of  this  filtering  method  on  data 
acquired  in  a  miniature  concrete  model  borehole  in  an  acoustic  tank.  At  the 
end  we  propose  an  algorithm  to  realize  a  three-dimesional  imaging  around  the 
borehole. 


GENERATING  OF  DIRECTIONNAL  BESSEL  BEAMS  FROM 
SOURCES  IN  A  HYPERPLAN:  APPLICATION  IN  GEOSISMIC 
EXPLORATION.  SUBMISSION:  7  VERSION 
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The  analysis  of  geological  structure  is  generally  done  with  the  help  of  point 
sources  generating  spherical  waves.  These  highly  symmetric  waveforms  do  not 
have  any  privileged  direction  a  priori.  We  propose  a  method  to  generate  direc- 
tionnal  non  diffracting  beams  in  a  arbitrary  observation  point  of  a  homogeneous 
half  space  from  sources  located  at  a  hyperplane.  We  show  that  there  is  a  crit¬ 
ical  angle  below  which  thus  waves  cannot  be  generated  any  more.  In  case  the 
angle  is  subcritical,  we  prove  a  sampling  theorem  allowing  the  generation  of 
Bessel  beams  from  infinitely  many  isolated  point-sources.  We  discuss  how  this 
analysis  allows  a  directional  recomposition  of  seismic  traces. 


HIGH  RESOLUTION  SEISMIC  SURVEYING  IN  THE  EASTERN 
DANISH  NORTH  SEA 

M,  Huusg 

Department  of  Earth  Sciences,  University  of  Aarhus,  Denmark 
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During  the  years  1994-97,  approximately  6000  km  of  high  resolution  seismic  pro¬ 
files  were  acquired  in  the  eastern  part  of  the  Danish  North  Sea  sector  employing  the 
Danish  research  vessel  F/S  DANA  (94-96)  and  the  survey  vessel  Gribben  (97).  Post¬ 
stack  bandwith  of  the  data  is  40- 1 80  Hz  providing  a  vertical  resolution  in  the  order  of 
5-10  m  and  penetration  to  1-2  s  TWT  (1-2  km).  Basic  equipment  consists  of  a 
cluster  of  4  sleeve  guns  with  a  total  volume  of  70  cu.  inch,  and  a  144  m,  24  channel 
streamer  (94-96)  or  a  600  m,  96  channel  streamer  (97).  Shot-interval  was  12.5  m 
resulting  in  6  or  24  fold  coverage.  Data  were  processed  using  ProMAX  (6.0)  on  a 
SUN  Sparc  20  workstation.  Main  problems  encountered  were:  lack  of  penetration  in 
rough  weather  and  short  period  sea  bed  multiples.  Lack  of  penetration  was  irretrie¬ 
vable  but  multiples  could  be  suppressed  during  the  processing.  Predictive  deconvo¬ 
lution  was  applied  with  varying  success  whereas  radon-filtering  proved  very  success- 
full  in  removing  the  shallowest  and  most  problematic  multiples.  Among  the  most 
conspicuous  geological  features  seen  on  the  seismic  data  are:  Channels  and  mounds 
in  the  lop  of  the  Upper  Cretaceous  to  Danian  Limestone,  Oligocenc  and  Miocene 
southward  prograding  deltas,  thiusied  (?)  sediment  packages  detaching  near  the  mid- 
Miocene  unconformity  and  a  large  system  of  more  than  300  m  deep  and  a  few  km 
wide  buried  Quaternary  valleys.  Furthermore  amplitude  anomalies  indicate  the  pre¬ 
sence  of  considerable  amounts  of  gas  in  some  parts  of  the  Cenozoic  succession. 


EXPERIENCES  FROM  SHALLOW  REFLECTION  SEISMICS 
OVER  GRANITIC  ROCKS  IN  SWEDEN 
C.  Juhliu  (1) 
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Most  reflection  seismic  experiments  in  Sweden  have  been  on  a  crustal  scale,  but 
a  number  of  high  resolution  surveys  with  targets  in  the  upper  kilometer  of  crust 
have  also  been  carried  out.  In  these  shallower  surveys  we  have  often  had  access 
to  boreholes  for  control  of  our  interpretations.  Three  of  the  surveys  reviewed 
here  were  carried  out  with  station  spacings  of  5  or  10  m  (Dala  Sandstone, 
Finnsjon,  Avro)  while  the  other  two  surveys  were  of  a  more  regional  character 
(Siljan  Ring.  Varmland).  Results  from  these  latter  two  are  shown  since  they 
provide  good  images  on  conditions  at  depths  of  less  than  2  km.  In  granitic  rock 
type  environments  in  Sweden  two  predominant  sources  to  seismic  reflections 
are  found,  dolerite  intrusions  and  fracture  zones.  Dolerites  were  found  directly 
in  the  deep  wells  in  the  Siljan  impact  structure  and  were  inferred  to  be  present 
from  the  seismic  data  in  the  Dala  Sandstone  area.  Similar  sub-horizontal  reflec¬ 
tions  have  also  been  found  below  the  Bothnian  Sea.  The  dolerites  represent  high 
impedance  layers  in  the  host  granitic  rock  and  are  sub-horizontal  to  gentle  dip¬ 
ping.  The  fracture  zones  contain  free  water  and,  thus,  represent  low  impedance 
layers  in  the  granitic  host  rocks.  They  can  be  sub-horizontal  to  steeply  dipping 
and  are  generally  less  laterally  continuous  than  the  dolerites.  Polarity  analyses 
of  the  seismic  data  is  a  method  to  differentiate  between  dolerites  and  fracture 
zones  in  granitic  rocks. 


SOME  IMPLICATIONS  OF  THE  FIRST-ORDER  ELASTIC 
WAVE  RAY  THEORY  FOR  INHOMOGENEOUS  ISOTROPIC 
MEDIA 
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We  are  concerned  with  two  very  different  effects  of  inhomogeneity  of  the  media 
described  by  the  first-order  ray  theory.  I.  Weak  Boundary  where  the  velocities  and 
the  density  are  continuous  but  their  derivatives  suffer  jumps,  does  not  influence  on 
the  description  of  seismic  waves  when  only  the  zero-order  term  of  ray  series  is  taken 
into  account.  Important  is  the  transmission  zone,  modelled  by  a  layer  with  constant 
velocity  gradient,  framed  with  two  weak  boundaries.  We  consider  all  the  waves 
reflected,  transmitted,  converted  at  each  boundary,  which  are  forming  the  resulting 
wave  reflected  from  the  layer.  For  all  the  wave  species  rather  simple  expressions  are 
found.  lI.Dilatation  of  the  S  wave  is  described  in  smoothly  inhomogeneous 
isotropic  medium  via  employment  of  both  the  zero-  and  first-order  terms  of  the  ray 
theory.  It  is  observed  that  the  dilatation  is  necessarily  dependent  upon  the 
inhomogeneity  of  the  medium,  vanishing  in  the  instance  the  medium  is  taken 
homogeneous.  This  research  was  done  in  response  to  the  progress  made  in  the  field 
of  extensometry  and  we  are  motivated  to  investigate  the  effects  of  inhomogeneities 
on  the  dilatation  of  S  waves,  which  can  nowdays  be  measured  directly.  This  may 
prove  imporatnt  in  wave  discrimination. 
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MULTI-SCALE  SEISMIC  INVESTIGATIONS,  DANISH  NORTH  SEA  - 
ILLUSTRATED  BY  DETAILED  MAPPING  OF  THE  RUBY  SALT  DIAPIR 

J.O.  Lelh  ( 1 ),  M.  Huuse  (2)  and  E.  Narmark  (2) 
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A  5-year  joint  mapping  project  commenced  last  year  with  800  km  of  multi-scale 
seismic  data  being  acquired  in  the  eastern  Danish  North  Sea.  The  objective  of  these 
investigations  is  to  cover  the  entire  Danish  North  Sea  Sector  within  the  5-year  pe¬ 
riod,  enabling  very  detailed  mapping  of  the  Cenozoic  development  of  the  area.  The 
multi-scale  investigations  simultaneously  employ  a  96-channel  sleeve-gun  system 
(40-250  Hz),  boomer  (450-2000  Hz)  and  side  scan  sonar  (500  kHz),  providing  very 
high  resolution  (better  than  1  m  in  the  shallow  subsurface)  and  moderate  penetration 
(1500-2000  ms).  Integrating  the  different  datasets  has  strong  implications  for  the 
interpretation  of  surface,  near-surface  and  deep  expressions  of  various  geological 
processes.  These  include:  salt  tectonics,  sediment  deformations,  glacial  phenomena 
and  post-glacial  development  of  the  area.  This  is  illustrated  by  an  integrated  study  of 
the  “Ruby”  salt  structure  situated  in  the  salt  dome  province  in  the  NE  part  of  the 
Danish  North  Sea.  Multi-channel  seismics  image  deeper  parts  of  the  structure  from 
the  base  of  the  Upper  Ctetaceous-Danian  Chalk  Group  to  the  base  of  the  Quater¬ 
nary,  whereas  the  boomer  data  image  the  Tertiary-Quaternary  boundary  and  the 
structure  of  the  Quaternary  deposits  which  thin  dramatically  across  the  structure. 
Side  scan  sonar  and  boomer  data  both  reveal  a  slight  updoming  of  the  seabed  across 
the  structure.  This  feamre  and  the  occurrence  of  an  onlapping  Postglacial  succession 


Screw  seismics 

Egon  Nermaik  (1),  Holger  Lykke-Andetsen  (I),  and  lohn  Qdegaard  (2). 
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Previously,  0degaard  A/S  and  Texaco  Ltd.  (Kevin  Davies,  Gary  Hampson, 
and  lohn  0degaard)  have  demonstrated  that  it  is  possible  to  use  screw  noise 
as  a  marine  seismic  source.  The  generation  of  bubbles  near  the  propeller  arnl 
their  collapse  (cavitations),  ate  of  main  importance  for  the  noise  generation. 
Further  investigations  have  been  carried  in  the  North  Sea  by  use  of  Dana,  a 
Danish  research  vessel.  It  has  been  demonstrated  that  reflected  energy  can  be 
achieved  to  a  depth  of  about  KXX)  ms  two-way  traveltime.  Data  are  processed 
very  much  like  vibroseis  data.  The  streamer  signals  are  correlated  with  the 
screw  noise,  which  is  detected  by  hydrophones  mounted  in  the  hull  right 
above  the  propeller.  Intensive  use  of  FK-fillering  is  applied  in  order  to  sup¬ 
press  energy  coming  directly  from  the  source.  Systematic  recordings  of  the 
noise  spectra  have  demonstrated  that  low  pitch  (propeller  angle)  and  high 
propeller  speed  give  maximum  cavitadon  and  thereby  maximum  source 
energy.  The  source  spectra  are  relatively  flat  for  frequencies  between  40  Hz 
and  200  Hz,  which  is  also  the  frequency  range  of  interest  for  shallow  seismic 
investigadons.  The  peak  frequency  is  present  at  about  70  Hz.  The  main 
frequency  range  for  me  screw  noise  can  to  a  certain  extent  be  controlled  me 
pitch  and  propeller  speed. 
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APPLICATION  OF  HIGH-RESOLUTION  SEISMICS  ON  RIVERS  FOR 
NEOTECTONIC  AND  RIVER  DYNAMIC  STUDIES 
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Several  high-resolution  seismic  surveys  have  been  carried  out  on  me  two  major 
rivers  of  me  Pannonian  basin  during  me  last  two  years.  These  surveys  included 
bom  single-channel,  ultra-high  resoludon  boomer  and  muld-channel,  high- 
resolution  air-gun  surveys.  The  two  rivers  represented  very  differem  geological 
scenarios.  River  Tisza  is  a  meandering  river  flowing  above  me  subsiding  part  of 
me  basin.  Below  me  present  day  river  course  ancient  river  beds  have  been  imaged. 
The  collected  profiles  form  a  superb  dataset  for  stratigraphic  and  river  dynamic 
studies  and  several  indications  of  paleoclimatic  variations  have  been  observed. 
River  Danube  on  the  other  hand  flows  aboVe  an  uplifting  part  of  me  basin  and  me 
very  min  recent  river  deposits  overlay  a  strongly  deformed  Oligocene  strata.  The 
very  low  water  level  late  1997  exposed  me  rocks  in  me  riverbed,  mus  geological 
mapping  and  sampling  of  me  previously  surveyed  area  was  possible.  Densities  and 
acoustic  velocities  have  been  measured  on  me  rock  samples  and  modelling  based 
on  the  measured  physical  properties  has  been  carried  out.  The  results  have  been 
compared  with  me  single-  and  multi-channel  dau.  Faulting  could  be  observed  and 
compared  at  three  different  scales,  outcrop,  ultra-high  resolution  (0.1  m)  and  high- 
resolution  (1-5  m)  scales. 


ULTRA-HIGH  RESOLUTION  SEISMICS  ON  THE  LAKE  BALATON, 
HUNGARY:  PROCESSING  AND  INTERPRETATION 
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In  September.  1097  a  single-channel  ultra-high  re.sulution  seismic  survey  was  carried 
out  on  the  lake  BalaUm.  Hungary.  A  boomer  source  and  a  line-in-cone  hydrophone 
group  built  on  the  same  catamaran  body  was  tested  for  the  first  time  on  the  take 
with  exceptionally  good  results.  The  average  water  depth  of  the  lake  Balaton  is  3  m 
and  2-3  in  thick  Holocene  mud  covers  the  underlying  Pleistocene  strata.  This  thin 
mud  layer  represents  a  gradual  transition  between  the  water  and  me  older 
Pleistocene  sandstone  strata,  therefore  only  week  multiples  were  generated  on  hoth 
the  water-mud  and  me  mud-sandstone  interface.  This  fortunate  geological  situation 
and  the  very  low  noise  level  achieved  during  the  survey  ensured  SO  m  penetration 
and  0.1  ni  po.st-processed  resolution.  Very  fine  layering  of  the  Holtwene  mud  was 
revealed  indicating  climatic  variations  during  me  last  few  thousamd  years.  Strong 
angular  unconformity  has  been  observed  between  me  Holocene  and  the  Pleistocene 
strata.  The  strongly  tilted  and  deformed  older  lacustrine  sediments  show  several 
remarkable  tectonic  and  stratigraphic  features.  All  this  has  been  imaged  at  outcrope 
.scale  on  the  -seismic  records.  The  paper  presents  the  highlights  of  more  man  200  km 
lines  collected.  Acqusition  and  processing  details  will  be  discussed  together  wim 
tectonic  and  .stratigraphic  interpretation. 


3D  SEISMIC  MODELLING  OF  COMPLEX  MEDIA  BY  THE 
MORTAR  METHOD 
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The  adoption  of  spectral  elements  for  the  computational  treatment  of  wave 
propagation  problems  brings  a  significant  reduction  in  the  number  of  grid- 
points  to  be  used  in  order  to  avoid  numerical  dispersion.  On  the  other  hand, 
the  finite  element  method  allows  a  greater  flexibility  in  dealing  with  problems 
posed  on  higly  irregular  domains  and/or  involving  complex  constitutive  laws. 
We  present  an  effective  hybrid  finite  element  -  spectral  element  method  for 
the  approximation  of  elastic  wave  equations  in  3D  domains  which  allows  to 
exploit  the  good  features  of  both  the  methods  mentioned  above.  Our  coupling 
algorithm  is  based  on  the  “relaxation”  of  the  continuity  condition  on  the  in¬ 
terface  between  regions  where  the  two  different  methods  are  used,  namely  the 
mortar  projection  method.  The  resulting  algorithm  enjoys  optimal  accuracy. 
We  illustrate  its  practical  implementation  along  with  validations  on  2D  and 
3D  significant  test  cases. 
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TREATMENT  OF  CORNER  AND  BOUNDARY  EFFECTS  IN 
ELASTODYNAMIC  NUMERICAL  SIMULATION 
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Numerical  simulation  of  elastic  waves  propagation  by  resolution  of  the  wave 
equation  requires  to  introduce  an  artificial  boundary.  It  must  be  treated  in  such 
a  way  that  we  simulate  a  semi-infinite  medium.  Classical  absorbing  boundary 
conditions  are  quite  unefficient  for  grazing  and  Rayleigh  waves.  VVe  propose  2 
methods  to  attenuate  signal  due  to  boundary  and  comer  effects.  Both  consist 
in  enlarging  the  geological  velocity  model  and  in  perturbating  it  in  this  area. 
We  called  the  first  one  "scattering  bands”.  The  velocity  model  is  perturbed 
by  a  gaussian  function  on  small  discs  randomly  distributed  in  the  bands.  The 
reflections  on  the  boundaries  are  replaced  by  scattering  noise  which  is  not  corre¬ 
lated  and  then  disappear  on  the  stacked  data.  The  second  method  is  specialty 
designed  to  attenuate  comer  effects.  It  is  based  on  the  concept  of  ”anechoic 
chamber”  in  acoustic  methods.  We  add  tips  near  the  surface  comers  and  im¬ 
pose  a  large  velocity  contrast  with  the  first  layer.  Their  geometrical  parameters 
are  fixed  by  the  wavelength  of  the  seismic  signal.  These  tips  act  like  waveguides 
which  trap  the  undesirable  signal.  They  are  particularly  efficient  to  make  re¬ 
flected  and  diffracted  Rayleigh  waves  disappear  at  the  corners.  We  propose 
another  geometry  of  the  tips  for  borehole  and  3D  seismic  simulation. 


PSEUDOSPECTRAL  METHODS  FOR  GLOBAL  SEISMOLOGY 
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Today’s  high-quality  data  warrant  models  with  3-D  heterogeneity  and 
anisotropy,  requiring  fast  and  accurate  forward  solution  methods.  Many  such 
methods  have  been  developed,  each  of  them  with  its  problems:  coupled-mode 
theory,  direct  solution  methods,  ray  theory  and  finite  differences.  Pseudospec- 
tra!  methods,  relatively  new  to  the  numerical  repertoire,  promise  a  practical 
and  general  means  of  solving  the  wave  equation.  Like  finite  differences,  they 
work  in  the  time  domain;  however,  the  wavefield  is  represented  as  a  Fourier  sum, 
producing  highly  accurate  spatial  derivatives.  This  greatly  reduces  the  number 
of  required  grid  points,  making  pseudospectral  schemes  practical  oq  high-end 
workstations.  Although  pseudospectral  methods  have  previously  proven  effec¬ 
tive  in  local  seismology,  they  have  not  yet  been  applied  to  problems  in  global 
seismology.  Difficulties  special  to  the  global  problem  include  a  significantly 
non-Cartesian  geometry,  widely  varying  model  parameters  and  sharp  contrast 
of  parameters  at  the  core-mantle  boundary.  We  are  developing  pseudospec¬ 
tral  methods  for  global  seismology,  focusing  on  the  difficulties  inherent  to  the 
global  problem,  especially  the  boundary  conditions.  We  have  implemented  a 
^D  Fourier  pseudospectral  code  in  spherical  geometry  and  have  matched  its 
output  to  that  of  normal  modes.  Future  use  of  the  pseudospectral  method  in 
global  seismology  will  incorporate  the  Earth’s  ellipticity,  3-D  mantle  hetero¬ 
geneity,  laterally  variable  crustal  structure  and  surface  topography. 


3-D  Numerical  Seismic  Modeling  In  Global  Seismology 

Heiner  Igel,  Instimte  of  Theoretical  Geophysics,  Cambridge,  UK 

To  understand  the  full  wave  signature  of  geodynamical  features  such  as  subduction 
zones,  hot  spots,  lowermost  mantle  stracture  (D"),  etc.  numerical  solutions  to  the  wave 
equation  in  spherical  geometry  are  required.  Several  algorithms  are  presented  for 
different  domains  of  application  (e.g.  rotationally  symmetric  media,  spherical 
sections,  sphere)  using  a  variety  of  numerical  techniques  (finite  differences, 
pseudo-spectral  method,  natural-neighbour  techniques  on  irregular  grids).  These 
algorithms  are  implemented  on  parallel  (symmetric)  hardware  using  High  Performance 
Fortran.  The  accuracy  of  these  different  methods,  their  capabilities  and  limitations  will 
be  discussed.  Examples  for  wave  propagation  through  models  of  subducting 
lithosphere  obtainded  by  numerical  modelling  of  mantle  convection  demonstrates  the 
necessity  for  complete  wavefield  calculations  in  global  seismology. 


3D  SEISMIC  MODELLING  OF  A  TOPOGRAPHY  USING  A 
TIME-DOMAIN  BOUNDARY  ELEMENT  METHOD 
F.  Janod  and  O.Coutant 

Laboratoire  de  Geophysique  Interne  et  Tectonophysique,  38041  Grenoble, 
France. 
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We  present  a  boundary  element  method  to  compute  the  diffraction  of  seismic 
waves  by  a  3D  topography  overlying  a  homogeneous  elastic  half-space.  This 
method  is  based  on  an  integral  representation  of  the  displacement  and  traction 
fields,  derived  from  Somigliana’s  identity.  The  discretization  scheme  approx¬ 
imates  the  interface  with  a  collection  of  disks  that  allows  to  regularize  the 
singularities  of  the  kernels  to  integrate.  Calculations  are  performed  in  the  time 
domain  with  a  time-step  small  enough  to  ensure  that  the  boundary  conditions 
are  expressed  in  an  explicit  manner  and  that  no  linear  system  has  to  be  solved. 
The  performances  of  this  algorithm  ate  satisfactory:  the  computation  does  re¬ 
quire  less  than  100  MB  of  core  memory  for  a  75x75  gtidsize,  and  it  takes  few 
hours  on  a  workstation. 

We  show  some  results  for  the  diffraction  of  incident  plane  waves  and  point 
sources  by  3D  topographies  (hemispherical  cavity,  gaussian  hill,  ...).  Although 
a  rough  surface  discretization  is  used,  3  to  4  points  per  minimum  wavelength 
ate  enough  for  out  results  to  compare  well  with  other  methods  (e.g.  finite  dif¬ 
ferences,  pseudo-spectral  methods),  even  for  sharp  boundaries.  Our  next  step 
will  be  to  treat  mote  complicated  models  with  multiple  layers  and  possibly 
non-homogeneous  media. 


COMPUTER  MODELLING  OF  SEISMIC  EVENTS  IN  THE  CASE 
OF  DEGENERATION  OF  THE  REGION 
N.  Lavrov 

Institute  for  Problems  of  Mechanical  Engineering  of  Russian  Academy  of 
Sciences,  Bolshoi  pt.  61,  St.-Petersburg,  199178,  Russia. 
lavToveeuler. lpme.ru/Fax:  (812)  217-86-14 

3-D  elastodynamic  problem  for  a  half-space  is  considered  in  the  case  that  the 
region  under  interest  is  thin  and  its  large  linear  size  is  comparable  with  the 
wavelength  of  the  dynamic  process  studied.  The  degeneration  of  the  region 
into  a  line  (a  mountain  ridge,  a  valley,  a  river,  a  tunnel,  a  strip  foundation)  or 
into  a  surface  (a  coal  seam)  makes  it  hard  to  implement  numerical  solution. 
On  the  basis  of  asymptotic  analysis  fulfilled  the  original  dynamic  problem  is 
reduced  to  the  superposition  of  two  problems  of  decreased  dimension.  The  first 
one  is  governed  by  an  integral  equation  over  a  mid-line  (a  median  suface)  and 
describes  3D  dynamic  effects  of  the  process.  The  second  one  is  2D  (ID)  quasi¬ 
static  problem  and  describes  the  deformation  in  the  transversal  direction.  The 
unknown  displacement  is  calculated  numerically.  The  results  present  a  good 
test  to  fully  numerical  solutions. 


SEISMIC  RESPONSE  OF  3D  TOPOGRAPHICAL  IRREGULARITIES  UNDER 
INCOMING  ELASTIC  WAVES  FROM  POINT  SOURCES 

Luz6n''  ”  F..  F.J.  Sdnchez  Sesma  A.  Gil  A.Posadas*'  ",  M.  Caflabate*",  and  M. 
Navarro"-'’ 

(I)  Deparlamento  de  Fisica  Aplicada.  Universidad  de  Almerfa.  (2)  Institute  Andaluz 
de  Geofisica.  (3)  Institute  de  Ingenierfa,  UNAM.  Mdxico 
fluzon@ualm.es/  Fax:  ■(■34  50  21SS34 

We  study  some  effects  that  produce  3D  topographical  irregularities  under  incoming 
elastic  waves  from  point  sources  using  the  indirect  boundary  element  method.  This 
technique  is  based  on  the  representation  of  elastic  waves  in  terms  of  single-layer 
boundary  sources.  In  this  way  reflected  and  diffracted  waves  are  constructed  at  the 
boundaries  from  where  they  are  radiated  by  means  of  boundary  sources.  The  field 
emmited  from  the  point  source  is  computed  with  the  moment  tensor  for  a  shear 
dislocation  and  analytical  expressions  of  the  elastodynamic  3D  Green's  functions.  In 
this  way  we  can  construct  a  double  couple  with  variable  orientation.  We  compare  the 
technique  with  that  of  Bouchon,  who  used  the  discrete  wave  number  method  for  a 
shear  dislocation  in  a  halfspace  with  a  triangular  source  function.  We  subsequently 
apply  our  method  to  simulate  the  seismic  response  of  mountains  and  cavities  of 
ellipsoidal  geometry.  The  source  function  that  we  have  considered  is  a  triangular 
pulse  and  we  show  results  corresponding  to  synthectic  seismograms  of  velocity 
registered  over  the  surface  of  the  irregularity  and  that  of  the  halftpace.  The  seismic 
motion  is  presented  also  by  means  of  different  snapshots  showing  the  evolution  of  the 
wavefields  that  are  present  in  the  problem. 
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SIMULATED  ANNEALING  IN  3-D  SEISMIC  MODELLE^G:  ELASTIC 
STRUCTURE  OF  THE  MEDITERRANEAN  BASIN  FROM  RAYLEIGH 
WAVE  VELOCITY  DISPERSION  DATA 

M.D.  Martinez  (1),  X.  Laiia  (2),  J.  Badal  (3),  J.A.  Canas  (3)  and  L.  Pujades  (4) 
(1)  Dept.  Applied  Physics,  UPC,  Barcelona;  (2)  Dept.  Physics  and  Nuclear 
Engineering,  UPC,  Barcelona;  (3)  Instituto  Geogrdfico  Nacional,  Madrid;  (4)  Civil 
Engineering  School,  UPC,  Barcelona, 
e-mail:  dniartinezs@etseccpb.upc.es  fax:  34  3  4016090 

The  simulated  annealing  algorithm  constitutes  an  useful  tool  when  dealing  with 
inverse  problems  in  Seismology,  where  partial  derivatives  involved  in  other  classical 
inversion  procedures  are  often  difficult  to  compute  analitically.  Provided  that  the 
annealing  algorithm  is  based  on  a  repeated  solution  of  the  forward  problem  for 
randomly  generated  earth  models,  making  use  of  a  set  of  thermodynamic  analogies, 
the  computation  of  partial  derivatives  becomes  unnecessary.  Mathematical  properties 
of  the  periodic  Markov  chain  representing  the  annealing  process  removes  the  usual 
dependende  of  die  solution  on  the  sometimes  arbitrary  starting  model.  Moreover,  the 
specific  characteristics  of  the  algorithm  avoid  the  inversion  process  to  be  trapped  in 
secondary  minima  of  the  likelyhood  function,  thus  assuring  that  the  obtained  solution 
would  be  the  best  possible.  An  application  of  the  simulated  annealing  algorithm  to 
3-D  modelling  of  the  crust  and  upper  mantle  elastic  structure  of  the  Mediterranean 
basin  from  Rayleigh  wave  group  velocity  dispersion  data  is  presented. 


HYBRID  MODELLING  OF  GROUND  MOTIONS  AT  A  SEDI¬ 
MENTARY  BASIN 
I.  OprSal,  M.  Pakzad  and  J.  Zahradnik 

Department  of  Geophysics  Faculty  of  Math,  and  Phys.,  Charles  University,  V 
Holesovickach  2,  Prague,  18000,  Czech  Republic. 
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Hybrid  methods  enable  to  engage  the  far  source  and  the  long  path  effects  into 
the  computations  of  the  ground  motions  at  a  site.  The  contemporary  hybrid 
methods  involve  modal  summation  coupled  with  finite  differences  (FD),  and 
discrete  wavenumbers  (DW)  coupled  with  FD.  To  expand  the  ability  to  treat 
not  only  ID  but  also  2D  and  3D  crustal  structures,  a  new  hybrid  method 
based  on  rays  combined  with  FD  has  been  recently  introduced,  too.  However, 
the  limitations  of  the  ray  method  bring  in  question  the  accuracy  in  terms  of 
completeness  of  the  solution  both  in  time  and  frequency  domain.  Hereby  we 
investigate  the  hybrid  methods  in  extreme  situations  as,  for  example,  fast  spa¬ 
tial  variations  of  the  material  parameters,  models  involving  non-planar  surface 
topographies.,  high  Vp/vj  velocity  ratios,  and  models  with  stochastic  velocity 
perturbations.  Building  new  3D  codes  requires  robust  FD  algorithms  well  tested 
in  2D  models  of  realistic  sites.  We  compare  the  ray-FD  and  DW-FD  methods 
on  examples  of  a  sedimentary  valley  excited  by  nearby  shallow  earthquakes. 
The  model  involves  the  spatially  varying  Q,  proportional  to  frequency,  and 
a  source  offset  from  the  FD  model  plane.  The  methods  have  been  prepared 
for  applications  within  the  international  EUROSEISTEST  site  at  Volvi  Lake, 
Northern  Greece. 


LARGE  SCALE  3D  MODELING  OF  SEISMIC  WAVE  PROPAGA¬ 
TION  ON  A  MASSIVELY  PARALLEL  MACHINE 

D.  Rodrigues 

Laboratoire  De  Grophysique,  BP12, 91680  Bruyeres-le-Chatel,  FRANCE. 
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Studying  seismic  wave  propagation  on  about  a  hundred  wavelengths,  in  a 
3D  model,  with  a  precision  of  a  tenth  of  a  wavelength,  leads  to  models  of 
1000x1000x1000  grid  points  with  a  method  such  as  finite  differences  or  finite 
elements  which  is  necessary  to  model  any  kind  of  wave  (P,  S,  Rayleigh,  Stoneley, 
Love, ...)  for  realistic  media.  To  achieve  this  aim,  the  author  uses  a  precise  high 
order  finite  differences  method  on  a  staggered  grid  (8  points  in  space,  4^*  order 
in  time)  to  have  at  least  3  points  per  shortest  wavelength.  Absorbing  bound¬ 
ary  conditions  are  implemented  following  the  Higdon’s  method.  Free  surface 
boundary  conditions  are  carefully  applied  with  exponentially  decreasing  grid 
mesh  in  the  vertical  direction.  The  numerical  scheme  has  been  implemented  on 
a  Cray-T3E  massively  parallel  machine,  using  the  Message  Passing  Interface 
libraries  and  SHMEM-Cray  intrinsics  and  is  fully  scalable.  400x400x400  mod¬ 
els  can  be  run  now  on  a  168  processors  machine  at  a  sustained  average  speed 
of  30  MegaFlops/s  with  a  low  level  of  optimization.  This  allows  now  the  study 
of  physical  phenomena  such  as  site  effects  amplification  in  sedimentary  basins. 


A  MULTIBLOCK  ALGORITHM  FOR  PARALLEL  WAVE  PROP¬ 
AGATION 

F.  J.  Sabadeil  (1),  F.  J.  Seron  (2)  and  J.  Badal  (3) 

(1)  Seismology  Group,  University  of  Zaragoza,  Pedro  Cerbuna  12,  E- 
50009  Zaragoza,  Spain,  javier@zar.unizar.es,  (2)  Dept,  of  Computer  Sci¬ 
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Wave  propagation  problems  arise  in  many  areas  of  applications.  The  use  of 
parallel  computers  makes  feasible  to  simulate  elastic  waves  throughout  large 
heterogeneous  structures  by  means  of  recent  advances  in  domain  decomposi¬ 
tion  methods.  In  this  work,  we  introduce  a  simple  parallel  algorithm  for  the 
propagation  of  elastic  waves  in  complex  heterogeneous  media  after  a  finite  ele¬ 
ment  discretization.  This  parallel  method  performs  more  efficiently  than  classic 
domain  decomposition  techniques  based  on  substructuration.  Some  numerical 
examples  are  shown,  as  well  as  studies  on  the  efficiency  and  performance  of 
the  algorithm  in  relation  to  classic  domain  decomposition  techniques  based  on 
substructuration. 


3-D  SPECTRAL  ELEMENT-BY-ELEMENT  WAVE  MODELLING 
ON  CRAY  T3E 
G.  Seriani 

Osservatorio  Geofisico  Sperimentale,  P.O.  Box  2011,  34016  Trieste,  Italy, 
gserianittogs .  trieste .  it/Fax:  [+39]  40  327521 

Highly  efficient  algorithms  and  massively  parallel  computers  are  needed  for 
acoustic  full  wave  modelling  in  large  scale  3-D  realistic  complex  media. 

In  this  work  a  spectral  element  method  in  conjunction  with  a  new*  iterative  so¬ 
lution  technique  is  presented.  The  very  high  spatial  accuracy  of  the  algorithm 
allows  for  increased  computational  efficiency  when  compared  to  standard  finite 
element  method.  In  addition,  the  use  of  an  iterative  solver,  based  on  a  local 
element-by-element  formulation  and  a  matrix-vector  product  which  is  factored 
and  converted  to  a  faster  matrix-matrix  product,  allows  for  a  significant  re¬ 
duction  both  in  storage  requirements  and  in  the  computational  complexity. 
The  resulting  algorithm  can  easily  be  implemented  on  high-performance  vector 
and/or  parallel  processors.  The  numerical  scheme  has  been  tested  on  a  Cray 
T3E  supercomputer.  Our  experimental  results  show  that  efficiency  is  very  high 
and  that  good  load  balancing  can  be  obtained  at  run  time,  because  relevant 
blocks  of  computations  are  performed  at  the  element  level  and  are  totally  in¬ 
dependent. 


MODELLING  TECHNIQUES  FOR  VOLUMETRIC  RECON¬ 
STRUCTION  OF  EARTH  STRUCTURES 
F.  J.  Ser6n  (1),  F.  J.  Sabadeil  (2),  J.  Badal  (3)  and  J.  M.  Martin  (4) 
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The  obtaining  of  seismic  velocity  structures  from  surface  wave  implies  to  deal 
with  pathwise  integrals  of  the  velocity  field  along  trajectories.  A  normal  proce¬ 
dure  consists  of  regionalization  of  dispersion  curves  by  means  of  a  tomographic 
technique  not  based  on  discrete  blocks.  In  this  work  we  show  how  the  use 
of  interpolation  techniques  can  be  used  for  tomography  purposes  as  well,  since 
they  provide  straightforward  and  non  expensive  algorithms  to  reconstruct  data. 
We  propose  different  methodologies  and  perform  an  overall  comparison  among 
them,  enlarging  their  properties  and  feasibility  to  carry  out  tomographic  studies 
with  surface  waves.  We  show  that  the  regionalization  of  volumetric  structures 
is  possible  without  involving  any  inversion  procedure.  Special  emphasis  on  the 
accuracy  of  the  methods  is  provided  by  studying  the  results  obtained  after  sev¬ 
eral  synthetic  tests  from  different  heterogeneous  models.  Two  applications  to 
real  data  are  attempted  as  well.  In  our  volumetric  representations,  the  velocity 
fields  are  displayed  as  colour  patterns,  easing  the  interpretation  of  the  data  and 
allowing  a  better  visualization  of  the  solution. 
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A  PRACTICAL  REGULARIZATION  IN  KRYLOV  SPACE  FOR 
SEISMIC  TOMOGRAPHY 

Z.S.  Yao  and  R.G.  Roberts 

Dept,  of  Geophysics,  Uppsala  University,  Sweden. 

Regularization  is  usually  necessary  to  solving  seismic  tomographic  inversion 
problems.  Because  in  general  the  equation  system  of  seismic  tomography  is 
very  large,  making  a  suitable  choice  of  the  regularization  parameter  may  be 
very  computationally  demanding  and  therefore  practically  difficult.  We  present 
an  algorithm  to  convert  this  problem  to  a  more  amenable  form.  We  first  transfer 
the  system  of  equations  into  a  Krylov  sub-space  by  using  Lanczos  bidiagonal- 
ization.  In  the  transformed  sub-space,  the  system  of  equations  is  then  changed 
into  the  form  of  a  standard  damped  least  squares  normal  equation.  The  solution 
to  this  normal  equation  crui  be  written  as  a  explicit  function  of  the  regulariza¬ 
tion  parameter,  which  makes  the  choice  of  the  regularization  computationally 
convenient.  Two  criteria  for  the  choice  of  the  regularization  parameter  are  in¬ 
vestigated  with  numerical  simulations.  If  the  dimensions  of  the  transformed 
space  are  much  less  than  that  of  the  original  space,  the  algorithm  can  be  very 
computationally  efficient,  which  is  practically  useful  in  iarge  seismic  tomogra¬ 
phy  probiems. 
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SEISMIC  MOMENT  TENSOR  OF  WEAK  CRUSTAL 
EARTHQUAKES  OF  VRANCEA  (ROMANIA)  RETRIEVED  BY 
WAVEFORM  INVERSION 
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The  inversion  of  high-fi'equency  seismograms  is  perfonned  to  retrieve  the 
seismic  moment  tensor  for  weak  crustal  earthquakes  (2.9  S  Ml  S  3.6)  of 
Vrancea  region  (Romania).  The  source  is  described  by  the  full  moment 
tensor,  having  both  volumetric  component  and  deviatoric  part.  Synthetic 
seismograms  are  computed  by  the  modal  summation  method,  using  the  point 
source  approximation,  for  horizontally  layered  anelastic  media.  The  digital 
waveforms  recorded  hy  the  Romanian  local  network  (velocity  records, 
vertical  component,  with  sampling  rate  of  50  samples/sec)  are  used.  The 
method  performs  dynamic  relocation  of  the  hypocentte  and  a  simple 
optimization  of  the  structural  model  simultaneously  with  the  determination 
of  the  source  mechanism. 


AFTERSHOCK  SERIES  OF  EVENT  FEBRUARY  18,  1996: 

AN  INTERPRETATION  IN  TERMS  OF  SELF-ORGANIZED 
CRITICALITY 
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An  aftershock  interevent  time  series,  initiated  on  February  18,  1996,  in  the 
eastern  Pyrenees  was  analyzed.  The  original  time  series  does  not  fit  Omori’s 
law,  probably  because  of  sudden  changes  in  the  rate  of  occurrence,  interpreted 
as  an  increase  in  the  production  rate.  When  the  recorded  interevent  time  se¬ 
ries  is  classified  in  terms  of  leading  aftershocks  (those  that  satisfy  a  relaxation 
process)  and  cascades  (those  occurred  at  a  nearly  constant  rate),  the  new  time 
series  of  the  leading  aftershocks  fits  Omori’s  law  quite  well,  with  p  =  0.94. 
Interpreted  in  terms  of  Dietrich’s  model,  the  series  of  leading  aftershocks  cor¬ 
rectly  predicts  a  return  time  for  the  main  shock  of  the  order  of  50  years.  To 
interpret  the  series  of  cascades,  a  minimalist,  self-organized  critical  model  was 
used.  Although  it  is  very  simple,  the  model  correctly  reproduces  the  two-level 
structure  in  the  observed  time  series,  that  is,  the  sequence  of  leading  after¬ 
shocks  and  a  cascade  sequence  emerging  from  each  aftershock.  This  model  may 
be  given  physical  justification  in  terms  of  the  Cochard  and  Madariaga  [1996] 
nucleation  model. 


AUTOMIZED  MOMENT  TENSOR  INVERSION  OF  FLUID- 
INDUCED  MICRO-SEISMICITY  IN  SALT 

T.  Dahm  (1),  G.  Manthei  (2)  and  J.  Eisenblatter  (2) 

(1)  Inst.  f.  Meteor,  k  Geophysik,  Feldbergstr.  47,  60323  FVankfurt,  Germany, 

(2)  GMuG,  Dieselstr.  6a,  61239  Ober-Morlen,  Germany. 
dahnCgeophysik .\mi-frankfurt .de 

Amplitude  spectra  of  body-wave  phases  are  used  to  estimate  moment  tensors 
of  swarm-events  in  an  automized  procedure.  For  this,  single  and  multiple  event 
methods  have  been  extended  to  amplitude  spectra  data,  and  to  one  component 
sensors  with  known  orientation.  The  resulting  nonlinear  inversion  problem  is, 
after  a  Taylor  series  expansion,  iteratively  solved  beginning  with  an  initial 
source  model.  To  avoid  convergence  to  a  local  minimum  we  use  a  grid  search 
over  initial  fault  orientations  on  the  focal  spheres  and  choose,  after  a  number 
of  fixed  iterations,  the  solution  having  the  least  residuals  between  observed  and 
predicted  amplitude  spectra.  To  further  stabilize  the  inversion  we  optionally  use 
a  genera]  dislocation  source  constraint.  The  methods  are  tested  on  synthetic 
waveform  data  and  on  fluid-induced  micro-cracks  in  salt.  There,  about  100 
events  span  a  volume  of  «  Im’  surroundig  a  macro  tension-crack  with  a  radius 
of  w  0.5m  .  The  waveforms  have  been  recorded  with  8  piezo-sensors  in  3- 
10  m  distance.  Preliminary  results  indicate  tension  source  components.  We 
will  discuss  the  estimated  source  mechanisms  in  terms  of  fracture-mechanical 
processes  during  the  development  of  a  tension  crack. 


SEISMIC  MODELING  OF  EXPLOSION  EARTHQUAKES  OF 
MT.  ARENAL  VOLCANO,  COSTA  RICA 

TONATIUH  DOMINGUEZ'  AND  VYACHESLAV  ZOBIN’ 

1  CUICA,  Universidad  de  Colima,  Colima,  Col.,  28045,  Mexico.  E-mail: 
tonatiuh(^cgic.ucol.mx 

2  Observatorio  Vulcanologico,  Universidad  de  Colima,  Colima,  Col.,  28045, 
Mexico.  Emiail:  vzobm(gcgic.ucol.mx 

The  seismic  modeling  of  explosion  earthquakes  was  made  for  earthquakes 
related  to  the  1991  eruptive  activity  of  foe  Mt.  Arenal  volcano,  Costa  Rica, 
during  8  to  16  of  April  and  7  to  18  July.  There  were  investigated  20  digital 
short-period  3-conq}ooent  seismic  records.  The  simultaneous  recording  of 
sound  waves  had  allowed  to  control  foe  nature  of  seismic  events.  The 
synthetics  were  calculated  for  vertical  force  that  represented  a  counter  force 
eruption  (Nishimura,  1995).  There  is  shown  that  foe  multiple  forces  can 
better  model  foe  explosion  earthquake  source  than  foe  single  force.  The  best 
coincidence  of  foe  observed  records  and  synthetics  was  obtained  for  a 
sequence  of  4  or  5  vertical  forces  which  were  included  consistently  with  an 
interval  of  0.5  sec.  The  calculated  counter  forces  of  erqrlosions  were 
compared  with  foe  published  worldwide  data. 
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ON  THE  RESOLUTION  OF  THE  ISOTROPIC  COMPONENT  IN 
MOMENT  TENSOR  INVERSIONS 

H.  Dufumier  and  L.  Rivera 

EOST,  5  r  Descartes,  67084  Strasbourg,  France. 

If  it  is  in  theory  possible  to  solve  a  full  moment  tensor  from  inversion  of  a  few 
seismograms,  the  isotropic  component  is  often  set  to  zero  in  practice  in  order 
to  stabilize  the  inversion.  We  investigate  under  which  practical  conditions  the 
determination  of  the  isotropic  component  is  mathematically  and  physically  reli¬ 
able.  First,  we  examine  the  question  from  a  physical  point  of  view  and  show  that 
the  classical  interpretation  of  a  full  moment  tensor  for  tectonic  events  implies 
rheological  constraints  that  are  not  always  realistic.  We  propose  an  extended 
physical  model  which  includes  tectonic  and  non-tectonic  volumetric  variations. 
Then  we  use  the  tools  of  inverse  theory  to  infer  mathematical  constraints  on 
the  problem  of  full  moment  tensor  inversions  from  teleseismic  spectra.  In  par¬ 
ticular,  we  examine  how  much  of  the  moment  tensor  can  be  solved,  in  relation 
with  the  eigenvalues  Of  the  inverse  problem.  The  resolution  and  the  correlation 
matrices  show  that,  among  a  choice  of  possible  constraints  on  the  full  tensor,  a 
constraint  on  the  isotropic  component  is  most  valuable.  In  addition  to  the  es¬ 
timation  of  the  tectonic  and  non-tectonic  isotropic  components  in  full  moment 
tensor  inversions,  we  finally  propose  extensions  of  the  basic  linear  methods  that 
can  lead  to  particular  models  in  subspaces  of  interest,  such  as  tectonic  models, 
or  decompositions  in  a  double-couple  plus  a  volumetric  part.  Some  applications 
of  our  theoretical  developments  to  regional  waveform  inversions  are  shown,  for 
the  April  1992,  Roermond,  earthquake. 


ERROR  ESTIMATE  OF  THE  MECHANISM  BY  MONTE  CARLO 

SIMULATION 
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Geophysical  Institute,  Academy  of  Sciences  of  Czech  Republic,  Bo5nf  11/1401, 
Praha  4,  CZ-14131  Czech  Republic. 

j  sitblboun . ig . cas . cz 

Traditional  approaches  to  estimate  the  error  imposed  on  the  retrieval  of  the 
mechanism  of  an  earthquake,  its  rupture  history  and  seismic  moment  by  a 
noise  contamination  of  waveform  data,  rely  on  validity  of  the  assumption  that 
statistical  properties  of  the  noise  are  ruled  by  a  particular  distribution  law, 
prevailingly  the  Gaussian  one.  Supposing  the  noise  can  be  described  by  its  stan¬ 
dard  deviation,  its  variance  is  transformed  by  data  kernel  of  linear  or  linearized 
inverse  problem  into  covariance  matrix  of  model  parameters  describing  the  seis¬ 
mic  source.  This  approach  suffers  from  two  drawbacks:  (i)  the  problem  is  non¬ 
linear;  (ii)  the  distribution  of  the  noise  may  be  non-Gaussian,  or  may  be  not 
known  at  all. 

We  introduce  the  approach  avoiding  both  the  shortcomings:  the  region  of  all 
the  solutions  expected  by  inverting  the  noisy  data  is  constructed  as  a  set  of 
solutions  of  the  inverse  problem  for  individual  realizations  of  noisy  data.  They 
are  generated  from  a  sample  of  observed  noise  by  Monte  Carlo  simulation: 
white  noise  is  convoluted  with  the  observed  noise  sample  yielding  a  particular 
realization  of  the  noise  which  is  random  but  retains  the  characteristics  of  the 
observed  sample.  This  approach  allows  us  to  consider  even  the  situations  when 
the  noise  has  different  characteristics  on  individual  channels  to  be  inverted. 


Abstract 

The  main  purpose  of  this  work  is  to  analyse  global  inversion  of  waveform  data 
for  the  moment  tensor  and  source  retrieval  using  three  component  data  from 
seismic  stations.  For  this  purpose  we  have  extended  to  the  SH  component  of 
motion  the  method  preposed  by  Sileny  et  a).  (1992).  The  main  advantage 
of  considering  all  three  components  at  each  recording  station  Is  to  reduce 
the  number  of  necessary  stations  and  hence  not  only  the  cost  of  the  seismic 
network,  but  also  the  noise  introduced  by  the  insufficient  knowledge  of  the 
physical  properties  along  the  source-receiver  path. 

It  is  well  known,  that  the  source  depth  is  poorly  resolved  by  Love  waves, 
whereas  Love  waves  add  information  to  the  moment  tensor  components. 
Rayleigh  waves  includes  information  of  both  source  depth  and  earthquake 
mechanism.  The  source  is  assumed  to  be  a  point  source  in  space  but  not 
in  time.  The  procedure  used  finds  the  global  solution  of  moment  Censor, 
source-time  function,  and  source  location.  Green  functions  are  interpolated 
between  two  extreme  models  of  the  structure,  representative  of  the  consid¬ 
ered  area.  The  first  step  retrieves  the  source  location  and  the  moment  rate 
tensor  components  as  functions  of  time,  and  in  the  second  step,  these  time 
dependent  moment  rate  tensor  components  are  inverted  to  obtain  an  aver¬ 
age  constant  moment  tensor  and  a  common  source  time  function.  Synthetic 


GEOMECHANICS  OF  THE  EARTH’S  CRUST  OF  THE 
TRANSCARPATHIANS  AND  MECHANISMS  OF  LOCAL 
EARTHQUAKES  ACCORDING  TO  MACROSEISMIC  DATA. 
L-Yc-Nazarevych  (Carpathian  Branth  of  Subbotin  Institute  of 
Geophysics  of  NASU,Naukova  str.  3-b,  290601,  LViv,  UKRAINE). 


Among  basic  features  of  a  geodynamic  mode  of  the  Earth's  crust  of 
the  Ukrainian  Transcarpathians  are  tectonic  compression  (0,000001 
units/year)  perpendicular  to  the  Carpathians,  small  (25  km)  thickness 
of  the  Earth’s  crust  and  strong  differentiation  between  rheological 
properties  of  rocks  and  the  depth  which  is  due  to  higt  (60*80 
mw/sq.m)  heat  flow  in  the  mantle.  These  reasons  determine 
peculiarities  of  the  Earth’s  crtist  geomechanics  and  specific 
mechanisms  of  local  earthquakes,  in  particular,  sliding  of  the  upper 
massive  "granite*  layer  about  the  surface  of  the  "basaltic*  layer  due  to 
a  strongly  fractured  underlayer  with  a  reduced  by  0,2-0, 3  km/sec 
value  of  velocity  Vp  present  in  the  lower  part  of  the  "granite"  layer; 
this  underlayer  is  attenuated  by  a  thermomechanic  mode,  cataclasis 
and  thermochemical  processes.  These  peculiarities  are  represented  in 
macroseismic  fields  by  distinctive  muzhroomlike  configurations  of 
isoseisms,  correspondent  displacements  of  macroseismic  epicenters 
relatively  instrumental  ones,  time  delays  and  spatial  migration  of 
aftershocks,  as  well  as  other  spatial-temporal  characteristics  of  a 
seismic  mode.  The  Earth’s  crust  general  structure,  in  particular,  the 
surface  of  a  crystalline  basement,  is  also  perceptible  in  macroseismic 
field  characteristics. 
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MFT-ZONE  AND  OFF-RIFT  EARTHQUAKES  IN  ICELAND 
Agust  Gudmundsson 
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Most  earthquakes  in  Iceland  are  associated  with  the  rift  zone  and  the 
ofF-rift  ocean-ridge  discontinuities,  the  TjOmes  Fracture  Zone  and  the 
South  Iceland  Seismic  Zone.  Earthquakes  in  the  rift  zone  rarely 
exceed  M6;  most  are  less  than  MS  and  generated  by  slip  on  normal 
faults.  Much  of  the  rift-zone  seismicity  is  associated  with  central 
volcanoes,  both  during  and  between  episodes  of  volcanism  and  rifting. 
Most  central  volcanoes  have  shallow  crustal  magma  chambers  and 
geothermal  fields  where  small  changes  in  stress  concentration  or  fluid 
pressure  can  trigger  earthquakes.  The  largest  earthquakes  associated 
with  the  ocean-ridge  discontinuities  reach  M7-7.5  and  are  generated 
by  slip  on  strike-slip  faults.  These  discontinuities  are  located  between 
overlapping  rift-zone  segments  and  concentrate  shear  stresses  during 
spreading  in  the  adjacent  rift  segments.  Numerical  results  indicate  that 
simultaneous  spreading  in  subparallel  rift-zone  segments  gives  rise  to 
the  largest  earthquake  sequences  in  Iceland. 


LOW  FREQUENCY  SPECTRAL  METHOD  FOR  FOCAL  MECH- 
ANISMS  OF  WEAK  EARTHQUAKES  IN  WESTERN  GREECE 

M.  Pakzad  (1),  J.  Zahradnik  (l)  and  N.  Melis  (2) 

(I)  Departemant  of  Geophysics,  Charles  University, Czech  Republic,  (2)  Seis- 
raological  Laboratory,  Patras  University,Greece. 
mptlkarel.troja.inff  .cuni.cz/Fax:  [+420]  2-21912555 
Focal  mechanisms  are  studied  for  selected  weak  local  tectonic  earthquakes  of 
Corinth  Gulf  (Western  Greece).  The  method  is  based  on  complex-valued  low- 
frequency  spectra  below  the  corner  frequency,  along  with  theoretical  Green’s 
function  spectra  (calculated  by  the  discrete-wavenumber  method),  which  is 
used  to  invert  for  the  time-independent  components  of  the  seismic  moment 
tensor.  No  aprlori  constraints  of  a  pure  deviatoric  and/or  double-couple  solu¬ 
tion  are  employed.  The  restriction  to  the  low  frequencies  disables  study  of  the 
source  time  function,  but  decreases  the  undesired  sensitivity  of  the  method  with 
respect  to  the  unknown  structural  details.  The  records  are  processed  as  a  w- 
hole,  without  any  separation  of  the  individual  waves,  thereby  not  requiring  any 
amplitude  picking.  These  features  make  the  method  robust  enough,  applicable 
to  small  networks  of  a  few  3-component  stations.  The  results  are  compared 
with  focal  mechanisms  determined  by  other  methods.  Errors  and  uncertainties 
are  discussed  both  on  synthetic  and  real  data  sets. 
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TESTING  OF  THE  EMPIRICAL  GREEN’S  FUNCTION 
DECONVOLUTION  CAPABILITY  IN  THE  SPECIAL  CASE 
OF  VRANCEA  SUBCRUSTAL  EARTHQUAKES 


M.  Popa  *,  M.  Radulian  ♦ 
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email:  mihaela@in^.ifa.ro 

Vrancea  is  one  of  the  few  singular  seismic  regions  of  the  world  where 
intermediate-depth  earthquakes  are  permanently  generated  (around  10 
events/month  with  Ml  >  3)  within  an  extremely  confined  focal  volume.  This 
particularity  makes  it  like  a  suitable  site  for  application  of  EGF  technique. 
The  purpose  of  the  paper  is  to  test  how  well  the  EGF  deconvolution 
succeeds  to  constrain  the  source  and  to  optimize  its  application  to  Vrancea 
earthquakes.  Three  main  events:  March  11,  1983  (M  =  5.4),  April  12, 1983 
(M  =  5.1)  and  August  7, 1984  (M  =  5.1)  located  in  the  lower  part  of  &e 
subducting  lithosphere  (h  ~  150  km)  are  considered.  A  set  of  30  events  (3.0 
<  M  <  4.4)  occurred  between  1981  and  1997  are  selected  as  coiresponding 
empirical  Green’s  fimctions.  The  relatively  large  number  of  available 
waveforms  allow  us  to  test  the  performance  of  the  EGF  technique  in 
retrieving  the  source  time  function  and  source  directivity. 


ARE  THE  SOURCE  PARAMETERS  OF  THE  VRANCEA 
(ROMANIA)  SUBCRUSTAL  EARTHQUAKES  DEPTH 
DEPENDENT? 

M.  Radulian  *,  M.  Popa  * 

*  National  Institute  for  Earth  Physics 
email:  mircea@in^.ifa.ro 

Vrancea  intermediate-depth  seismic  zone  (60  <h<  200  km)  is  characterized 
by  a  well-confined  focal  volume  (the  corresponding  epicentral  area  is  less 
than  3000  km^).  Several  observations  (number  and  size  earthquake 
distribution  on  depth,  fault-plane  solutions)  suggest  that  the  seismic  regime 
varies  downdip  the  subducting  lithosphere. 

The  goal  of  this  paper  is  to  outline  any  trend  of  depth  dependence  in  the 
source  parameters  in  case  of  the  Vrancea  subcrustal  earthquakes.  To  this 
puipose,  the  Empirical  Green’s  Function  deconvolution  is  used  on  a  set  of 
more  than  150  events  with  focal  depth  covering  the  entire  intermediate- 
depth  range.  The  major  shocks  of  August  30, 1986  (Af,  =  7.2),  May  30, 1990 
(A/,  =  6.9)  and  May  31, 1990  (Af,  =  6.3)  are  also  considered. 

Possible  trends  are  tested  relative  to  the  random  fluctuations.  Finally, 
correlation  with  seismic  cycle  modeling  for  Vrancea  region  is  discussed. 


COMPARISON  OF  OBSERVED  SECULAR  VARIATION  WITH  THE 
CHANGES  OF  THE  IGRF  IN  GERMANY 
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In  1965,  1982  and  1992  repeat  measurements  of  the  magnetic  field  at  selected 
stations  have  been  made  in  the  Federal  Republic  Germany.  From  them  approxi¬ 
mative  polynomials  for  the  secular  variation  were  calculated  for  the  intervals  I96S  - 
1982  and  1982  -  1992  and  compared  with  the  IGRF  changes: 

I.  The  signs  of  the  changes  of  the  measured  regional  field  and  of  the  IGRF  are 
identical  for  the  linear  and  for  the  quadratic  terms.  The  quadratic  terms  of  the 
regional  field  changes  are  about  2.5  times  larger  than  the  respective  IGRF  terms, 
the  linear  terms  1.5  times  larger.  Consequently,  the  secular  variation  is  included 
(only)  partly  in  the  IGRF. 

2.  The  mean  north-south  gradient  has  increased  Grom  1965.0  to  1982.5,  afterwards 
decreased.  The  east-west  gradient  and  the  quadratic  terms  have  retained  their 
signs.  The  increase  of  the  main  field  since  1982.5  is  much  smaller  than  before. 
As  the  source  of  the  secular  variation  is  suspected  in  the  core  of  the  Earth,  core  field 
contributions  become  visible  here  which  are  included  in  the  IGRF  only  partly.  The 
strong  and  areally  small  changes  imply  that  for  some  substantial  processes  within 
the  core  the  time  constant  is  in  the  order  of  decades.  This  indicates  similarly  fast 
temperature  changes  at  the  core-mantle  boundary. 


ROBUSTNESS  OF  POINT  SOURCE  MOMENT  TENSOR  RE¬ 
TRIEVAL  IN  THE  ETNA  VOLCANIC  AREA 

Sarah  A.  and  Panza  G.F. 
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We  determine  the  complete  seismic  moment  tensor  of  a  set  of  shallow  earth¬ 
quakes  in  the  Etna  volcanic  area  (Italy)  using  the  method  developed  by  Sileny 
and  Panza  (1991).  This  method  does  not  need  an  initial  source  model  and  con¬ 
sists  of  two  steps:  linear  waveform  inversion,  from  which  the  moment  tensor 
rate  function  (MTRF)  is  retrieved  and  subsequent  factorization  of  the  MTRF 
to  compute  the  average  fault  plane  solution  and  the  corresponding  source  time 
function. 

As  to  investigate  volume  changes  of  the  source  related  to  movements  of  mag¬ 
mas  and  lenticular  cracks  connected  with  fluid  circulation,  we  are  interested  in 
the  temporal  evolution  of  the  isotropic  and  of  the  deviatoric  component,  some 
preliminary  tests  have  been  done  to  estimate  the  reliability  of  the  obtained 
solutions.  The  robustness  of  the  moment  tensor  solution  is  investigated  for  dif¬ 
ferent  structural  models  and  for  various  station  distributions.  Advantages  and 
limits  of  the  method  are  throughly  discussed. 


FOCAL  MECHANISM  DETERMINATION  IN  ANISOTROPIC  MEDIA: 
NUMERICAL  STUDY 

V.Vavrycuk  and  J.Sileny 
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Properties  of  seismic  waves  in  anisotropic  media  and  implications  to  seismic  wave 
inversion  for  determination  of  focal  mechanism  are  studied.  The  study  comprises  an 
inversion  with  P  waves  only,  and  with  P  and  S  waves  together.  By  numerical 
modelling  we  quantify  errors  induced  by  using  an  incorrect  structure  model.  In 
particular,  we  concentrate  on  errors  induced  by  using  an  isotropic  model  instead  of  a 
trae  anisonopic  one.  We  evaluate  a  range  of  anisotropy  for  which  effects  of  anisotropy 
in  focal  determination  are  negligible.  We  discuss  limits  of  applicability  of  standard 
inversion  techniques  for  region  where  weak  anisotropy  is  present,  which  is  a  quite 
common  situation  in  many  areas. 


CORRELATION  OF  ANOMALOUSLY  HIGH  b-VALUES  WITH  MAG¬ 
MATIC  ACTIVITY 

Stefan  Wiemcr'  and  Max  Wvss^ 
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By  mapping  the  b-value  of  the  frequency-magnitude  relationship  in  three-dimensional 
grids  with  node  spacing  of  less  than  a  kilometer,  we  show  that  about  80%  of  the  seis- 
mically  active  volumes  under  volcanoes  show  normal  b-values  (bSl).  The  rest  is  oc¬ 
cupied  by  small  volumes  (r  =  I  km)of  anomalously  high  b-values  (b>l. 3).  This  means 
that  the  average  earthquake  size  in  the  anomalous  volumes  is  clearly  smaller  than  in 
the  normal  crust.  This  can  be  explained  either  by  greater  heterogeneity  or  lower  ef¬ 
fective  stress  in  the  anomalous  volumes.  The  volumes  with  anomalously  short  crack 
size  (high  b)  correlate  with  the  location  of  magma  chambers  at  the  following  volca¬ 
noes  investigated  so  far:  Mount  St.  Helens,  Mount  Spurr,  off-Ito  volcano  and  Long 
Valley  caldera.  In  two  locations,  pronounced  increases  of  b-values  from  0,8  to  >  1 .3  as 
a  function  of  time  with  progressing  intrusions  could  be  documented  in  volumes  of 
about  5  km  radius.  The  simplest  explanation  of  this  observation  is  to  assume  that  an 
increase  in  pore  fluid  pressure  took  place,  because  the  alternative,  an  increase  in  frac¬ 
turing  (heterogeneity),  should  not  be  a  unique  occurrence  in  a  volcano  that  has  existed 
for  thousands  of  years,  and  the  affected  volume  seems  loo  large.  We  conclude  that 
detailed  mapping  of  b-values  can  aid  in  defining  active  magma  bodies. 
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SURVEYING  THE  VESUVIUS  BY  TRANSIENT  ELECTROMAG¬ 
NETICS 

M.  Muller,  A.  Hordt  and  F.  M.  Neubauer 

Institut  fur  Geophysik  und  Meteorologie,  Universitat  zu  Koln,  Albertus- 
Magnus-Platz,  50923  Koln,  Germany. 

Banuetgeo.uni-koeln.da/Fax;  [49]  221  470  5481 

In  April  1997  a  two  week  long-offset  transient  electromagnetics  (LOTEM) 
survey  was  conducted  at  Vesuvius.  LOTEM  is  an  active  method  designed  to 
determine  resistivity  distributions  down  to  a  penetration  depth  of  approx.  15 
km.  23  stations,  each  equipped  with  a  magnetic  and  an  electrical  field  sensor, 
were  set  up  on  a  prohle  of  10  km  length.  The  main  aims  of  this  first  LOTEM 
application  on  an  active  volcano  were  the  analysis  of  the  specific  conditions 
in  volcanic  environment  and  the  investigation  of  the  conductivity  structure  of 
Vesuvius. 

One  particular  aspect  for  measurements  on  volcanoes  is  the  strong  topography. 
We  tried  to  simulate  the  influence  of  topography  using  3D  modelling.  Another 
feature  of  the  data  is  the  strong  distortion  by  powerline  noise.  The  signal  to 
noise  ratio  was  significantly  improved  using  new  digital  filters.  Finally  we  obtain 
a  model  of  the  conductivity  structure  of  Vesuvius  derived  from  LOTEM  data. 
The  ID  inversion  results  show  a  good  conducting  layer  in  depths  of  0.5  to  2 
km  below  the  surface.  It  is  still  an  open  question  whether  the  low  resistivity  is 
caused  by  melts  or  by  fluids. 


WAVE  FIELD  ANALYSIS  OF  THE  SEISMIC  NOISE  AT  THE  TECTONIC  SIGNIFICANCE  OF  Nd,  Sr  AND  Pb  ISOTOPIC 

MT.  VESUVIUS,  ITALY,  APPLYING  ARRAY  TECHNIQUES.  COMPOSITION  OF  CENOZOIC  MAGMATISM  IN  THE  AEGEAN  AREA 


Bianco  F.',  Carmona  E.’,  Castellano  M.‘,  Ibanez  J.^  La  Rocca  M.’,  Maresca 
R.’,  Petrosino  S.^,  Saccorotti  G.' 

I:  Osservatorio  Vesuviano  -  Napoli  -  Italy 

2:Instituto  Andaluz  de  Geofisica  -  Universidad  de  Granada  -  Spain 

3:  Dipartimento  di  Fisica  •  Universita  di  Salerno  -  Italy 

Several  experimental  evidences  have  shown  the  validity  of  array  techniques, 
as  frequency-wavenumber  spectral  analysis  and  correlation  method,  to 
localize  seismic  noise  sources  and  to  infer  the  volcanic  surfrce  structure.  In 
this  study  the  volcanic  noise  has  been  recorded  at  the  Mt.  Vesuvius,  Southern 
Italy,  by  three  portable  eight-channel  arrays,  consisting  of  two  three- 
component  and  eighteen  vertical  4.5  Hz,  extended  up  to  1  Hz,  geophones 
distributed  on  a  500x500  metres  area,  about  1  km  far  away  from  the  summit 
crater.  Two-dimensional  spectral  techniques  applied  to  Ae  noise  allow  to 
obtain  the  back-azimuth  and  the  apparent  velocity  of  the  plane  wavefront  and, 
consequently,  to  localize  the  noise  sources.  The  correlation  method  allows  to 
infer  fee  dispersion  relation  of  fee  surfece  waves  composing  fee  noise  and 
hence  fee  shallow  velocity  structure  of  fee  investigated  medium.  The  obtained 
results  have  been  compared  wife  fee  prevoius  ones  showed  by  other  authors 
and  provide  good  constraints  for  fee  knowledge  of  fee  volcanic  structure. 


Georgia  Pe-Piper(l)  and  David  J.W.  Pipet(2) 

(1)  Saint  Mary’s  University,  Halifax,  N.S.,  Canada;  (2)  Bedford  Institute  of 

Oceanography,  Dartmouth,  N.S.,  Canada 

(1)  GPiper@shark.stmarys.ca;  (2)  piper@agc.bio.ns.ca 


Nd,  Pb  and  Sr  isotopic  compositions  were  determined  from  igneous  rocks 
representing  fee  wide  geochemical,  spatial,  and  temporal  range  of  post- 
collisional  late  Cenozoic  magmas  in  fee  Aegean  area.  Most  magmas  result 
from  partial  melting  of  sub-continental  lithosphere.  Isotopic  variation  is  due 
to:  (a)  Proterozoic  subduction-related  enrichment  in  Th,  U  and  LILE, 
yielding  distinctive  Pb  isotope  composition;  (b)  Mesozoic  subduction  of 
marine  carbonates  and  of  terrigenous  sediments  from  both  the  proto-Nile  and 
Hercynian  basement;  (c)  an  asthenospheric  component  in  some  south  Aegean 
magmas.  Thermal  effects  of  rapid  Cenozoic  extension  led  to  melting  of 
subcontinental  lithosphere  producing  shoshonitic  magmas  in  the  north 
Aegean.  Slab  break-off  and  intrusion  of  hot  asthenosphere  caused  partial 
melting  of  rift-related  continental  margin  basalts  to  generate  adakitic 
magmas.  Further  outboard,  mafic  magma  from  enriched  lithospheric  mantle 
melted  thickened  lower  crust  to  produce  granitoid  plutons  of  the  Cyclades. 
The  South  Aegean  arc  results  directly  from  subduction-related  magmatic 
processes  interacting  with  extension. 
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GOLD-BEARING  QUARTZ  -  AMPHIBOLE  -  CARBONATE 
METASOMATITES  AT  THE  SURSKAYA  STRUCTURE  (UKRAINE)  - 
EVIDENCE  FOR  PRE-METAMORPHIC  GENESIS. 

V.  Monakhov  (1).  O .Kostenko  (2) 

(1)  Institute  of  Geochemistry,  Mineralogy  and  Ore  Formation  of  UAS, 

(2)  Geological  Institute  of  Kyiv  National  University 

Gold-bearing  quartz-amphibole-carbonate  metasomatites  are 
viddespread  within  the  Middle  Pridneprovye  granite-greenstone 
province.  Recent  petrological  and  geochemical  studies  allow 
conclusions  about  the  pre-metamorphic  origin  for  alteration  and 
relative  gold  mineralization.  Considered  to  be  metamorphic  green 
amphiboles  overlaing  not  only  quartz-carbonate  and  chlorire-biotite 
alteration  paragenesises,  but  colouiies  amphiboles  of  initial 
metabasites.  Amphiboles  composition  in  all  zones  is  dependent  of  the 
precursor  rocks  composition.  Metasomatites  formed  during 
soifataric-fumarole  and  hydrothermal  activity  time,  while  greenstone 
volcanogenic-plutonic  complexes  were  emplacing.  Pre-metamorphic 
gold-bearing  metasomatites  genesis  supposes  the  near-surface 
formation  for  the  part  of  ore  veins,  which  later  underwent 
metamorphic  reorganization  and  partial  redistribution  of  the  metallic 
substance  under  the  conditions  of  hiaher  temoerature  and  reduction. 


CLASSIFICATION  OF  VOLCANIC  ROCK  SERIES:  AN  EXPERIENCE 
FROM  THE  KAMCHATKA  ISLAND-ARC  SYSTEM 

Perepelov  A.B. 

Vinogradov  Institute  of  Geochemistry.  RAS,  Irkutsk,  Russia 
e-mail:  Fegion@igc.irkutsk.su 

Island-arc.  transitional  and  riftogenic  groups  have  been  Identified  among 
volcanic  series  of  the  Kamchatka  island-arc  system,  on  the  basis  of  Ti,  P,  K, 
Na,Ta.Nb, 

Zr.Hf,  U,  Th,  TR,  Y,  Ba,Sr,  Rb,Ni,  Cr  concentrations.  The  island-arc  group 
(fig) 

includes  low-K  (A),  middle-K  (B),  high-K  (C),  and  shoshonite-latite  (D)  series. 

The  K-alkaline  series(E)  reflects  a  postsubductional  setting.  Classification  was 
performed  using  the  K>0-SiO>  diagram,  modified  after  NichoIIs  &  Carmichael 
(1969),  Jakes* 

White  (1972),  McKenzie.* 
Chappell(l972),Pecceril!o& 
Taylor  (1976).  Jill  (1981). 
Evart(  1983),Bogatikov(  1985) 
et  al.  with  regard  to  the  rock 
systematics  from  "Classiflc. 
of  igneos  rocks..."  (1989). 
Abbreviations  in  the 
figure  stand  for:  AD*  - 
andesitic  dacite,  Q*  •  quartz 
rocks. 

Grants  of  RFBR  N  97-05- 

6567 1,  N  97-05-96548. 
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FAQAL  ANALYSIS  AS  A  BASIS  FOR  GEOLOGICAL 
MAPPING  ANCIENT  VOLCANIC  EDIFICE. 

V-S-Scharfman,  R.I.Kostina,  R.N .Sobolev  (Petrologycal  Department, 
Lomonosov  Moscow  State  University,  Russia; 
e-mail:  tisthek@geol.msu.ru) 

Geological  mapping  in  the  regiones  of  ancient  volcanic  activity  is  impo- 
ssibie  without  uaing  facial  analysis.  This  appoach  give  possi-bility  to  re- 
constract  ancient  volcanic  edifices,  to  estabiish  centres  of  eruption  and 
volcanic  vents  in  which  very  often  are  ore  deposits.  Among  many  vol¬ 
canic  facies  (genetical  groups)  the  following  three  are  the  most  impor¬ 
tant:  subvolcanic,  vent-effusive  and  py-roclastic.  Subvolcanic  group  is 
transitional  from  plutonic  to  vo-leanic  conditions;  these  are  dykes, 
stocks,  laccolites  etc.  Their  specific  fetures  are:  fiuidal  texture,  brecci- 
formity,  mandelstonity  etc.  Vent-effusive  group  is  especially  important. 
These  are  necks,  breccia  chimneies,  forming  by  lava  and  breccia.  These 
rocks  are  usually  intensively  hydroyhermal  changed.  Pyroclastic  group 
is  represented  by  different  tuffs  and  breccia.  These  rocb  were  formed 
by  expiosion  and  so  melt  was  rich  in  fluids.  This  is  favorable  for  diffe¬ 
rent  mineralization  formation. 


SE29  Continental  roots:  their  petrology, 
geochemistry  and  geophysical  features 
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SUBCRUSTAL  TEMPERATURES  IN  PRECAMBRIAN  CRATONS:  A 
COMPARATIVE  STUDY 

Irina  Artemieva 

Institute  of  Physics  of  the  Earth,  Moscow,  Russia;  irina@iartem.msk.ru 

The  goal  of  the  study  is  to  use  heat  flow  constraints  to  estimate  temperature 
distribution  in  the  crust  and  Moho  temperatures  in  different  Precambrian  regions  of  the 
world.  The  estimates  are  based  on  the  steady-state  solution  of  thermal  conductivity 
equation  for  the  lithosphere  and  are  primarily  constrained  by  surface  heat  flow 
observations  (the  global  compilation  of  H.PolIack),  estimates  of  crustal  structure  (the 
global  database  of  W.Mooney)  and  the  associated  distribution  of  thermal  parameters 
within  the  crust.  Where  necessary,  paleoclimatic  corrections  to  heat-flow  data  were 
made.  A  broad  study  of  the  available  data  on  heat  generation  in  crystalline  and 
sedimentary  rocks  of  different  Precambrian  provinces  of  the  world  was  carried  out  to 
make  a  reliable  constraints  on  heat  production  distribution  with  depth,  using  the 
concept  of  "heat  flow  provinces".  A  set  of  maps  for  temperature  distribution  at  the 
base  of  the  crust  was  produced  for  the  Precambrian  platforms  of  Europe,  Asia, 
Australia,  and  Africa.  The  results  of  the  study  show  that  Moho  temperatures  in  the 
ancient  continental  provinces  can  vary  in  wide  limits:  from  less  than  300oC  beneath 
the  oldest  parts  of  the  Siberian  Platform  and  the  West  African  Craton  to  more  than 
700oC  in  the  Parana  Basin,  with  the  most  typical  values  being  in  the  range  of  about 
5OO-6OO0C.  A  good  correlation  was  found  between  subcrustal  temperatures  and  Pn 
seismic  velocitieas. 


SEISMIC  TRAVEL  TIME  TOMOGRAPHY  STUDIES  OF  TWO 
VOLCANOES,  THE  LONG  VALLEY  CALDERA,  CALIFORNIA, 
AND  THE  HENGILL  VOLCANO,  ICELAND 

A.  Tryggvason  (1),  H.  M.  Benz  (2)  and  S.  Th.  Rognvaldsson  (3) 

(1)  Department  of  Earth  Sciences,  Uppsala  University,  Villav.  16,  5-75236  UP¬ 
PSALA,  Sweden,  (2)  U.  S-  Geological  Survey,  Box  25046,  MS967,  Denver,  CO, 
USA,  (3)  Icelandic  Meteorological  Office,  Bustadavegur  9,  IS-150  Reykjavik, 
Iceland. 

&t0geofys.uu.8e/Fax;  [46]  (0)18  501110 

The  Long  Valley  caldera,  located  on  the  edge  of  the  Sierra  Nevada  in  east 
central  California,  is  one  of  the  largest  active  rhyolitic  volcanic  systems  in  the 
world.  Situated  in  a  completely  different  environment,  the  mid-Atlantic  Ridge 
insouthwest  Iceland,  is  the  Hengill  central  volcano.  In  both  regions  the  P-  and 
S-wave  velocity  structure  has  been  examined  to  depths  of  12  km  below  sea  level, 
using  travel  times  from  local  earthquake  and  controlled  source  data.  Despite 
the  vast  difference  between  the  study  regions,  the  resulting  velocity  models 
have  some  common  features.  Neither  of  the  volcanoes  show  any  pronounced 
simply-connected  low-velocity  S-wave  bodies.  Instead,  reduced  P-wave  veloci¬ 
ties  control  the  top  12  km  of  the  crust  beneath  the  centers  of  eruption.  Though 
volcanically  active  in  the  last  few  thousand  years,  this  indicates  that  neither  of 
the  volcanos  have  a  large  discrete  magma  chamber.  The  low  P-wave  velocities 
might  instead  indicate  hydrothermal  activity  and  the  presence  of  supercritical 
fluids  deep  in  the  crust. 


Mantle  Hybridism  -Result  of  Mixing  Between  Melted  Mantle  Metasomatites  and 
Hot  Plum  Basalts. 

ASHCHEPKOV  I.V.  UIGGM  SD  RASc,  Novosibirsk,  Russia 
630090  Novosibirsk,  Universitetsky  pr.3,  Igor.Ashchepkov@uiggm.nsc.m 
DOBRETSOV  N.L.  UIGGM  SD  RASc,  Novosibirsk,  Russia 

An  example  of  high  temperature  hybrid  pyroxenite  Vitim  xenoliths  allow  to 
reconstruct  the  creation  processes  for  green  low  Cr  series  common  in  continental 
mantle  sampled  by  alkali  basalts  and  kimberlites.  This  essentially  websteritic  rocks 
reveal  two  separate  groups  with  the  rapid  decrease  of  Cr  content  and  calculated 
temperatures  from  1400  to  I250oC  Simplebinary  mixing  of5-l0%degree  fractional 
melts  from  ferriferous  mctasomatic  Iherzolitcs  with  the  melt  in  equilibrium  with  the 
most  primitive  high  temperature  basaltic  cumulates  well  describe  their  trace  element 
behavior.  More  flat  then  basaltic  cumulates  trace  element  patterns  and  elevated  HREE 
content  suggest  selective  Gar  melting  and  mixing  instead  of  primitive  melt  origin. 
Deep  Ta  and  Nd  depressions  in  one  group  and  small  positive  peaks  in  other's  suggest 
assimilation  of  ilmenite-bearing  metasomatites  and  then  early  and  essential  separation 
of  ilmenites.  Irregular  behavior  of  LILE-  HFSE  components  suggest  reactional 
relationships  with  Phi  and  possibly  Amph.  Picrite  melt  (mg'>75)  original  for  this  group 
should  be  formed  at  the  head  of  the  rising  plum  magma  as  a  result  of  the  heat  impact 
of  intruded  hot  masses  on  the  frontal  pan  of  mantle  metasomatites.  Restricted  volumes 
of  mixed  melt  portions  allow  to  form  motley  rock  series  with  exotic  trace  element 
patterns.  This  rocks  may  give  the  key  for  the  origin  of  some  Ca-rich  picrite  magmas 
and  to  serve  as  example  of  the  analogic  processes  for  the  plum  interaction  with 
continental  keels  of  cratons.  (Supported  RBRF  grants  94-05-17103  and  96-05-66049). 


Melting  Processes  In  Trans  Baikal  Mantle. 

ASHCHEPKOV  I.V..  UIGGM  SD  RASc.  Novosibirsk.  Russia 
630090  Novosibirsk.  Universitetsky  3,  Ig0r.Ashchepk0v@uiggm.n5c.ru 
ANDRE  L,  Musee  Royal  de  Africa  Centra!e,Tervuren.B-3080,  Belgium 
SALTERS  V.J.M..  NHML  &  Dept  of  Geol.  FSU,  Talahassee,  Florida.  US 

For  series  of  iherzolite  xenoliths  in  the  alkali  basalts  from  Baikal  Rift  Zone  degree  and 
proportion  of  the  melted  phases  were  determined  using  published  and  new  TREE 
analyses  of  bulk  rocks,  and  minerals  (SIMS  and  ICP  MS).  For  garnet  Iherzolites  from 
Vitim  the  degree  of  melting  vary  from  0.7  to  1.25%,  being  higher  •  2-4%  for  spinel 
iherzolites.  Usually  Gar  and  Cpx  demonstrate  the  equilibrium  but  in  several  samples 
the  difference,  sometimes  essential,  was  found.  Melts  parent  for  the  Gar  are  enriched 
in  LREE  and  HREE  and  reveal  Ce  negative  peaks  comparing  with  melts  parent  for  the 
ciinopyroxene.  Melting  ensembles  for  garnets  are  Cpx-Gar  enriched.  The  peculiarities 
found  for  melting  phases  suggest  their  reactional  relationships  and  repeated  fusion, 
TREE  patterns  of  garnets  are  similar  to  that  obtained  experimentally  from  carbonatite 
melt  (Sweeney  et  al..l995).  Crystallization  of  minor  Ce-carbonatcs  or  phosphates  can 
explain  Ce  anomalies.  Differences  in  LREE  between  determined  and  calculated  from 
the  minerals  bulk  rock  TREE  compositions  is  well  covered  with  the  1 .5%  partial  melts 
crystallized  in  intergranular  space.  These  features  suppose  that  usually  mineral  phases 
are  growing  from  the  thin  films  of  the  volatile-  enriched  melts  what  can  also  explain 
the  variations  and  zonation  in  trace  element  composition.  The  geometry  of  melts 
supposed  to  be  dependent  from  the  volatile  content  and  degree  of  melting  and  vary 
from  one  melting/  percolation  stage  to  another.  Essentially  hydrous  melting  may 
brings  to  the  Opx  growth,  carbonatite  orC02-  dominated  -  to  the  silica  undersaturated 
Gar-CPx  assemblages,  the  intermediate  •  to  the  modal  melting.  For  Hamar-Daban 
(data  Ionov  et  al.,  1995)  0.3-0.8%  degree  and  enriched  in  01  melting  assemibage  is 
found  supposing  hydrous  fluid  as  agent.  For  Bartoy  Iherzolites  the  degree  of  melting 
is  about  1%  being  one  order  less  for  the  meta.5omaiiies.  (Supported  RBRF  grants 
94-05-17103  and  96-05-66049). 
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Melt  Differentiation  in  Mantle  Vein  Systems.  Repeated  Dissolution  and 
Precipitation. 

ASHCHEPKOV  I.V.  et  al,  UIGGM  SD  RASc,  Novosibirsk,  Russia 
630090  Novosibirsk,  Universitetsky  pr.3,  Igor.Ashchepkov@uiggm.nsc.ru 
ANDRE  L,  Musee  Royal  do  Africa  Centrale,  Tervuren,  B-3080,  Belgium 

Precise  ICP  analyses  for  the  various  pyroxenites  from  Vtitim  picrite  basalts  allow  to 
reconstruct  quantitative  phase  relationships  and  the  process  of  differentiation  of  their 
parent  magmas  with  the  simulation  of  natural  trace  element  distribution.  In  studied 
groups  of  pyroxenites:  black  megacrystalline  suite  (BMS),  hybrid  HToC  green 
pyroxenites  (GHTP),  hybrid  LToC  veins  (HLTP)  and  Cr-diopside  veins  (CDV) 
pulsing  character  for  Pb,  HFSE,  and  sometimes  Zr-  Hf  was  detected.  BMS 
demonstrate  not  only  the  perfect  fractional  cotectic  (CPx-Gar)  differentiation  but  also 
dissolution  of  the  earlier  formed  phases.  It  is  pronounced  at  the  ilmenite  bearing  group 
near  40%  of  remaining  liquid.  The  process  branches  in  this  stage  with  the  appearance 
of  the  free  fluid  phase,  producing  cavities  filled  with  the  ilmenite  and  Ti-biotite. 
Calculations  show  the  dissolution  of  ilmenite  and  possibly  minor  rutile  and  zircon 
from  the  early  cumulates.  Such  pulsing  precipitation-dissolution  process  suggested  to 
be  the  principal  factor  of  the  ore  rare  clement  component  enrichment  in  pegmatite-  like 
mantle  and  possibly  crust  processes.  Ilmenite  rounded  blebs  are  coat^  by  the  glass 
films  crystallized  from  fluid  suggested  to  be  the  main  transport  mater.  Repeated 
fusion  of  restites  explains  the  mirror  like  patterns  of  the  HLTP  which  effectively 
dissolute  the  wall  matter  due  to  enrichment  of  melts  in  volatiles  while  continuos  Gar 
precipitation  is  responsible  for  the  depletion  in  HREE.  CDV  pyroxenites  also  reveal 
remelting  origin.  Their  calculated  melting  ensemble  is  much  more  Gar  and  Cpx 
enriched  with  higher  degree  of  melting  which  brings  to  the  appearance  of  more 
rounded  and  HREE  depleted  then  for  Iherzolite  Cpx  REE  patterns.  (Supported  RBRF 
grants  94-05-171 03  and  96-05-66049). 


GEOPHYSICAL  EVIDENCE  OF  MANTLE  INVOLVEMENT  IN 
PALEOPROTEROZOIC  OROGENESIS 

D,  E.  Boerner  (1,2),  R.D.  Kurtz  (1),  J.A.  Craven  (1),  G.M.  Ross  (3)  and 
F.W.  Jones  (4) 
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Electromagnetic  data  from  western  North  America  shows  compelling  evidence 
for  chemical  structure  created  in  the  mantle  during  the  Paleoprotetozoic  East 
Alberta  orogen.  The  Paleoproterozoic  was  a  period  of  tremendous  tectonic  ac¬ 
tivity  on  a  global  scale,  the  effects  of  which  are  still  not  completely  understood. 
In  western  Canada,  the  spatial  correlation  of  mantle  conductivity  structure  with 
the  isotopically  defined  age  provinces  in  the  upper  crust  is  suggestive  of  sub- 
duction  related  metasomatism  that  substantially  polluted  the  subcontinental 
mantle  during  the  orogeny.  This  talk  will  present  the  geophysical  and  geological 
evidence  used  to  identify  the  collision  event  and  develop  the  correlations  that 
indicate  the  mantle  and  crustal  processes  were  related. 


MELTING  OF  THICKENED  CONTINENTAL  CRUST  BY  THE 
PASSAGE  OF  BASALTIC  DYKES 
C.  Crambes  and  S.  Tait 

Institut  de  Physique  du  Globe  de  Paris,  Paris,  France. 
crainbesCipgp.ju83ieu.fr,  stt6ccr.jussieu.fr 

Thickened  continental  crust  is  thermally  perturbed  on  account  of  the  increased 
vertical  scale  over  which  radioactive  heat  generation  occurs.  Geotherms  in 
thickened  crust  rise  to  shallower  depths  than  in  normal  crust,  and  the  tem¬ 
perature  at  the  base  may  approach  the  solidus  of  the  rocks.  In  consequence 
basalt  intrusions  from  the  upper  mantle  are  unlikely  to  cross  this  warm  zone 
without  causing  melting  of  crustal  rocks.  E.xtensive  mixing  may  subsequently 
occur  between  basalt  and  crustal  melts. 

A  geological  example  of  this  process  is  the  Neogene  to  recent  post-orogenic  vol- 
canism  that  took  place  on  the  northern  part  of  the  Tibetan  Plateau.  Seismic 
data  indicate  a  thickness  of  ~  70  km  for  the  crust  beneath  the  Plateau.  In 
some  places  large  volumes  of  silicic  melts  have  been  produced  and  the  chemical 
signature  of  much  of  the  erupted  magma  suggests  a  crustal  origin.  Values  of 
SiOz  range  from  55  %  to  65  %  and  the  content  of  A'jO  -I-  NaiO  is  greater 
than  6  %. 

We  present  a  physical  model  of  heating  from  the  side  of  a  block  of  solid  in 
which  there  is  a  vertical  temperature  gradient.  The  aim  is  to  predict  the  depth 
at  which  melting  is  likely  to  take  place  due  to  the  passage  of  mafic  dykes 
through  the  crust,  and  to  determine  the  initial  geometry  of  the  molten  region 
and  the  rate  of  melting. 


MODELLING  OF  INTRACRUSTAL  GEODYNAMICS 
UNDER  COLLISIONAL  BELT  CONDITIONS  (NE  PART  OF 
THE  BALTIC  SHIELD  AS  AN  EXAMPLE) 

Valentina  Filatova  (Geological  Institute  of  the  Kola  Science  Centre  of  the 
Russian  Academy  of  Sciences,  Apatity,  184200,  Russia,  go- 
richs@gorichs.mutmansk.su) 

On  the  basis  of  geological-geophysical  data  interpretation  and  madiematical  mod¬ 
elling,  the  geodynamics  regimes  responsible  for  die  formation  of  the  Lapland 
Granulate  Belt  located  in  the  intracratonic  collision  zone  were  reconstructed.  The 
uplifting  of  lower  crust  rocks  to  the  surface  is  accounted  for  by  a  high  pressure 
arising  in  ductile  zones  below  and  at  junctions  of  mobile  geoblocks.  The  sliding 
blocks  impulses  were  short  and  discrete.  Underthrusting  resulted  in  backward  mass 
flow  in  the  crust  asthenolenses  as  well  as  in  ductile  layers  situated  in  the  junction 
zone  between  the  geoblocks,  where  at  sertain  regimes  the  upper  crust  rocks 
were  removed  to  the  lower  crust  level.  Thermomechanical  effects  accompaning 
these  phenomena  caused  excess  heating  of  die  ductile  rocks  and  were  respoiuible 
for  the  occurrence  of  intracrustal  local  thermal  anomalies  stimulating  acid  magmas 
generation,  the  high-temperature  metamorhpism  and  tectonic  dislocations  in  the 
rigid  upper  crust  level.  An  interdependency  between  the  parameters  of  geodynamic 
processes  (velocity  and  direction  ofunderthrust,  ductile  layer  thickness, 
suture  dip,  blocks  wrap,  pressure  gradient  in  the  collisional  zone)  at  a  given  time 
span  determined  the  velocity  and  direction  of  mass  transfer,  P-T  variation  and  the 
formation  of  transform  thrust  zones. 


THE  ABSENT  LOWER  CRUSTAL  CONDUCTOR 
A.  G.  Jones  (1)  and  I.  J.  Ferguson  (2) 
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In  Phanerozoic  regions  the  conductance  of  the  lower  crust  is  typically  200- 
500  Siemens  and  Precambrian  regions  20-200  Siemens,  whereas  a  dry  lower 
crust  should  display  a  conductance  of  less  than  1  Siemens.  Various  hypotheses 
have  been  propel  over  the  last  three  decades  to  explain  this  observation,  with 
the  two  currently  most  promoted  being  saline  fluids  and  an  interconnected  thin 
grain-boundary  carbon  film,  but  both  have  significant  objections. 

Recent  studies  on  the  southwestern  corner  of  the  Slave  craton  in  northwestern 
Canada  yield  a  conductivity-depth  structure  that  is  so  far  unique.  Inversions  of 
the  magnetotelluric  responses  show  that  at  this  location,  which  hosts  the  old¬ 
est  dated  rocks  on  Earth  at  4.126  Ga,  there  is  no  conducting  lower  crust.  The 
conductance  of  the  whole  crust  is  1.5  Siemens,  and  below  5  km  is  less  than  0.8 
Siemens,  consistent  with  the  laboratory  studies.  This  suggests  that  processes 
active  in  the  late-Archean  and  younger,  which  resulted  in  the  emplacement  of 
conducting  material  (whether  fluids  or  solid  phase)  deep  within  the  crust,  were 
not  active  in  the  early  to  middle  Archean  as  the  Slave  craton  was  being  formed. 
There  is  an  order  of  magnitude  increase  in  electrical  conductivity  at  a  depth 
corresponding  to  the  seismically-imaged  crust-mantle  boundary  at  35  km.  This 
observation,  of  the  electrical  equivalent  of  the  seismic  “Moho",  is  a  first.  How¬ 
ever.  to  be  explained  is  that  the  lithosphere  immediately  below  the  Moho  is 
more  conducting  than  both  oceanic  uppermost  mantle  and  results  from  labo¬ 
ratory  studies  on  mantle  rocks. 


GEOLOGICAL  AND  GEOPHYSICAL  PECULIARITIES  OF  THE  ANABAR 
SHIELD  CRUST  LIKE  AN  EXAMPLE  OF  EXPOSED  LOWER 
CONTINENTAL  CRUST 

Svet  Milanovsky,  Mike  Kaban  (United  Institute  of  Physics  of  the  Earth  RAS, 
B.Gruzinskaya  10,  123810,  Moscow,  Russia)  and  Anatolii  Egorkin  (GEON  Center, 
Moscow,  Russia) 

For  the  area  of  Anabar  Shield  (East  Siberia)  we  investigated  geology,  seismic,  gravity 
and  thermal  fields.  The  Earth  crust  of  the  Anabar  Shield  presents  a  relict  of  most 
ancient  sialic  cover  of  the  Earth  including  both  magmagene  and  sedimentogenous 
rocks.  Lower  crustal  complexes  of  Anabar  Shield  are  identified  and  subdivided  into 
passive  (terranes)  and  active  (collision  zones)  tectonic  unites.  On  the  present  surface 
of  the  Shield  we  may  observe  lower  crustal  complexes  uplifted  to  the  Earth  surface 
through  tectonic  processes.  In  that  case  the  rock  peculiariaties  expected  include  high 
grade  metamorphysm,  high  density.low  heat  production  and  some  others.  Gravity  field 
of  the  crust  within  Anabar  Shield  is  characterized  by  linear  maxima  which  coincide 
witfi  zones  of  granulitic  terranes.  From  seismic  data  (Vp  and  Vs  waves)  we  got  the  fine 
structure  of  Anabar  Shield  cnist  and  adjacent  blocks.  Seismic  data  shows  vertical  and 
lateral  inhomogenity  of  the  Shield's  crust.  Thermal  field  of  the  Anabar  Shield  is 
characterized  by  very  low  heat  flow  density  -  20  to  25  mW/m2.  In  Anabar  area  we 
have  stable  from  the  Early  Proterozoic  time  lithosphere  with  deep  "roots".  For  the 
Anabar  Shield  average  crustal  heat  generation  is  0.36  mkW/m3  and  corresponds  to  the 
magnitudes  typical  for  the  lower  continental  crust.  We  have  "frozen"  crust  with  eroded 
granite-gneissic  layer.  The  present-day  crust  being  a  possible  model  for  the 
consideration  of  the  lower  continental  crust  consisting  of  the  blocks  reflecting  collision 
nature  of  the  Anabar  granulites  due  to  intense  overthrust  movements. 
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SUBCONTINENTAL  DOWNWELLING:  THE  ROOTS  ARE  UNSTABLE 

W.R.  Felder  and  Giovanni  Pari  (Department  of  Physics,  University  of  Toronto, 
Toronto,  Ontario.  Canada  M5S  1 A7;  peltier@atmosp.physics.utoronto.ca/Fax: 
MI6-978-8905) 

One  of  the  most  fundamental  of  the  many  outstanding  issues  in  global 
geodynamics  concerns  the  role  of  the  continents  in  the  convective  circulation 
that  maintains  the  plates  in  their  relative  motion.  A  conventional  view  is  that 
their  role  is  essentially  passive.  This  cannot  be  entirely  true  if  only  because 
their  presence  appears  to  account  for  the  "one-sided"  nature  of  subduction 
compared  with  the  "two-sided"  nature  of  seafloor  spreading.  There  are  also 
indications,  however,  tiiat  the  mantle  convective  circulation  could  be 
significantly  organized  by  the  presence  of  the  continents.  We  have  recently 
ttgued  (Peltier  et  al.  1992,  Pari  and  Peltier,  JGR,  101, 2810S,  1996)  that  there 
is  convincing  evidence  for  the  presence  of  strong  down  welling  flow  beneath  the 
continents,  flow  that  is  driven  by  the  presence  of  high  density  "roots"  in  the 
sub-cratonic  mantle.  That  these  roots,  the  classical  "tectosphere",  must  be 
dynamically  active  has  been  inferred  on  the  basis  of  the  large  free  air  gravity 
anomaly  that  exists  over  the  Laurentian  craton  which  forms  the  nucleus  of  the 
North  American  continent.  In  this  paper  we  revisit  these  arguments  and  in 
particular  demonstrate  using  seismic  tomography  controlled  models  of  the 
mantle  convection  process  titat  the  reason  why  tiie  North  American  craton  is 
unique  in  this  regard  has  to  do  both  with  the  magnitude  of  its  root  and  the  fact 
tiutf  the  flow  in  die  mantle  beneath  the  root  is  relatively  uninfluenced  by  lower 
mantle  density  heterogeneity.  We  provide  strong  evidence  that  essentially  all 
cratons  are  located  in  regions  of  upper  mantle  convergence. 


SE30  Degasing  of  high-level  magma  chambers 
and  the  evolution  of  magmatic-hydro¬ 
thermal  systems 

Convener:  Fulignati,  P. 

Co-Convener:  Carroll,  M.R. 


Evolution  of  trace  elements  In  fumarollc  gases  at  Vulcano  Island  (Italy) 
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’’Atominstitut  der  Osterreichischen  Universitflten,  Wien,  Austria. 

*Istituto  di  Geochimica  dei  Fluid!,  C.N.R.,  Palermo,  Italy 
Fax.+39.91.6809449^-  e-mail:  soitino@igf.pa.cnr.it 

The  development  of  improved  sampling  methods  and  analytical  techniques  for  the 
determination  minor  and  trace  elements  in  volcanic  gases  during  the  last  year  lead  to 
identification  of  indicators  for  volcanic  activity.  The  knowledge  of  their  distribution 
contributes  significantly  to  a  better  understanding  of  degassing  processes  tirom 
various  sources.  Among  the  various  alkaline  solution  test^,  the  b^t  results  have 
been  obtained  by  means  of  Ammonia  solution.  A  large  number  of  minor  and  trace 
elements  was  determined  by  application  of  NAA,  HPLC,  ICP-MS  and  AAS. 

Samples  of  volcanic  gases  have  been  collected  by  means  of  alkaline  absorption 
solutions  at  the  crater  fomaroles  of  Vulcano  island. 

The  good  correlation  between  some  trace  elements  and  halogen  suggests 
halogenidric  acids  act  as  carrier  for  these  elements.  Furthermore,  their  anti- 
correlation  with  both  He  and  CO2,  well  agree  with  current  models  about  the  genesis 
of  these  fumarolic  gases,  coming  from  a  mixing  between  magmatic  and 
hydrothermal  gases.  Our  results  also  suggest  that  other  processes  could  sporadically 
contribute  to  the  abundance  of  trace  elements  in  fumarolic  gases. 

Moreover,  according  to  the  modification  in  the  hydrothermal  solution,  suggested  by 
Di  Liberto  et  al.  (1998),  a  decreasing  metal  and  halogen  contents  have  been 
observed  during  the  last  few  years. 


THE  DEVELOPMENT  OF  CONTINENTAL  ROOTS:  A  NUMER¬ 
ICAL  UPPER  MANTLE  DECOMPRESSION  MELTING  MODEL 

J.H.  de  Smet  (1),  A.P.  van  den  Berg  (1),  N.J.  Vlaar  (1)  and  D.A.  Yuen  (2) 
(1)  Dept.  Theoretical  Geophysics,  Utrecht  University,  P.O.Box  80.021, 3508  TA 
Utrecht,  The  Netherlands,  (2)  Minnesota  Supercomputer  Institute  and  Depart¬ 
ment  of  Geology  and  Geophysics,  University  of  Minnesota,  Minneapolis,  MN 
55455,  USA. 

Decompression  melting  in  a  upper  mantle  continental  system  is  studied  with 
a  numerical  model.  The  density  of  the  residue  decreases  upon  melting  and 
induces  a  positive  buoyancy  force  which  enhances  the  stability  of  continental 
roots  over  long  periods  of  time.  In  previous  work  we  have  shown  that  the 
compositionally  distinct  continental  root  can  grow  steadily  through  ongoing 
mantle  differentiation  by  means  of  decompression  melting  in  small  scale  diapirs. 
The  present  model  incorporates  a  more  realistic  melting  phase  diagram  showing 
an  increase  in  the  slope  of  both  the  solidus  and  liquidus.  Furthermore,  the 
difference  between  solidus  and  liquidus  temperature  decreases  with  depth  and 
a  non-linear  isobaric  melting  pareuneterization  is  used.  The  model  includes  a 
consistent  recurrent  melting  mechanism,  which  requires  a  high  (kilometer  scale) 
spatial  resolution  of  the  numerical  mesh.  In  addition,  p,  T-dependent  viscosity, 
depth  and  time  dependent  radiogenic  heating  as  well  as  viscous  heating  are 
incorporated.  The  resulting  model  can  be  applied  to  situations  in  which  deep 
melt  formation  occurs.  This  is  important  since  the  depth  interval  over  which 
melting  occurs  has  decreased  during  the  Earth’s  history. 


EARTHQUAKE-INDUCED  CHANGES  IN  THE  ISOTOPIC 
COMPOSITION  OF  THE  WATER  IN  THE  GEOTHERMAL 
RESERVOIR  AT  VULCANO  ISLAND,  ITALY 

L.  Bolognesi 
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A  geothermal  reservoir  formed  near  the  foot  of  the  active 
crater  of  Vulcano  Island  mainly  by  condensation  of 
magmatic  vapor.  Increases  in  the  oxygen  composition  of  the 
reservoir  water  are  consistent  with  earthquake-induced 
increases  in  the  contribution  from  5^  ^0-rich  magmatic 
condensate  to  the  geothermal  reservoir.  Subsequent  ^^0 
exchanges  during  reactions  between  the  highly  reactive 
magmatic  condensate  and  the  local  rocks  at  the  temporarily 
increased  reservoir  temperature  cause  the  reservoir  water 
to  shift  to  lighter  values.  These  variations  in  the  oxygen 
composition  of  the  reservoir  water  are  not  reflected  by  the 
deuterium  composition,  as  the  5D  value  of  the  magmatic 
condensate  released  from  the  magma  after  the  ^ctonic 
earthquakes  approaches  values  very  similar  to  that  of  the 
water  in  the  geothermal  reservoir. 


PRE-ERUPTION  VOLATILES  IN  AD  79  MAGMA  CH.AVIBER  OF 
VESUVIUS  (ITALY) 

Raffaello  Cioni 
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The  results  of  a  study  of  volatiles  in  groundmass  glasses  and  in  melt  inclusions 
(Ml)  in  sanidine,  leucite  and  diopsidic  pyroxenes  from  phonolitic  "while"  and 
tephri-phonolilic  "grey"  pumices  of  the  AD  79  eruption  of  Vesuvius  give 
insights  on  magma  chamber  evolution  and  on  its  pre-eruptive  state. 

Volatiles  in  MI  were  determined  by  FTIR  spectroscopy  (water  and  C02)  and 
EPMA  (chlorine  and  sulfur).  Sanidine  is  an  ubiquitous  phase  in  AD  79  products. 
On  the  basis  of  their  isotopic  features  and  mineral  chemistry  we  can  state  that 
sanidine  crystals  in  grey  pumices  result  from  syn-eruptive  mixing  between  an 
overheated,  crystal  free,  tephriphonolitic  magma  and  a  phonolitic  "white"  liquid. 
A  mean  water  content  of  about  6.5  wt%  can  be  assumed  for  the  phonolitic 
magma,  suggesting  a  minimum  pressure  around  150  MPa.C02  and  S  are  always 
under  the  detection  limit.  Cl  is  very  close  to  the  experimental  solubility  limit. 
Water  content  of  MI  in  sanidine  from  grey  pumice  is  generally  lower  than  water 
from  "while-hosted”  sanidine.  and  their  composition  is  more  evolved.  Sanidine 
resorption  due  to  the  heating  effect  during  syn-eruptive  mixing  can  be  invoked  to 
explain  these  differences.  Groundmass  glasses  are  characterised  by  very  high  Cl 
content  (8000-8500  ppm).  The  Cl  melt-fluid  partition  coefficient  result  to  be 
lower  than  that  for  rhyolitic  compositions,  resulting  in  a  low  Cl  yield  to  the 
atmosphere  during  eruption. 
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THE  INFLUENCE  OF  INTRATELLURIC  FLUIDS  ONTO  SUBMARINE 
VOLCANIC,  HYDROTHERMAL  AND  SEDIMENTARY  PROCESSES 

DAVYDOV  M.P. 
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In  the  metalliferous  sediments  accumulated  within  the  East  Pacific  Rise  axial  parts 
and  flanks  near  13^N  and  21^*8  submarine  hydrothermal  systems  were  identified 
“primitive”  basalt  minerals  together  with  chromepicotite,  chromediopside, 
periclase,  carborundum,  native  metals  and  intermetallic  combinations 
(intermetals),  magnetite  -  chromite  balls  with  native  Fe  nucleus,  basaltic  glass  with 
quarts-hydromica-chlorites  nodules.  The  intermetals  were  sampled  also  from 
hydrothermal  plumes.  Their  simultaneous  detection  testifies  that  they  are 
genetically  akin.  Formation  of  carborundum,  intermetals  (especially  native  Al,  Zn) 
needs  dry,  sharply  reductive  conditions  and  the  low  partial  pressure  of  oxygen. 
These  conditions  are  realized  at  basaltic  magma  metallization  by  the  intratelluric 
fluids  (H:,  CR*,  CO).  The  intratelluric  fluids  penetrating  about  fracture  zones  on 
the  flanVs  are  frvourable  for  the  initiation  of  low-temperature  hydrothermal 
activity.  If  low-temperature  solutions  discharge  near  oceanic  floor  surfiice 
amorphous  "nontronitic'*  and  Si-Fe  mud  are  deposited  When  the  fluids  discharge 
within  sediments  the  metasomatic  processing  takes  plase.  The  low-temperature 
l^drothermal  activi^  was  not  identified  on  the  flanks  at  the  21°S  area.  The  EPR 
high-spreading  areas  (2PS)  my  be  though  considered  as  zones  of  "focussed"  fluid 
streams  in  contra^  to  zones  of  "scattered"  fluid  streams  (n^^N). 


A  MELT  INCLUSION  STUDY  OF  VOLATILES  DURING  THE  1944  LAVA 
FOUNTAINING  ACTIVITY  AT  VESUVIUS 
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A  study  of  pyroclastic  deposits,  representative  of  the  sequence  of  lava  fountaining 
activity  occurred  during  the  1944  eruption  of  Vesuvius,  has  been  done.  Although  the 
whole  rocks  vary  in  composition  from  phonotephrite  to  tephritc  from  the  bottom  to 
the  top  of  the  deposits,  the  separated  groundmasses  exhibit  a  homogenous 
phonotephritic  composition.  Tephrites  result  from  the  accumulation  of 
clinopyroxenes. 

The  mineralogy  indicates  two  distinct  parageneses:  a)  olivine  (Fo89-83)  +  diopside: 
b)  salite  -  olivine  (Fo76)-t-leucite  +  plagioclase.  Similarly,  the  melt  inclusions 
exhibit  nearly  primitive  tephritic  composition  (Mg#0.66,  Ca0/A1203  =  0.88),  rich 
in  volatiles  (S  =  0.23-0.20  wl%;  Cl  =0.50-0.56  wi%.  H20  up  to  3  wt%;  C02  =  2150 
to  3000  ppm,  with  one  measurements  at  4000  ppm),  to  evolved  phonotephritic 
composition  (Mg#'-0.44;  Ca0/Al203  -  0.5).  rich  in  Cl  (0.8- 1.0  wt%)  but  depleted 
in  H20  (<1.0  wrt-o),  and  C02  (between  1400  and  280  ppm).  The  mineral 
paragenesis  of  the  phonotephrites  represents  low  pressure  crystallization  (Pfluid  = 
50-150  MPa).  Olivine,  diopside  and  their  melt  inclusions  indicate  higher  pressures 
of  fluids  (300-600  MPa),  the  ascent  of  magma  from  deep  reservoir(s)  and  its 
injection  in  the  shallow  one  just  prior  to  the  eruption.  The  involvment  of  this  C02. 
H20-rich  magma  after  the  partial  empliyng  of  the  shallow  reservoir  causes  the 
transition  in  the  eruption  dynamics  from  lava  effusions  to  strong  lava  fountaining. 


Variations  of  fumarolic  gases  composition  at  Vulcano  island  (Italy)  related  to 
hydrothermal  system  evolution. 

V.  Di  Liberto®,  P.M.  Nuccio®,  A.  Paonita®,  F.  Sortino* 

®Istituto  di  Mineralogia,  Petrografia  e  Geochimica,  University  dl  Palermo,  Italy 
♦Istituto  di  Geochimica  dei  Fluidi,  C.N.R.,  Palermo,  Italy 
Fax.+39.9 1.6809449  -  e-mail:  sortino(gigf.pa.cnr.it 

There  is  a  general  agreement  among  reseachers  about  the  genesis  of  fumarolic  gas 
of  Vulcano  crater,  considered  as  a  mixture  of  magmatic  and  hydrothermal  fluids. 

The  mixing  model  proposed  by  Nuccio  et  al.  (1998)  is  able  to  quantitatively 
evaluate  composition  and  mixing  fraction  of  the  two  components.  Our  investigations 
indicate  a  remarkable  decreasing  trend  of  both  HCl  and  total  sulphur  in  fumarolic 
gas,  over  the  last  20  years,  this  clearly  suggests  important  modifications  underwent 
in  the  hydrothermal  system,  as  both  gases  are  mostly  released  from  it.  Although  a 
remobilization  process  of  solid  phases  has  been  recognized,  we  suggest  that  a 
composition  change  of  hydrothermal  solution  is  the  main  process  inducing  the 
observed  composition  trend.  Particularly,  we  interpret  the  above  changes  as  the 
consequence  of  a  decreased  Ca’^/Na''  ratio  in  the  solution,  and  a  related  pH  increase 
affecting  the  production  of  acidic  gases.  Our  results  also  suggest  the  generation  and 
expansion  of  a  central  vapor  monophase  zone  in  the  hydrothermal  system,  having 
important  implications  on  possible  magma-water  interaction  and  on  phreato- 
magmatic  explosion  hazard  assessment. 


PALAEOHYDROGEOTHERMAL  SYSTEM  OF  AVALA  MOUNTAIN 
(NEAR  BELGRADE)  IN  RELATION  TO  MAOMATISM  AND  ORE- 
FORMING  PROCESSES 

M.  Milivojevic 

Universi^  of  Belgrade,  Faculty  of  Mining  and  Geology,  Oeothennal  Research 
Laboratory,  Djusina  7, 11000  Belgrade,  YU,  fhx:  ++  381  11  3234  226 

Avala  mountain  is  located  about  15  km  south  of  Belgrade.  Geological 
investigations  and  prosection  in  Avala  and  its  surroundings  started  a  long  time 
ago,  mostly  due  to  mercury,  lead  and  zinc  deposits.  Mercury  mine  *Suplja  stena* 
is  probably  the  oldest  mine  in  the  world  well  known  from  ancient  time.  Besides 
ore  deposits  in  the  Avala  area  is  located  nine  occurrences  of  mineral  deposits 
consists  of  siliceuosus  sinter  and  six  occurrences  of  carbonate  deposits  formed 
of  calcite,  siderite  and  dolomite.  Hydrogeothermal  altered  minerab:  quartz, 
calcite,  zeolite  etc.  are  discovered  in  five  boreholes  at  depth  from  40  to  80  m 
in  neogene  sediments  and  bellow  them  in  bedrock  consbts  of  serpentinite.  The 
mercury  ore  deposits  are  discovered  in  siliceuosus  sinter.  The  galenite  ore 
deposits  are  discovered  iri  carbonate  rocks.  The  temperature  of 
hydrogeothermal  fluid  which  was  forming  the  carbonate  occurrences  were  100- 
150  oC  according  to  homogenization  of  inclusion.  Siliceous  occurrences  were 
formed  from  fluid  with  the  temperature  of  200-275  oC  The  origin  of  the 
hydrogeothermal  convective  system  b  undiscovered  granitoid  intrusion  of 
neogene  age.  Active  discharge  of  fluids  stopped,  according  to  paleontological 
proves  at  the  end  of  pliocene  and  beginning  of  quaternary. 


RARE  EARTH  ELEMENTS  BEHAVIOUR  IN  THE  ALTERATION  FAaES 
OF  AN  ACTIVE  HIGH-SULFIDATION  HYDROTHERMAL  SYSTEM 
(VULCANO,  AEOLIAN  ISLANDS,  ITALY) 


_ _  Anna  Gioncada  and  Alessandro  Sbrana 

Dipartimento  dt  Scienze  della  Terra,  University  di  Pisa.  Pisa,  Italy 
fulignati@d5t.unipi.it/fax:  +39-50-500675 


La  Fossa  volcano  is  an  example  of  an  active  magmatic-hydrothermal  system.  Acid 
gases  in  part  of  magmatic  origin  (HCl,  HF,  SO2),  linked  to  the  degassing  of  a 
shallow  magmatic  reservoir,  contribute  to  the  high  temperature  (up  to  500®C) 
fumarolic  fields  present  at  La  Fossa.  A  high-sulfidation  system  develops  at  the 
surface,  producing  silicic,  advanced  argillic  and  intermediate  argillic  alteration 
facies.  In  the  subsoil,  laterally  to  the  conduit  zones,  a  neutral  low  permeability 
hydrothermal  system  develop.  Many  works  have  proved  that  REE  can  be  mobilized 
in  hydrothermal  environments  under  low  pH  conditions,  high  water/rock  ratio  and 
abundance  of  complexing  ions.  Their  behaviour  can  therefore  be  used  to 
characterize  the  hydrothermal  processes.  In  this  work  the  REE  contents  of  the 
hydrothermally  altered  roc^  are  compared  to  the  unaltered  rocks,  and  the  REE 
behaviour  in  the  hydrothermal  processes  is  discussed.  REE  appear  to  be  strongly 
depleted  in  the  silicic  alteration  as  a  result  of  the  very  low  pH  conditions  of  the 
hydrothermal  solutions  and  their  high  content  in  complexing  ions.  In  the  advanced 
argillic  facies  LREE  concentrations  do  not  change  in  respect  to  the  unaltered  rocks, 
while  HREE  are  depleted.  This  may  be  due  to  the  abundance  of  alunite  group 
minerals,  which  retain  LREE.  In  the  intermediate  argillic  facies  the  higher  pH 
conditions  determine  the  immobility  of  the  REE.  Indeed,  the  REE  concentrations  are 
sometimes  slightly  higher  than  in  the  unaltered  rocks,  possibly  as  a  consequence  of 
the  abundance  of  phyllosilicates,  which  can  retain  REE.  Propylitic  and  phyllic 
alteration  in  the  subsoil  are  characterized  by  REE  immobility,  due  to  the  nearly 
neutral  pH  conditions  and  to  the  low  waier/rock  ratio. 


Composition  changes  of  volcanic  gas  and  computation  of  magma  ascent 
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Volcanic  gases  provide  powerful  information  on  magma  degassing  process,  as  their 
amount  and  composition  are  related  to  the  thermodynamicar conditions  under  which 
they  have  been  released.  Unfortunately,  they  could  interact  with  hydrothermal  sys¬ 
tems  before  they  are  able  to  reach  the  surface.  In  this  case,  variations  of  gas  compo¬ 
sition  are  difficult  to  interpret,  as  mixing  process  could  masks  the  actual  changes  of 
each  component.  We  developed  a  geochemical  model,  based  on  mass  and  energy 
balance  equations,  to  rigorously  and  quantitatively  evaluate  composition  and  frac¬ 
tion  of  magmatic  and  hydrothermal  components  involved  in  mixing  process.  Then, 
we  are  able  to  quantitatively  assess  magma  depth  and  ascent,  by  improving  the  ap¬ 
proach  proposed  by  Nuccio  &  Valenza  (1992,  1998).  In  fact,  the  appropriate  use  of 
helium  isotope  and  gas  composition,  solubility  of  volatiles  and  their  partition  con¬ 
stants  between  melt  and  vapour  phase,  allows  to  compute  both  depth  and  ascent  of 
magma.  The  mass  involved  in  the  process  can  be  also  estimated  taking  into  account 
the  computed  magma  rise,  the  excess  of  released  volatiles,  their  solubility. 

Small  magma  movements  towards  the  surface  yield  large  changes  in  gas  composi¬ 
tion  and  small  variations  of  volatile  outputs.  Therefore,  geochemical  parameters  are 
extremely  sensitive  tracers  of  magma  ascent,  suitable  for  volcanic  eruption  fore¬ 
casting. 
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CRYSTALLIZATIOMNDUCED  BY  DEGASSING:  EXPERIMENTAL  DATA 

AND  IMPLICATION  FOR  THE  MAGMA  CONVECTION  AND  FLUID 
TR.ANSPORT. 

Simakin  A.G.  and  Salova  T.P..  lEM  Chemo|o!ovka 
142432  lEM  Chemogolovka.  Moscow  distr.,  Russia. 

Fax:(095)91321 12.  E-Mail:  simakinig  iem.ac.ru 

Generally  convection  in  a  magma  chamber  is  considered  as  thermal,  double- 
diffusive  or  recently  as  phase  convection  due  to  solid  phase  formed  at  cooling. 
However,  probably  decisive  role  in  the  convection  pattern  formation  in  the  shallow 
level  magma  chambers  has  fluid  release  at  slow  degassing.  At  systematic  analysis 
from  the  classical  nucleation  theory  viewpoint  it  is  shown  that  homogeneous 
nucleation  of  fluid  bubbles  in  acid  melts  it  is  not  expected  at  the  initial  water  contents 
below  about  3  wt.%.  Problems  with  nucleation  lead  to  the  nonlinear  features  such  as 
degassing  fronts  as  found  in  the  experiments  on  the  decompression  of  granite  melt 
with  5.5  and  7  wt.%  of  initial  water  content.  Degassing  causes  crystallization  of  the 
melts  close  to  subliquidus  conditions  while  growth  of  solid  phase  facilitates 
heterogeneous  nucleation  of  bubbles.  Experimental  data  on  the  obsidian  and  ore 
bearing  Li-F  granite  melts  crystallization  at  decompression  are  presented.  It  is 
demonstrated  on  the  numerical  model  that  eoherent  motion  of  tluidhnd  crystal 
phases  at  degassing  in  the  narrow  top  zone  of  shallow  magma  chambers  can  pros  ide 
quasi-steady  state  convection  mode. 

Authors  greatly  appreciate  financial  support  of  RFBR  grant  #  96-05-64262 


TWO  STAGES  OF  SEPARATION  ORE-FORMING  MEDIUM 

R.N .Sobolev  (Petrological  Department,  Lomonosov  Moscow  State 
University,  Russia;  e-mail:  tisthek@geol.msu.ru) 

Investigations  inclusions  in  minerals  give  evidence  that  besides  glass  and 
fluid  inciusions  exist  yet  one  type  -  meit-brine  inclusions.  For  these  type 
are  typical;  high  concentration  of  fluids  and  ore-forming  elements  (up  to 
thousand  times  higher  than  in  acid  meit),  separation  from  melt  by  tem¬ 
peratures  higher  than  liquidus  and  stability  in  changing  PT  conditions. 
When  mclt-brine(s)  meet  underground  waters,  and  dilute  by  them,  it  pre¬ 
cipitates  most  part  of  ore  and  turns  into  classical  hydrothermal  solution 
with  iow  ore  elements  concentration.  Melt-brine  forms  by  separation  ini¬ 
tial  acid  magma  into:  secondary  acid  magma  and  meit-brine.  This  pro¬ 
cess  was  confirmed  by  laboratory  experiments.  So,  in  the  nature  exist 
two  types  of  hydrothermal  solutions:  1.  classical  hydrothermal  solutions 
generated  at  the  final  stage  of  acid  magma  differenciation;  these  solu¬ 
tions  can't  create  industrial  ore  deposits  and  2.  result  of  melt-brine  dilu¬ 
tion;  precipitation  ore  from  them  take  place  in  the  process  of  dilution. 
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SULFUR  CONTENT  OF  APATITE  TRACKING  MAGMA  DEGASSING: 
EVIDENCE  FROM  THE  YERINCTON  PORPHYRY  COPPER  BATHOLITH. 
NEVADA 

STRECK  Martin  J..  Depart^ment  de  Mineralogie,  UniversitiJ  de  Gen&ve,  121 1 
Geniive.  Switzerland,  mariin.streck@terre.unige.ch.  FAX:  +41  22  320  5732;  and 
DILLES,  John  H.,  Department  of  Geosciences.  Oregon  State  University.  Corvallis, 
OR  97331,  USA,  dillesj@bcc.orst.edu. 

Crystallization  during  cooling  of  the  -100  km-^  Luhr  Hill  granite,  the  last  intrusion 
ot  the  Yerington  batholith,  lead  to  saturation  in  magmatic  aqueous-chloride  fluids 
rich  in  alkalis,  metals,  and  sulfur  that  caused  porphyry  copper  mineralization.  The 
Luhr  Hill  now  contairis  14  to  49  ppm  sulfur,  but  lost  >1000  ppm  sulfur 
(S02»H2S)  to  the  hydrothermal  fluid  during  degassing.  Yerington  apatite  contains 
1.39-0.02  wt.^^  SO3,  between  0.84-0.0  wt.^  Cl,  and  are  lluorine-rich 
(F/(F+OH+C!)=0.6  to  l.O).  X-ray  maps  of  apatites  indicate  sulfur  zonation  typically 
with  high-S  cores,  often  with  concentric  zonation.  and  with  abrupt  transition  to  rims 
with  markedly -lower  S-content.  S-rich  apatite  cores  from  Yerington  have  SO3 
ranges  similar  to  apatites  from  anhydrite  {CaS04)-salurated  magmas  such  as  El 
Chichdn  and  Pinatubo.  crystallized  early  (<  157f  xls).  and  likely  predate  to  coincide 
with  initial  CaS04-saturation.  Low-S03  apatites  or  apatite  rims  record  the  reduced 
S03-carrying  capacity  of  the  melt  at  lower  temperature  and  higher  silica,  and  imply 
that  CaS04  was  crystallizing.  Low  Cl  ($  0.08  vvt.%)  and  decoupling  of  Cl  from 
SO3  {low  Cl-high  SO3  )  in  apatites  from  granites  evolving  ore  lluids  .suggest 
aqueous  fluid  saturation  and  that  SO3  solubility  in  these  fluids  was  small. 

Succe.ssive  extractions  of  magmatic  aqueous  fluids  may  have  completely  dissolved 
all  anhydrite  crystals  and  provided  batches  of  oxidized  sulfur  to  lluids. 


TRANSFER  STRUCTURES  AND  VOLCANIC  ACTIVITY  ALONG  THE 
TYRRHENIAN  MARGIN  OF  CENTRAL  ITALY 

V.  Acocella.  R.  Funiciello  &  F.  Salvini 

Dipartimento  Scienze  Geologiche  Roma  Tre.  acocella@uniroma3.it 

The  Tyntcnian  margin  of  the  central  Italian  peninsula  has  been  characterized  by 
Plio-Quatemary  extension,  mainly  occurred  through  NW-SE  normal  faults,  offset  by 
coeval  NE-SW  normal  and  oblique  transfer  faults.  A  sequence  of  Plio-Quatemary 
volcanoes  developed  along  the  margin,  in  correspondence  with  NE-SW  structures, 
suggesting  a  systematic  relationship.  The  largest  central  volcanoes,  often  showing 
caldera-like  depressions,  are  related  to  wide-spaced  NE-SW  faults.  At  the 
intersection  among  NW-SE  and  wide-spaced  NE-SW  systems,  extensional  stresses 
focus,  thinning  the  crust  and  enhancing  the  rise  of  magma.  Conversely,  smaller 
districts  (Amiata,  Tolfa,  Ccriti,  Emici)  only  display  fissural  eruptions,  connected  to 
narrow-spaced  NE-SW  transfer  systems.  In  order  to  study  the  relationship  between 
narrow-spaced  transfer  systems  and  fissural  volcanism,  analogue  and  numerical 
modelling  have  been  performed.  Analogue  sand-box  models  in  extensional  domains 
simulated  the  development  of  vertical  transfer  faults  linking  offset  normal  faults 
dipping  60®.  Analogue  models  confirm  that  NE-SW  systems  may  represent  transfer 
faults  of  NW-SE  normal  faults.  The  mechanical  model  shows  that,  due  to  the  least 
lithostatic  load,  vertical  faults  such  as  transfer  faults,  need  the  smallest  magmatic 
pressures  to  be  penetrated.  Vertical  faults  can  moreover  be  penetrated  at  greater 
depths,  tapping  the  potentially  more  primitive  magma.  The  mi^els  suggest  that  the 
location  and  the  structural  setting  of  volcanoes  on  the  Tyrrhenian  margin  are  related 
to  the  presence,  spacing  and  vertical  geometry  of  NE-SW  transfer  systems. 
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TEMPORAL  VARIATIONS  IN  GROUNDWATERS  RADON  CONTENT 
AND  GEOPHYSICAL  ACTIVITY  IN  CAMPI  FLEGREI  (SOUTHERN 
ITALY) 

R.  Avino  (1).  G.  Berrino  (21.  G.  Capaldi(l)  and  R.  Pece  (1) 
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5754239 

The  Campi  Flegrei  caldera  is  an  active  volcanic  complex,  located  west  of  Naples, 
presently  exhibiting  slow  vertical  ground  movements  known  as  ''bradyseism'’. 
Two  uplift  phases,  each  of  1.8  m,  affected  the  area  respectively  in  1970-1972  and 
1982-1984;  both  were  followed  by  slow  subsidence. 

Vertical  ground  movements  are  accompanied  by  horizontal  displacements, 
gravity  changes,  enhanced  seismic  activity  during  the  strong  uplifts  and  by 
variations  of  geochemical  parameters  in  groundwaters,  iumaroles  and  soil 
atmospheres. 

The  present  paper  takes  into  account  the  time  series  of  radon  (Rn)  content,  pH 
and  temperature  in  groundwaters,  ground  deformations  and  gravity  clianges 
covering  the  1982-1997  period.  It  is  particularly  focused  on  the  analysis  and 
interpretation  of  data  covering  the  subsidence  phase  (1985-1997)  following  the 
crisis.  Some  almost  contemporaneous  variations  and  other  interesting  signatures 
have  been  observed  in  both  the  geophysical  and  geochemical  behaviours..  The 
relationships  between  groundwater  features  and  geophysical  activity  have  ^cn 
ascertained  in  order  to  define  common  sources  and  mechanisms. 


SPACE-TIME  PATTERNS  OF  SEISMICITY  AND  STRESS-STRAIN 
PARAMETERS  AT  MT.  ETNA,  SICILY:  VOLCANIC  AND  TECTONIC 
IMPLICATIONS 
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The  local  shear-earthquakes  recorded  at  Mount  Etna  between  1990  and  1996  have 
been  analyzed  for  hypocenter  locations  and  fault-plane  solutions.  Related  stress  and 
strain  parameters  were  then  computed  by  the  Gephart-Forsyth  and  Kosirovj 
algorithms,  respectively.  Space-tjme  patterns  of  seismicity,  seismogenic  stress  and^ 
seismic  strain  over  the  whole  period  investigated  (which  includes  two  notable 
eruptive  phases  in  1991-93  and  1995-96)  have  been  analyzed  jointly  with  ground 
deformation,  gravimetric,  and  geologic  information  available.  The  findings  lead  us^ 
to  believe  that  seismicity  located  in  the  upper  crust  beneath  the  volcano  is  mostly 
associated  with  east-west  magma  hydraulic  pumping  in  ca.  norih-south-oriented^ 
uprise  structures,  and  closely  relates  to  inflation  phases  of  the  volcano  preceding 
eruptive  episodes.  It  is  notheworty  that  volcano  deflation  revealed  by  geodimetric 
and  lilt  data  during  the  1991-1993  major  eruption  was  not  accompanied  by  any 
significant  shear-type  shallow  earthquake.  In  the  intemiediate  and  lower  crust  (10- 
30  Km)  beneath  the  volcano,  the  regional-scale  tectonic  compression,  related  to  the 
Africa-Europe  north-south  slow  convergence,  appears  to  be  dominant  in  terms  of 
stress-strain  effects.  Finally,  some  analogies  between  the  results  of  the  present  study 
and  the  findings  of  similar  investigations  performed  in  other  areas  are  discussed. 


MODELLING  GRAVITY  VARIATIONS  CONSISTENT  WITH 
GROUND  DEFORMATION  IN  THE  CAMPI  FLEGREI 
CALDERA  (ITALY) 

M.  Bonafede  and  M.  Mazzanti  (Dipartimento  di  Fisica  -  Settore 
di  Geofisica,  Universita  di  Bologna,  Viale  Berti  Pichat  8,  4012T 
Bologna,  Italy) 

The  last  two  episodes  at  Campi  Flegrei  (1970-72  and  1982-84),  both 
characterized  by  significant  ground  uplift  and  gravity  variations, 
are  studied  employing  an  elastic  model  with  a  spherical  source  of 
deformation  applied  to  a  stratified  half-space.  The  contributions  to 
gravity  variations  produced  by  the  displacements  of  the  surface,  the 
subsurface  layers,  the  relative  volume  change  and  the  deformation 
source  at  four  different  stations  (Serapeo,  Solfatara,  Bagnoli  and 
La  Pietra)  were  computed.  These  contributions  and  the  measured 
(at  the  same  stations)  gravity  residuals  were  compared,  to  draw 
inferences  on  the  physic^  processes  responsible  for  the  deformation. 
Results  show  that  an  inflation  at  constant  mass  would  produce 
gravity  residuals  much  lower  than  observed,  so  that  this  deforma¬ 
tion  mechanism  can  be  safely  ruled  out.  An  inflation  source  at 
constant  density  would  predict  gravity  residuals  compatible  with 
observations,  even  if  the  resolving  power  of  gravity  data  prevents 
accurate  assessment  of  the  density  of  the  emplaced  material.  If  the 
geothermal  system  is  assumed  to  be  responsible  of  the  observed 
anomalies,  computed  residuals  become  compatible  with  measured 
values,  due  to  the  input  of  new  fluid  mass.  The  comparison 
between  two  stratified  models  reveals  that  gravity  anomalies  are 
not  significantly  sensitive  to  the  detailed  knowledge  of  the  density 
stratification. 


THERMO-VISCOELASTIC  MODELS  OF  THE  DEFORMATIONS 
AND  GRAVITY  CHANGES  DUE  TO  THE  MAGMATIC  BODIES 
OF  PRISMATIC  SHAPE 

L.  Brimich 

Geophysical  Institute  of  the  Slovak  Academy  of  Sciences 
geofbrimOsavba.sk/Fax:  -i-421/7/375278 

The  paper  presents  theoretical  formulae  for  the  calculation  of  the  stress  and  strain 
tensor  components  due  to  a  source  of  heat  of  prismatic  shape  embedded  in  the  vis¬ 
coelastic  hal&pace  (lithosphere)  of  the  Kelvin  type.  The  formulae  for  the  gravity 
perturbation  due  to  the  volume  dilatation  connected  with  thermo-viscoelastic  de¬ 
formations  is  derived  as  well.  Numerical  results  are  presented  in  the  graphs  which 
show  gradual  approaching  stress  and  strain  to  the  steady  state.  The  surface  thermo¬ 
viscoelastic  stresses  are  mrinly  of  tensile  type.  Their  values  are  well  comparable  with 
critical  stresses  required  to  cause  creep  or  fractures  of  the  surface.  The  displacement 
of  the  epicentral  region  causes  a  pronounced  dome. 


THEORY  AND  EXPERIMENTS  RELATED  TO  THE  SPREAD¬ 
ING  OF  SOLIDIFYING  MELTS 
M.  Bunk  and  P.  Ehrhard 

Forschungszentrum  Karlsruhe,  Institut  fur  Angewandte  Thermo-  und  Fluid- 
dynaznik,  Karlsruhe,  D-76021  Germany. 
p.^irhardOiatf  .fzk.de/Fax:  [49]  7247  82  4837 

The  plane  spreading  of  a  viscous  melt  on  a  horizontal  plate,  driven  by  grav¬ 
itational  forces,  for  isothermal  conditions  already  represents  a  problem  with 
a  free  liquid/gas  interface.  This  problem  has  been  treated  in  literature  both 
theoretically  and  experimentally.  If  the  plate  is  kept  at  a  temperature  below 
rite  solidification  temperature  of  the  melt,  we  expect  solidification  of  the  melt 
in  the  proximity  of  the  plate  and,  thus,  a  second  free  interface  (soUd/Uquid) 
mil  be  present  in  the  problem. 

Firstly,  we  discuss  a  set  of  experiments  conducted  with  both  high  and  low 
Prandtl  number  melts,  namely  Canauba  wax  and  a  low-melting  metallic  alloy. 
Secondly,  we  develop  models  for  the  theoretical  treatment  of  solidifying  spread¬ 
ing  flows  for  the  limiting  case  of  large  Peclet  numbers. 

Thirdly,  a  carefull  comparison  of  the  experimental  observations  and  the  theo¬ 
retical  results  is  conducted. 


USE  OF  EARTHQUAKES  AND  DEFORMATIONS  AS  REMOTE 
STRESS-METERS 

V,  Cayol  (1),  J.  Dieterich  (1)  and  P.  Okubo  (2) 

(1)  U.S.G.S.,  Menlo  Park,  U.S.A.,  (2)  U.S.G.S.,  Haw.  Vole.  Obser.,  U.S.A. 
cayolCipgp.ju8sleu.fr/Fax:  (33)- 1-44-27-48-94 

We  investigate  the  relationship  between  intrusive  events,  ground  deformation, 
and  seismicity  at  Kilauea,  Hawaii.  The  beginning  of  the  1983  Kilauea  erup¬ 
tion  was  associated  with  a  2.1  meter  fissure  opening  in  the  east  rift-zone  and  a 
significant  spatially-varying  change  of  the  south-flank  seismicity.  A  general  con¬ 
stitutive  formulation  [Dieterich,  1994]  for  earthquake  occurrence  is  employed 
to  invert  changes  of  earthquake  rates  for  Coulomb  stress  changes.  An  indepen¬ 
dent  determination  of  the  coulomb  stress  changes  is  obtained  by  a  3D  boundary 
element  modeling  of  the  ground  surface  deformations.  In  this  model,  magma  is 
emplaced  in  a  dike-like  vertical  reservoir  coupled  with  a  freely  sliding  low-angle 
thrust  fault.  We  find  that  the  Coulomb  stresses  determined  from  seismicity  cor¬ 
relate  with  an  eruption  process  where  a  vertical  dike  propagated  to  the  ground 
surface.  A  dike  overpressure  of  3MPa  is  determined  for  the  eruption.  The  com¬ 
parison  between  stresses  determined  by  these  two  methods  also  helps  defining 
the  geometry  of  the  south  flank.  This  study  demonstrates  that  the  earthquake 
rates  can  be  used  quantitatively  to  determine  stress  changes  associated  to  vol¬ 
canic  or  seismic  events.  It  also  shows  that  the  two  types  of  inversion  can  be 
used  complementarily  to  determine  the  stress  sources:  seismicity  brings  an  in¬ 
formation  from  the  inside  of  the  study  volume  whereas  deformations  give  a 
precise  information  at  the  surface. 
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CRUSTAL  STRUCTURE  AND  UNREST  EPISODES  AT  THE  AL¬ 
BAN  HILLS  VOLCANO,  CENTRAL  ITALY 
C.  Chiarabba  (1),  A.  Amato  (1)  and  P.T.  Delaney  (2) 

(1)  1st.  Naz.  Geofisica,  Rome,  Italy,  (2)  U.S.  Geol.  Survey,  Flagstaff,  Arizona. 
chiarabba0ing7B0.ingrm.it/Fax:  [39]  6-51860410 

The  Alban  Hills,  a  Quaternary  volcano  lying  20  km  SE  of  Rome,  last  erupted 
19  ka  and  has  produced  about  290  km^  of  eruptive  deposits  since  580  ka.  Mod¬ 
ern  observations  show  that  intermittent  swarm  activity  originates  primarily 
beneath  the  youngest  phreatomagmatic  craters.  Results  from  seismic  tomogra¬ 
phy  allow  identification  of  a  low-velocity  region,  perhaps  still  hot  or  partially 
molten,  more  than  6  km  beneath  the  youngest  craters  and  a  high-velocity  re¬ 
gion,  probably  a  solidified  magma  body,  beneath  the  older  central  volcanic 
construct.  Thirty  centimeters  of  uplift  measured  by  releveling  supports  the 
contention  that  high  levels  of  seismicity  during  the  1980s  and  1990s  resulted 
from  accumulation  of  magma  beneath  these  craters.  The  volume  of  magma 
accumulation  and  the  location  and  amount  of  maximum  uplift  was  probably 
at  least  40  x  10*  m®  and  40  cm.  Older  levelings  completed  in  1891  and  1927 
suggest  earlier  episodes  of  uplift.  The  magma  chamber  beneath  the  western 
Alban  Hills  is  probably  responsible  for  much  of  the  last  200  ka  of  activity,  is 
still  receiving  intermittent  batches  of  magma,  and  is,  therefore,  continuing  to 
generate  modest  levels  of  volcanic  unrest.  Bending  of  overburden  is  the  most 
likely  cause  of  seismicity,  which  have  hypocenters  above  the  6-km-deep  top  of 
the  magma  reservoir.  In  this  view,  the  most  recent  uplift  and  seismicity  are 
probably  characteristic  and  not  precursors  of  more  intense  activity. 


AN  EMPIRICAL  GREEN  FUNCTION  APPROACH  TO  STUDY 
THE  RUPTURE  OF  FLUID-INDUCED  MICRO-EARTHQUAKES 

T.  Dahm 

Inst.  f.  Meteor.  8:  Geophysik  Uni  Frankfurt,  dahm@geophysik.uni-frankfurt.de. 

The  inversion  method  finds  the  best  rupture  model  to  explain  directivity  ef¬ 
fects  in  P-  and  S-phases.  We  approximate  the  integral  in  the  moment  tensor 
representation  using  a  sum  over  spatial  and  temporal  centroids  radiating  at 
times  calculated  from  the  rupture  models  tested.  The  about  40  centroids  used 
restrict  the  method  to  wavelengths  larger  that  1/6  of  the  maximal  dimension 
of  the  fault  plane.  To  ensure  an  overdetermined  Inversion  problem  and  a  good 
resolution  we  estimate  only  five  source  parameters;  2  fault  dimensions,  rup¬ 
ture  duration,  source  strength  and  rupture  direction.  Two  models  are  tested; 
uniform  rupture  on  an  elliptical  fault  and  unidirectional  rupture  on  a  rectan¬ 
gular  fault.  Tension  as  well  as  shear  faults  can  be  handled.  Additional,  to  the 
separation  between  both  models  we  distinguish  between  rupture  and  auxiliary' 
plane.  We  use  the  seismograms  of  an  observed  small  event  with  similar  source 
mechanism  as  the  studied  event  as  empirical  Green  functions.  Thus  sensor  site 
effects  and  sensor  characteristics  are  unimportant. 

We  test  the  method  on  synthetic  waveforms  and  on  hydraulic  induced  micro¬ 
cracks  in  salt  recorded  with  8  piezo  sensors.  The  physical  mechanisms  leading 
to  induced  seismicity  during  hydraulic  fracture  experiments  are  expected  to  be 
similar  to  the  ones  during  magma-dike  injections  in  volcanic  areas.  The  preli¬ 
minary  results  indicate,  besides  the  small  extension  of  the  cracks  (20 -40mm), 
that  the  rupture  velocity  is  small  compared  to  pure  tectonic  earthquakes. 


THE  BROADVES  SEISMIC  EXPERIMENT:  FIRST  RESULTS  ON 
THE  LITHOSPHERIC  STRUCTURE  BENEATH  THE  CAMPA¬ 
NIAN  REGION  AROUND  THE  VESUVIUS  VOLCANO 

P.  De  Gori  (1,4),  R.  Azzara  (1),  E.  Bertrand  (2),  P.  Capuano  (3),  C. 
Chiarabba  (1),  M.G.  Ciaccio  (1),  G.B.  Cimini  (1),  G.  de  Natale  (3),  A.  De- 
schamps  (2),  C.  Godano  (3),  J.  Taylor  (3)  and  C.  Troise  (3) 

(1)  ING,  Rome,  Italy,  (2)  CNRS/UNSA,  Valbonne,  France,  (3)  Osservatorio 
Vesuviano,  Napoli,  Italy,  (4)  Universita  degli  Studi  di  Pavia,  Italy. 

During  the  summers  of  1996  and  1997  two  temporary  arrays  of  broad  band 
seismic  stations  were  installed  in  the  Campanian  region  around  the  Vesuvius 
volcano.  The  aims  of  this  experiment  (BROADVES)  are  to  study  the  structure 
beneath  this  sector  of  the  Southern  Italy,  and  to  analyse,  for  the  first  time  using 
broad  baind  instruments,  local  seismicity.  The  results  of  this  experiment  should 
give  unique  informations  about  the  substructure  of  the  Campanian  volcanoes 
and,  more  specifically,  about  the  mechanisms  of  local  seismicity  at  Vesuvius, 
discriminating  between  volcano-tectonic  earthquakes  and  low  frequency,  fluid- 
induced  events.  Each  array  was  composed  by  7  continuously  recording  Reftek 
digital  seismic  stations,  equipped  with  3  component  broad  band  sensors  (CMG- 
40T;  20  s;  CMG-3T:  100  s  or  360  s).We  present  the  results  of  a  teleseismic  to¬ 
mographic  inversion  for  the  P-wave  velocity  structure  beneath  the  volcanic  area 
and  the  surrounding  Apenninic  chain,  carried  out  merging  the  data  collected 
from  the  bro2id  band  arrays  with  the  data  recorded  by  the  Italian  Seismic  Net¬ 
work.  Furthemore,  we  present  some  preliminary  results  on  the  Moho  geometry 
derived  by  the  application  of  the  receiver  function  technique. 


LARGE  SCALE  RESISTIVITY  IMAGING  AT  MERAPI  VOLCANO 

S.  Friedel,  F.  Jacobs ,  University  of  Leipzig 
email:  friedel@rz.uni-leipzig.de 
hitp://ghp7 12.geo.uni-leipzig.de/~geosf/merapi 

Resistivity  of  geological  structures  is  mainly  controlled  by  their  porosity,  the 
resistivity  of  the  fluids  contained  in  them,  and  temperature.  Highly  porous  rocks, 
extremely  dry  or  saturated  with  ionic  hydrothermal  fluids,  high  temperature  contrasts 
as  well  as  good  conductivity  of  alteration  minerals  make  resistivity  an  extraordinarily 
informative  quantity  for  structural  investigation  of  active  volcanoes.  However,  poorly 
accessible  terrain  and  poor  grounding  conditions  complicate  the  application  of 
conventional  resistivity  technology  on  volcanoes  and  require  a  special  design  of  field 
equipment,  data  enhancement,  modelling,  and  inversion  strategies.  The  paper  presents 
the  results  and  the  technology  of  a  dipole-dipole  resistivity  survey  of  nearly  3  km 
length  and  a  depth  of  investigation  of  more  than  800  m,  set  out  radially  along  the  west 
flank  of  Merapi  volcano,  Indonesia,  between  1300  m  and  2000  m  above  sea  level. 
The  resulting  pseudosection  shows  a  2D  vertical  slice  through  the  resistivity 
distribution  reaching  through  a  high-resistivity  layer  of  unsaturated  pyroclastica  (rho 
>  1000  ohmm)  into  an  extremely  low-resistivity,  presumably  hydrothermal,  zone  ( rho 
<  50  ohmm).  The  combination  of  a  robust,  portable,  light-weight  DC-transmitler 
especially  designed  for  poorly  accessible  volcanic  terrain  and  24-bil  data  receiver 
technology  (RefTek)  represent  an  efficient  method  of  data  acquisition.  Selective  signal 
stacking  and  other  signal  enhancement  procedures  allow  higher  spatial  resolution  and 
greater  depths  of  investigation.  Cross-flank  volcano  resistivity  monitoring  will  be 
discussed. 


A  MECHANICAL-THERMALFLUID-DYNAMICAL  MODEL 
FOR  CAMPI  FLEGREI  UNREST  EPISODES:  POSSIBLE  EVO¬ 
LUTION  TOWARDS  CRITICAL  PHENOMENA. 

F.S.  Gaetti  (L2),  C.  Troise  (4,.S).  G.  De  Natale,  ,  G.  Maatrolorenzo,  ,  F. 
Pinfpie  .(4),  F.  Peluso,  D.  Castagnolo  (1)  and  D.G.  Mita.  (2,3) 

(1)  MARS  Center,  via  Comunale  Tavernola,  80144  Naples  -  Italy,  (2)  IIGB  of 
CNR,  viaG.  Marconi  10,  80125  Naples  -  Italy  ,  (3)  Institute  of  human  physiol¬ 
ogy,  11  University  of  Naples  -  Italy.,  (4)  Osservatorio  Vesuviano,  via  A.  Manzoni 
240,  80123  Naples  -  It Jy  ,  (5)  Dept.  Of  Geophys,  and  Volcanol..  Federico  II 
University,  Naples  -  Italy  . 
folcoeosva.vmiQa.it/Fax:  39]  81  5754  239 

We  develop  a  model  for  describing  water  flow  in  a  porous  medium  under  the  ef¬ 
fect  of  thermal  and  pressure  gradients.  The  mode]  simulates  geothermal  systems 
in  calderas.  Given  the  boundary  conditions  and  the  fluidodynamicsl  properties 
of  the  medium,  the  model  allows  to  compute,  in  stationary  states,  parameters 
characterising  the  flow,  i.e.,  flow  velocity,  temperature  and  pressure  distribu¬ 
tions  at  depth,  etc.  The  model  is  applied  to  investigate  the  effects  of  the  local 
geothermal  system  on  the  unrest  episodes  at  Cainpi  Flegrei  caldera.  Using  ex¬ 
perimentally  determined  fluidodynamic  parameters  for  the  caldera  rocks,  it  is 
shown  that  changes  of  water  flow  in  shallow  aquifers,  under  the  effect  of  a 
pressure  and/or  temperature  variations  within  of  geothermal  system  can  be 
very  important  in  the  genesis  and  evolution  of  unrest  crises.  In  particular,  they 
can  strongly  amplify  the  effect  of  pressure  increase  in  the  magma  chamber  on 
ground  uplift.  They  can  also  explain  the  time  scales  of  evolution  of  ground 
movements,  in  terms  of  transit  times  of  the  water  front  and  of  the  connected 
temperature  fronts  due  to  advective  transport  .  The  validity  of  the  approxi¬ 
mations  used  in  the  monodimensional  model,  as  well  as  the  main  evidences  for 
dominant  convective  transport  are  discussed.  On  such  grounds  an  integrated 
mechanic-thermalfluid-dynamica!  model  is  built,  explaining  the  Campi  Flegrei 
unrests. 


A  NEW  TYPE  OF  SUl.PHiOE  ORE  DEPOSIT  IN  TllC  ITELD  OF  IGMIMBRITE 
VOLGAMIO  ACTIVITY  ABOVE  THE  SUSDIJO  TION  SOME 
V.  Gugushvil  i 

Institute  of  OeoIogy.GDOigiitn  Acnd.of  Science  M.AIeksidze  st.l  b,9  38009.? 
Tbilisi, GEORGIA;  zkuteliii@iberiapsc.gc 

It  is  well  known,  that  in  the  Ignimbrite  volcanic  activity  ticlils  the  Kuroko  type 
sulphide  deposits  are  mnnlfested.  The  latter  are  developed  in  extentlonni  regime  in 
island  arcs  above  subductioii  zones  .The  dqio.siis  occur  within  collapsed 
suhmmarinc  calderas,  after  completing  of  the  cycle  of  the  ignimbrite  activity,  and 
arc  related  to  postcollapsc  extrusions  ofthuryolitlc  domes,  in  the  l.esser  Caucasus, 
in  the  Bolnisi  ore  disrict  in  the  Upper  cretaceous  ignimbrite  fields,  within  collapsed 
calderas  two  signif  leant  nonfenous  and  copper-pyrile  deposits  occur.  The 
geological  and  geo-chronologicai  investigations  let  ns  as  .same,  that  these  deposits 
could  not  belong  to  Kuroko  type,  because  ore  generation  processes  procureded 
before  the  ignimbrite  ejection  and  before  caldera  collapse,  The  origin  of  tliese  ore 
bodies  took  plase  during  the  tuinicsent  stage,  when  llic  fclsic  magma  intnided  and 
formed  magmatic  cltambers.thai  conditioned  succeeding  ignimbrite  activity.  These 
intrusives  were  the  source  of  ore  solutions  for  the  deposits.  W,  E.  Elslone  (1992)  and 
l.Rytila(I992)  described  tunii.scem  ore  manifestation  outside  the  cttldern  borders. 
The  Madneuli  and  Tsileli  Sopeli  deposits  represent  tlie  only  tnmisceni  economically 
sigTilfleant  deposits  described  wirtiui  caldera  structmes.  Thus,  we  propose  to 
distingwish  such  type  of  depo.sil  as  Bolnisi  type  deposit. 
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EFFECTS  OF  STRESS  FIELDS  ON  THE  INTRUSION  AND 
EXTRUSION  FREQUENCIES  OF  CENTRAL  VOLCANOES 

Agust  Gudmundsson 

Geological  Institute,  University  of  Bergen,  N-5007  Bergen,  Norway 
agust.gudinundsson@geol.uib.no 

In  rift-zone  central  volcanoes  in  Iceland,  eruptions  are  frequent 
(typically  one  every  several  hundred  years),  of  small  volume 
(normally  less  than  0. 1  km’)  and  mainly  fed  by  thin  (average  thickness 
0.5  m)  inclined  sheets.  In  the  rift  zone  outside  central  volcanoes, 
eruptions  are  rare  (typically  one  every  several  thousand  years)  but  of 
large  volume  (typically  more  than  1  km’)  and  mainly  fed  by  thick 
(average  thickness  4-5  m)  subvertical  dykes.  Boundary-element 
studies  of  magma  chambers  indicate  that  these  empirical  relations,  as 
well  as  the  formation  of  specific  central  volcanoes  in  the  rift  zone,  can 
be  explained  by  the  stress  fields  around  the  chambers.  Tensile  stress 
concentration  around  the  shallow  source  chamber  of  a  central  volcano 
leads  to  the  segment  containing  the  chamber  rupturing,  and  the  central 
volcano  erupting,  much  more  frequently,  but  with  smaller  intrusive 
and  extrusive  volumes,  than  the  surrounding  parts  of  the  rift  zone. 


SLOW  ROCK  FRACTURE  AS  AN  ERUPTION  PRECURSOR  AT 
SOUFRIERE  HILLS  VOLCANO,  MONTSERRAT 

C.R.J.  Kilbum  (1),  and  B.  Voight  (2) 

(1)  Greig  Fester  Centre  for  Hazard  Research,  Department  of  Geological  Sciences, 
University  College  London,  Gower  Street,  London  WCIE  6BT,  G.B., 

(2)  Department  of  Geosciences,  The  Pennsylvania  State  University,  503  Deike 
Building,  University  Park,  PA  16802,  U.S.A.  c.kilbum@ucl.ac.uk/Tel  &  Fax: 
+44-171,4193449. 

The  onset  of  magmatic  activity  at  Soufriere  Hills  volcano,  Montserrat,  was  preceded 
by  a  tenfold  increase  in  rates  of  seismic  event.  A  new  model  of  subcritical  rock 
failure  shows  that  the  increase  b  consistent  with  the  episodic  growth  of  the  feeding 
conduit  at  a  rate  controlied  by  progressive  rock  weakening.  The  preferred  weakening 
mechanism  is  stress  coiiosion,  for  which  circulating  fluids  chemically  attack  the 
country  rock  and  promote  failure  at  stresses  smaller  than  the  rock’s  notional  bulk 
strength.  Episodic  failure  may  result  from  heterogeneities  in  bulk  rock  resistance  or 
from  variations  in  effective  resistance  due  to  the  formation  and  feilure  of  a  damage 
zone  ahead  of  the  main  feeder.  Combined  with  traditional  seismic  monitoring 
techniques,  the  results  highlight  the  potential  of  slow-cracking  models  for  improving 
eruption  forecasts. 


PHYSICAL  SOURCE  MODELS  FOR  HARMONIC  TREMOR 
M  Hellweg  (1) 

(1)  Institut  f.  Geophysik,  Universitdt  Stuttgart,  Germany,  e-mail:  100632.2235@ 
compuserve.com 

For  over  18  hours,  the  tremor  at  Lascar  volcano,  Chile,  was  characterized  by  a 
harmonic  spectrum  with  narrow  peaks  at  a  fundamental  fteqency  of  about  0.63  Hz  and 
up  to  30  overtones  at  exact  integer  multiples.  Fluid  dynamics  offers  at  least  three 
physical  source  models  for  this  harmonic  tremor,  which  produce  repetitive, 
nonsinusoidal  waveforms:  The  release  of  gas  through  a  very  small  outlet  (the  soda 
bottle  model),  slug  flow  in  a  narrow  conduit,  and  eddy  shedding  at  obstacles  or 
comers.  These  models  represent  different  flow  regimes,  each  with  its  own 
characteristic  range  of  Reynolds  numbers.  For  each  model  the  fundamental  frequency 
of  the  tremor  is  related  to  the  Reynolds  number  for  the  flow.  Combining  the  Reynolds 
numbers  for  each  model  with  typical  kinematic  viscosities  for  the  possible  volcanic 
fluids  -  magma,  water,  steam,  air  or  some  combination,  at  appropriate  temperamres 
and  pressures  -  provides  limits  on  such  physical  parameters  of  the  volcano  as  the 
dimensions  of  the  flow  conduit  and  the  flow  velocity  of  the  fluid  generating  the 
tremor.  All  three  models  imply  that  the  tremor  is  generated  by  the  movement  of  steam 
or  water  near  the  surfrtce. 


NUMERICAL  MODELING  OF  MAGMA  WITHDRAWAL  FROM 
COMPOSITIONALLY  STRATIFIED  MAGMA  CHAMBERS 
G.  Macedonio  (1),  A.  Longo  (2)  and  E.  Ciatti  (2) 

(1)  CNR-Centro  Geologia  Strutturale,  Via  S.Maria,  53  1-56126  Pisa  (Italy), 
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Magma  withdrawal  from  a  compositionally  stratified  magma  chamber  is  inves¬ 
tigated  using  a  physical  model  based  on  the  mass,  momentum,  enthalpy  and 
composition  equations  for  an  incompressible  fluid  with  newtonian  rheology. 
Magma  viscosity  and  density  are  functions  of  temperature,  composition  and 
crystal  content  and  are  computed  using  the  program  MELTS  (Ghiorso  et  al., 
1994).  The  small  density  variations  are  accounted  for  through  the  Boussinesq 
approximation.  Equations  are  solved  in  a  two-dimensional  domain  adopting  the 
Finite  Element  Method.  The  chamber  is  initially  filled  of  two  layers  of  magma 
with  different  composition  and  temperature.  During  the  eruption,  new  magma 
enters  from  an  inlet  at  the  bottom  of  the  chamber,  while  the  resident  magma  is 
allowed  to  exit  through  a  conduit  located  at  the  top.  Different  inlet  geometries 
and  mass  flow  rates  are  investigated  in  order  to  study  magma  mixing  and  the 
temporal  variation  of  the  composition  of  the  erupted  products.  The  chamber 
dimensions  and  the  physical  properties  of  the  magma  are  prescribed  similar  to 
the  pre-eruptive  conditions  of  the  79  AD  Vesuvius  eruption. 


MAYON  VOLCANO;  PHILIPPINES: 
MODELIZATION  OF  STRESS  BALANCE 


Comparative  study  of  pyroclastic  deposits  in  Camp!  Flegrei  (Southern 
Italy):  evidences  of  recurrent  eruptive  and  depositlonal  mechanisms. 
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Mayon  volcano  is  part  of  the  Bicol  Volcanic  Chain,  a  peninsula  in  the  south¬ 
east  of  Luzon  island.  The  eruptive  history  during  this  century  shows  a  nearly 
periodic  behaviour:  The  volcano  erupted  almost  every  ten  years. 

During  the  last  two  eruptions  indications  for  tidal  triggering  of  activities  were 
found.  The  pressure  increase  in  the  vent  due  to  vesiculation  was  modelled 
assuming  a  temperature  decrease  of  2°C  per  year.  The  results  were  compared 
with  the  stress  provided  by  the  tidal  forces  (body  tides  and  ocean  tidal  loading). 
It  turns  out  that  during  a  period  of  several  days  the  small  tidal  forces  may  affect 
the  stress  balance  considerably  if  the  volcano  is  already  in  a  critical  state. 


Giucepp*  MASTROLORENZO  and  Guido  D'ALESSIO 
Ossarvatorio  Vesuvlano.  Via  Manzonl  249, 80123  Napoli  Italy. 
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The  intra-caldaric  explosive  activity  of  Camp!  Flegrei  produced  tens  of 
mono-genetic  volcanoes.  A  comparative  analysis  of  the  most  representativs 
deposits  suggests  that  the  empthre  and  deposKlonal  conditions  of  the  dKIhrent 
deposits  were  recurrent.  Several  evidences  Indicate  a  common  explosive 
magmatic  background  of  most  deposits  types  modulated  by  different  degree 
of  Interation  with  shallow  water  in  determined  the  style  of  empflon.  The 
abundance  of  fresh,  completely  vesiculated  fragments  also  in 
phreatomagmatic  deposits  as  well  as  the  presence  of  different  order  of 
vesicles  and  coalescence  indicate  that  the  fragmentation  took  place  only  in 
the  very  final  stage  of  magma  ascent  and  vesiculation.  The  relations  between 
vesicle  walls  and  broken  surface  of  the  clasts  suggest  that  magmatic  and 
hydromagmatic  fragmentation  both  occurred  after  a  near  complete  magma 
vesiculation.  According  to  these  evidences  and  considerations  a  general  two 
stage  model  of  the  Intracalderic,  explosive  activity  forming  the  monogeneiic 
volranoes  in  Campi  Flegrei  consists  of :  a)  rapid  magma  r^  fbr  high  bubble 
growth  rate  at  low  confinig  pressure  in  a  shallow  magma  reservoir;  b) 
continuous  or  pulsating  magma  water  interaction  possiNy  due  to  local 
decompression  or  ooduit  instabflities  that  allowed  and  avoided  access  of 
water  to  the  conduit. 
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MULTIPHASE  FLOW  MODELING  AND  SIMULATION  OF  EX¬ 
PLOSIVE  VOLCANIC  PROCESSES 

A.  Neri  (1,2),  G.  Macedonio  (1)  and  D.  Gidaspow  (2) 

(1)  CNR-Centro  Geologia  Strutturale,  Pisa,  1-56126  Italy,  (2)  Illinois  Institute 
of  Technology,  Chicago,  60616  Illinois. 
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Almost  15  years  ago,  the  recognition  of  the  multiphase  nature  of  many  eruptive 
processes  opened  a  new  research  field  in  volcanology.  This  approach  is  based  on 
the  extension  of  the  fundamental  Navier-Stokes  continuum  mechanics  equations 
to  a  multiphase  and  multicomponent  mixture.  According  to  this  theory,  differ¬ 
ent  phases  are  treated  as  interpenetrating  continua  and  the  mass,  momentum, 
and  energy  interphase  transport  terms  are  explicitly  accounted  for  in  the  con¬ 
servation  equations.  Constitutive  equations  of  the  dispersed  particulate  phases 
can  be  based  on  semi-empirical  correlations  calibrated  by  lab  experiments  as 
well  as  on  the  recently  invented  concept  of  granular  temperature  deriving  from 
the  extension  of  the  dense  phase  kinetic  theory  of  gases  to  particulate  flows. 
Such  a  new  variable  allows  the  description  of  critical  flow  properties,  such  as 
solids  pressure  and  viscosity,  in  terms  of  first  principles.  Different  types  of  ex¬ 
plosive  volcanic  events,  such  as  collapsing  columns,  pyroclastic  flows,  dome  and 
phreatic  explosions  have  been  simulated  by  multidimensional  physical  models 
based  on  the  presented  multiphase  flow  theories.  Results  highlight  relevant  me¬ 
chanical  and  thermal  non-equilibrium  effects  between  the  different  phases  of 
the  mixture  that  can  affect  the  large-scale  dynamics  of  the  explosive  process. 


COSEISMIC  DISPLACEMENTS  AND  CREEPING  ALONG  THE 
PERNICANA  FAULT  (ETNA,  ITALY)  IN  THE  LAST  SEVEN¬ 
TEEN  YEARS:  A  DETAILED  STUDY  OF  A  TECTONIC  STRUC¬ 
TURE  ON  A  VOLCANO 

F.  Obriazo,  F.  Pingue,  C.  'Doise  and  G.  De  Natale 
Osservatorio  Vesuviano,  Naples,  Italy. 
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The  Pernicana  fault  is  a  well  evident  tectonic  fault  located  on  Mt.  Etna  (Sicily). 
Movements  across  this  structure  have  been  monitored,  in  the  last  seventeen 
years,  by  a  levelling  network  owned  by  Osservatorio  Vesuviano.  During  the 
monitoring  period,  the  network  has  recorded  coseismic  displacements  associ¬ 
ated  to  earthquakes  of  magnitude  4  to  5,  as  well  as  displacements  not  related 
to  earthquakes.  We  present  a  detailed  study  of  the  displacement  data,  aimed  to 
model  the  geometry  and  mechanism  of  this  fault,  as  well  as  the  size  and  mech- 
anisnis  of  individual  earthquakes.  The  total  recorded  displacements  during  the 
last  seventeen  years  ate  well  interpreted  by  a  single,  homogeneous  rectangu¬ 
lar  normal  fault,  with  dislocation  and  size  corresponding  to  a  magnitude  5.7 
earthquake,  thus  revealing  an  intense  dynamics  along  such  a  fault.  The  het¬ 
erogeneous  slip  distribution  associated  to  the  two  largest  earthquakes  has  been 
also  inferred  from  coseismic  displacement  data.  Seismic  moments  of  such  earth¬ 
quakes  turn  out  to  be  considerable  higher  than  reported  in  seismic  bulletins 
(about  I  degree  of  magnitude).  The  results  obtained  here  evidence  the  high 
potential  of  levelling  data  in  the  detailed  study  of  a  rather  peculiar  kind  of 
tectonic  structure  on  a  volcano. 


PRELIMINARY  RESULTS  FROM  A  BROADBAND  SEISMIC 
EXPERIMENT  AT  STROMBOLI  VOLCANO,  ITALY. 
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During  September-October  1997  a  joint  Italy-US  team  conducted  a  large-scale 
broadband  seismic  experiment  to  investigate  the  long-period  signals  associated  with 
the  ongoing  explosive  activity  at  Stromboli  volcano,  Italy.  21  three-component,  60-s 
Guralp  CMG-40T  sensors  were  deployed  in  three  circular  patterns  surrounding  the 
active  craters  at  altimdes  of  about  100,  500  and  750  m.  During  four  separate  days  of 
data  acquisition,  we  recorded  continuosly  7  to  24-hour-long  intervals  of  volcanic 
signals,  thus  obtaining  the  most  detailed  broad-band  data  set  ever  collected  on  an 
active  volcano.  Preliminary  results  fiom  analyses  of  selected  waveforms  in  the  2-50 
s  period  range  show  the  existence  of  at  least  two  distinct  sources  repetitively  acting 
in  time.  Polarization  vectors  inversion  clearly  indicate  that  both  sources  are 
constrained  within  a  shallow  volume  located  N-NW  beneath  the  active  vents. 
Ground  motion  observed  prior  and  during  the  summit  explosions  is  consistent  with 
an  inflation  followed  by  a  rapid  deflation  of  the  shallow  plumbing  system.  Future 
goals  to  be  attained  include  Green's  functions  calculation  using  a  3-D  finite 
difference  approach  and  inversion  of  waveforms  for  moment  tensor  analysis. 


VISCOUS  FLOW  IN  A  CHANNEL:  APPLICATION  TO  LAVA  FLOWS 
A.  Tallarico  (1)  and  M.  Dragoni  (2) 
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We  propose  a  3D  model  describing  a  channeled  lava  flow  in  the  proximity  of  the 
eruption  vent.  We  describe  the  lava  as  an  isothermal  Newtonian  liquid  flowing  in  a 
rectangular  channel  down  a  constant  slope.  The  flow  velocity  is  calculated  by  an 
analytical  steady-state  solution  of  the  Navier-Stokes  equation.  The  surface  velocity 
and  the  flow  rate  are  calculated  as  a  functions  of  the  flow  thickness  for  different  flow 
widths  and  the  results  are  compared  with  those  of  a  2D  model;  it  appears,  for  a  typical 
Etna's  lava  flow,  that  the  influence  of  the  levees  on  the  flow  dynamics  is  not  negligible 
when  the  flow  width  is  less  than  25  meters.  The  model  predicts  the  volume  flow  rate 
corresponding  to  the  surface  velocity  taking  into  account  that  both  depend  on  the  flow 
thickness.  We  propose  a  model  for  the  evaluation  of  the  effusion  rate  by  knowing  the 
lava  flow  width,  the  slope  of  the  topography,  the  lava  density,  the  surface  flow 
velocity  and  either  the  lava  viscosity  or  the  flow  thickness. 


NUMERICAL  MODELING  OF  MAGMA  ASCENT  ALONG  VOL¬ 
CANIC  CONDUITS 

P.  Papale 
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The  steady,  one-dimensional,  multiphase  non-equilibrium  ascent  of  magma 
along  the  volcanic  conduit  during  explosive  eruptions  is  numerically  simulated 
by  thermofluid  dynamic  modeling.  The  relevant  magma  properties  (gas  solu¬ 
bility,  density,  viscosity)  are  allowed  to  change  along  the  conduit  due  to  mass 
transfer  between  the  phases,  and  are  calculated  on  the  basis  of  the  chamical 
composition  of  magma  in  terms  of  ten  major  oxides  plus  dissolved  volatiles  and 
of  an  equation  of  state  for  the  real  behavior  of  the  gas  phase.  The  model  ac¬ 
counts  for  the  presence  of  water  and  carbon  dioxide  exsolving  from  the  liquid, 
and  is  based  on  the  coupling  between  fluid  dynamics  and  the  most  advanced 
models  for  the  magma  properties.  Magma  fragmentation  is  assumed  to  occur 
at  either  a  critical  value  of  the  gas  volume  fraction,  or  at  a  level  in  the  conduit 
where  the  elongational  strain  rate  overcomes  the  critical  strain  rate  imposed  by 
the  magma  structural  relaxation  time.  The  model  reveals  many  features  of  the 
magma  ascent  dynamics  in  explosive  eruptions,  and  can  be  used  to  investigate 
the  role  of  the  different  parameters  involved  in  the  ascent  process,  or  to  forecast 
the  volcanic  hazard  by  defining  the  conduit  exit  conditions  for  a  given  set  of 
initial  (magma  chamber)  conditions. 


Seismic  ictivhy  at  the  Solfatara  crater  (Camp!  Flegrel  caldera)  show.<i 
diffierent  smirccs  mixing  of  fumarolic  fluids  and  possible  parameters  to 
Ibrecaat  the  ocenmnee  of  new  earthquakes. 
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Here  wo  describe  temporal  variations  of  noble  gas  and  carbon  isotopes  and  chemical 
data  of  fluids  collected  fiom  1990  to  1994  at  the  Bocca  Grande  funuurole  (Sd&tata 
crater),  before  the  occurrenoc  of  a  seismic  swarm.  After  mote  than  seven  years  of 
qulesoencc:  a  sudden  vertical  ground  deformation  and  a  seismic  swarm  of  100  quakes 
Mih  a  Minax>1.5  with  epicenter  located  beneath  the  Sol&tara  crater,  were  recorded 
flora  August  23  to  25  1994.  Isotopic  composition  of  He,  Ne.  Ar  and  C  (from  C02)  and 
chemical  ooniposition  of  He,  Ne,  Ar,  H2.  CH4  and  N2  liavc  been  analysed  from 
fiunarolic  fluids  To  date  these  isotopic  ratios  have  not  been  used  as  precursors  of 
earthquakes,  although  several  cases  have  been  reported  in  which  helium  isotopic  ratio 
was  used  to  interpret  volcanic  unrest  All  tlic  analysed  isotopic  ratios,  chemical  species 

twites  toJSSwre  "shw  ‘a  dgnifi^'t  change  a'^  TOnthJ 
h^tte  oeeurrenre  of  the  seismic  activity  and  ground  deformation,  followed  bv  a 
Pnor  the  swarm.  Migration  towards  the  surfoee'  of 
“'**  magmatic  sources  with  the  foUowitig 

decrease  of  the  surflcial  atmospheric  component  Is  the  caiae  of  such  wide  variations. 
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A  NEW  PRESSURE  VESSEL  FOR  MAGMA-  AND  R0CK-H20 
INTERACTION  STUDIES 

R.  Trigila(l),  D.M.  Palladino  (1),  J.  Taddeucci  (2,3)  and  P.  Scarlato  (2) 
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A  already  recognized  on  volcanoes,  water  under  pressure  coming  in  contact  with 
magma  bodies  or  hot  rocks  may  interact  explosively  originating  phreatomag- 
matic  or  phreatic  eruptions  if  some  boundary  conditions  between  the  two  media 
ate  present.  Because  of  experimental  difficulties,  pteceeding  studies  have  been 
mainly  directed  to  reproduce  the  natural  processes  and  products  using  arti¬ 
ficial  analogues  without  much  reference  to  P,T,Xi,  and  gases  real  conditions. 
Therefore  it  has  been  designed  and  realized  an  experimental  apparatus  able  to 
perform  interaction  experimentsup  to  Pmax  of  200  Mpa  and  Tmax  of  1200C 
using  natural  tocksof  known  compositions.  The  interaction  cell  is  contained 
within  a  two  liters  IHPV  (internally  heated  pressure  vessel)  and  is  equipped 
with  a  membrane  allwing  volume  variations  due  to  H20  liquid-vapor  transi¬ 
tion.  The  sample,  in  form  of  a  rock  cylinder  20x60mm,  is  confined  by  a  Pt 
crucible  inside  the  cell  and  injected  via  a  Pt  capillary  tube  of  H20  with  known 
quantity  and  pressure.  The  pressure  differenzial  between  the  inside  and  the  out¬ 
side  of  the  cell  can  be  also  conttolled:i.e.  lowering  of  the  cell  outside  pressure 
can  trigger  the  explosive  magma- water  interaction.  Experiments  ate  in  progress 
on  magma-H20  interaction  processes  at  Vulcano  Is.  And  on  liquid-vapor  H20 
transition  controlling  bradisisma  in  Campi  Flegrei  area. 


SE32  Crustal  melting  in  nature  and  experiment 
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STRESS  CHANGES  ASSOCIATED  WITH  VOLCANIC 
SOURCES:  AN  EXAMPLE  FROM  KILAUEA  RIFT  ERUP¬ 
TIONS. 
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The  dynamics  of  volcanic  sources  involves  high  strain  and  stress  changes  in  the 
host  rocks.  Strong  perturbations  to  the  local  stress  regime  are  then  produced, 
which  can  attain  much  larger  values  than  the  regional  stress  field.  Modeling  of 
such  perturbations  can  be  hence  of  fundamental  importance  to  interpret  the 
evolution  of  volcanic  unrests  and,  in  particular,  the  seismicity  generated  during 
unrest  episodes.  In  this  work,  an  analytical  method,  based  on  the  formulas  by 
Okada  (1992)  is  developed  to  simulate  strain  and  stress  changes  associated 
to  dynamics  of  volcanic  sources  such  as:  magma  chamber  overpressure,  dike 
and  rift  opening.  Magma  chamber  overpressure  is  simulated  by  isotropic  point 
sources,  dike  and  rift  opening  is  simulated  by  rectangular,  finite  faults  with 
dislocation  normal  to  the  fault  plane.  In  order  to  study  the  influence  of  volcanic 
sources  on  the  earthquake  generation,  Couloitib  stress  changes  are  computed  for 
several  sources  of  different  depth  and  geometry.  Such  changes  can  be  computed 
both  on  fixed  fault  plane  orientation  and  on  the  optimally  oriented  planes, 
defined  as  the  planes  with  maximum  total  Coulomb  stress,  regional  plus  IotsI. 
The  obtained  results  give  insight  on  the  expected  locations  and  mechanisms 
of  seismicity  associated  to  volcanic  sources.  An  example  of  application  of  the 
method  to  the  study  of  the  seismicity  of  the  South  flank  of  Kilauea  is  presented. 
Resulu  show  that  such  seismicity,  and  the  seaward  movement  of  the  southern 
flank,  can  be  interpreted  in  terms  of  stress  changes  associated  with  north¬ 
eastern  rift  intrusions  and  eruptions. 


CRUSTAL  MELTING  IN  NATURE:  PROSECUTING  SOURCE  PROCESSES 
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Commonly,  there  is  a  spatial  and  temporal  association  of  granite  with  crustal-scale 
shear  zone  systems  —  small  batches  of  magma  occur  as  meter-scale  sheets  in 
stromatic  migmatites  in  zones  of  higher  strain,  inhomogeneous  migmatites  occur  in 
zones  of  lower  strain,  with  vertically-sheeted  kilometer-scale  ellipsoidal  plutons,  and 
large  tabular  plutons  (lO’  km’)  are  discordant  to  structures.  Melt  extraction  and 
transport  is  a  batch  process  and  plutons  form  by  aggregation  of  multiple  melt  batches: 
we  may  expect  similar  crystallization  ages,  but  dissimilar  batch-specific  isotopic 
compositions.  For  example,  within  part  of  the  Centra]  Maine  Belt,  N  Appalachians, 
precise  U-Pb  zircon/monazite  crystallization  ages  of  sheets,  schlieric  granite  within 
migmatites  and  kilometric  plutons  are  in  the  range  c.  410-404  Ma,  within  2  Ma  at 
95%  confidence  limits.  In  one  pluton,  synchronous  ages  for  grey  granite  and 
leucogranite  suggest  melt  extraction  and  transport  are  fast  processes.  Leucogranite 
textures  and  covariation  in  K,  Rb,  Sr  and  Ba  distributions  are  incompatible  with  FC, 
but  consistent  with  volatile  phaSe-absent  Ms-dehydration  melting.  This  pluton  shows 
heterogeneity  in  Nd  isotope  compositions  (grey  granite  (404  Ma)  of  -I-  0.1  -  -1.8; 
leucogranite  (404  Ma)  of  -5.3  -  -8.0),  which  we  interpret  to  reflect  derivation 
from  two  sources,  to  preserve  within-source  heterogeneity  and  to  imply  efficient 
transport.  In  spatially  restricted  segments  of  orogenic  belts,  regionally-significant 
crustal  melting  in  namre  occurs  at  fast  rates  within  short  timescales  (-  lO’a). 


GENERATION  OF  LEUCOGRANITES  IN  THE  KERALA  KHONDALITE 
BELT,  SOUTHERN  INDIA 


LIMITATIONS  IN  APPLYING  EQUILIBRIUM  STUDIES  TO 
OPEN  PLUTONS  IN  CRUSTAL  GRADIENTS 


Ingo  Braun  SE32,  ingo.btaun@uni-bonn.de 

Gneisses  of  pelitic  and  psammitic  composition  form  a  major  crustal  component  of  the 
Kerala  Khondalite  Belt  (KKB)  in  southern  India  and  were  subjected  to  biotite 
dehydration-melting  at  different  stages  of  the  tectonometamorphic  evolution  of  the 
KKB  during  Pan-African  orogeny.  Metapelites  were  migmatised  prior  to  and 
simultaneously  with  the  ductile  deformation  of  the  gneisses.  The  degree  of  melting 
was  high  and  melt  segregation  was  ve^  effective  leaving  behind  a  mafic  gianulitic 
residue  of  garnet,  cordierite,  sillimanite biotite,  K-feldspar  and  graphite.  Contrasting 
to  this,  partial  anatexis  of  psammitic  gneisses  took  place  under  static  conditions  and 
the  degree  of  melting  did  not  exceed  5  -  10  %  which  led  to  the  generation  of  a 
Sresiduumo  consisting  of  isolated  garnet-bearing  in-situ  leucosomes  which  occur 
homogeneously  distributed  in  aquartzofeldspathic  biotite  gneiss  matrix.  The  generated 
melts  are  leucogranitic  and  peraluminous  in  composition  and  intmded  the  gneisses 
subparallel  and  discordant  to  their  foliation.  Field  observations  and  the  mineralogy  of 
the  granites,  particularly  the  occurrence  of  A12Si05  polymorphs,  yield  important 
information  on  the  P-T-conditions  of  melt  generation  and  crysullization  and  will  be 
discussed. 


F.W.Dickson(l)  and  K.J.Hsu(2) 

(1)  Department  of  Geological  Sciences, 
University  of  Nevada,  Reno,  Nevada,  U.S.A. 

(2)  Prof.  Emeritus,  ETH,  Zurich,  Switzerland. 

{ 1 )  f dic]cson§mines .  unr .  edu  ( 2 )  ken@erdw .  ethz .  ch 

Equilibrium  studies  of  minerals  and  fluids 
necessarily  are  on  closed  systems  that  lack 
gradients .  They  best  describe  local  phase 
events  in  restricted  volumes  of  the  crust,  such 
as  liquefaction,  partial  or  total,  which  gener¬ 
ates  silicate  liquids,  magma.  However,  large 
plutons  are  open  chemically,  and  subject  to 
gradients  in  T,  P  and  composition.  Plutons  move 
physically  as  dlapirs  and  chemically  by 
disequilibrium  dissolution-crystallization 
reactions  along  gradients  in  the  earth's 
gravitational  field,  by  cycling  energies^  of 
liquefaction.  Plutons  are  silicate  solutions 
that  are  governed  by  principles  of  solution 
chemistry;  solubilities,  chemical  potentials, 
and  kinetics  of  irreversible  reactions. 
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TWO  STAGE  MELTING  AROUND  'mAFIC  RESERVOIRS: 
an  EVIDENCE  FROM  THE  PROTEROZOIC  OF  BOHEMIAN  MASSIF 

David  DolejS 

Charles  University,  Albertov  6, 128  43  Praha  2,  Czech  Republic 
E-mail:  dolejs@maiI.natur.cuni.cz 

Two  stage  melting  and  extensive  interaction  between  mafic  magmas  and  high- 
temperature  contact  metasemipelites  (max.  830°C)  were  studied  around  a  small 
gabbro  -  quartz  diorite  intrusion  in  the  Proterozoic  sedimentary  fundament  in  the 
western  part  of  the  Bohemian  Massif  (Czech  Republic).  The  intrusion  of  dry 
gabbronorite  magmas  caused  dehydration  melting  of  surrounding  semipelites  in  the 
first  stage  producing  relatively  hot,  vapour-undersatured  leucogranitic  magma  (with 
refractory  garnet)  which  segregated  and  formed  dykes  of  granophyres  or  pegmatites 
and  stocks  of  microgranites.  The  interaction  of  gabbroic  magma  with  anatectic 
material  generated  biotite-amphibole  quartz  diorites  by  approximate  reaction:  70-75 
%  gabbroic  magma  +  14-25  %  semipelite  +  3-12  %  anatectic  granitic  melt  giving 
65-90  %  quartz  diorite  melts  +  7-25  %  plagioclase  +  2-10  %  olivine  +  accessory 
clinopyroxene  (fractionating  mineral  assemblage  in  cumulates).  The  fluid  release 
during  quartz  diorite  crystallization  enhanced  the  second  stage  of  semipelite  melting 
which  caused  vapour-present  formation  of  contact  metatexites  to  diatexites  of  biotite 
tonalitic  composition  (partly  with  residual  cordierite)  preserving  anatectic  textures 
and  various  crystallization  microstructures.  Diatexites  represent  low-temperature 
vapour-saturated  magmas  with  very  restricted  ability  of  segregation  and  movement 
containing  admixture  of  solid  material  (xenoliths,  restites,  plagioclase  phenocrysts). 


TWO-STAGE  SYN-EXTENSION  LEUCOGRANITIC  MAGMATISM  IN  THE  TORMES 
GNEISS  DOME,  NW  IBERIAN  MASSIF,  SPAIN 

Escuder-VIruete,  J. 

Depto.  Petnilogla  y  Geoqulmlca,  Univ.  Complutense,  E-2a040  Madrid,  Spain, 
escuder®  eucmax.slm.ucm.es 

The  Tormes  Gneiss  Dome  (TGO)  Is  a  high-grade  metamorphic  complex  affected  by  a  major 
episode  of  extenslonal  defoimatlon  (D2).  The  complex  was  Intruded  by  two  types  of  syn-D2 
granitoids:  (1)  garnet-bearing  and  (2)  cordlerite-bearing,  peraluminous  leucogranholds  with 
abundant  metapelltlc  enclaves,  which  are  mainly  concentrated  In  the  Lower  Unit  located  In 
the  core  of  structural  dome.  The  P-T  vectors  deduced  from  thermobarometric  calculations  in 
metapelltes.  the  sequence  deduced  from  mehlng  reactions  and  the  existence  of  two 
generations  of  mineralogically  and  structurally  different  leiicosome  segregations,  suggests 
that  the  migmatizatlon  In  the  Lower  Unit  ocunred  In  two  main  pulses  as  consequence  of 
exhumation  and  near  Isothermal  decompression.  Leucogranltes  with  garnet  are  Interpreted  to 
have  formed  close  to  the  thermal  peak,  whereas  leucogranltes  with  cordierite  are  Interpreted 
to  have  formed  during  the  decompression  stage. 


PARTIAL  MELTING  AND  RETROGRESSION  DURING  EXHUMATION 
OF  THE  HIGH-GRADE  METAPELITES,  THE  TATRA  MTS.,  WESTERN 
CARPATHIANS 

V.  Hurai  (1),  M.  Janak  (2),  L.  Ludhova  (3), 

(1)  Geol.  Suiv.  Slovak  Rep.,  Bratislava,  Slovakia  (2)  Geol.  Inst.,  Slovak  Acad.  Sci., 
Bratislava,  Slovakia  (3)  Dept.  Min.  Petrol.,  Comenius  Univ.,  Bratislava,  Slovakia 
ludhova@fhs.uniba.sk 

Tectonic  uplift-related  partial  melting  and  retrogression  have  been  recognized  in  the 
high-grade  metapelites  of  the  Tatra  Mts.,  Western  Carpathians  (Slovakia)  exhumed 
during  Variscan  tectonic  events  (ca  330-300  Ma).  Major  melting  reaction  was 
dehydration-melting  of  biotite  (Bt  +  Sil  +  Qlz  =  Grt  +  Kfs  +  M),  producing  a 
granitic  melt  and  garnet  (+K-feIdspar)  at  ca  800-850°C  and  0.6-0.7  GPa  Subsequent 
cooling  is  documented  by  garnet  resorption  by  biotite  and  sillimanite,  indicating  a 
reversal  of  the  prograde  melting  reaction.  Cordierite  was  formed  only  in  Mg-rich 
portions  of  the  metapelites  during  nearly  isothermal  decompression  down  to  ca  0.4 
GPa,  by  reaction  Bt  +  Sil  +  (312  =  Crd  +  Kfs  +  M.  Further  cooling  at  nearly  constant 
pressure  is  documented  by  retrograde  replacement  of  cordierite  by  phengitic 
muscovite  and  Mg-enriched  biotite.  Partial  melting-related  fluids  have  been 
encountered  in  qtz-pig  segregations.  The  fluids  involve  high  density  (>42  cm3/moi) 
C02-N2  phase  with  highly  varying  N2  contents  (5-30  mol.  %),  accompanied  by 
brine  (30-80  wt.  %  NaCI)  and  disordered  graphite.  Siderite  globules  intimately 
associated  with  the  carbonic  fluid  and  graphite  are  believed  to  represent  a 
carbonatite-resembling  melt  fraction,  generated  by  (a)  immiscible  separation  from 
ciystallizing  silicate  melt  or  from  supercritical  carbonic  fluid,  (b)  reaction  of  the 
carbonic  fluid  with  Ca-rich  minerals. 


FORMATION  AND  EVOLUTION  OF  HP  LEUCOGRANULITES: 
EXPERIMENTAL  CONSTRAINTS  AND  UNRESOLVED  ISSUES 

LKotkova  (1),  S.L.Harley  (2) 

(1)  Czech  Geological  Survey,  Prague,  (2)  University  of  Edinburgh,  kotkova@cgu.c2 

High-pressure  (HP)  leucogranulites  of  the  Bohemian  Massif  are  interpreted  as  the 
metamorphosed  equivalents  of  HP  leucogranltes  produced  by  deep  crustal  melting. 
This  is  supported  by  their  preserved  mineral  assemblages  (Grt-Ky-Kfs),  bulk  rock 
chemistry,  P-T  estimates,  and  garnet  and  accessory  phases  trace  element  abundances. 
Following  melting  and  peak  metamoiphism,  the  leucogranulites  have  been  exhumed 
from  lower  ctustal  depths  to  their  present  position  at  the  highest  structural  level  of  the 
Gf+hl  Nappe.  The  near-ITD  decompression  P-T  path  and  geochronological  data  imply 
high  exhumation  rates.  The  dry  character  of  the  leucogranulites  reflects  the 
water-undersaturated  conditions  that  prevailed  during  foimation  of  leucogranltes  and 
their  subsequent  recrystallization  in  the  middle  and  lower  crust.  In  the  Qz-Ab-Or 
ternary  diagram  compositions  of  the  leucogranulites  are  displaced  towards  the  Qz-Or 
join,  which  corresponds  to  experimental  results  for  water-undersaturated  melting. 
Trace  element  (mainly  REE)  abundances  in  whole  rock,  garnet  and  accessory  phases 
are  consistent  with  Ms-Bt  dehydration  melting  coupled  with  Kfs  fractionation.  The 
melting  reactions  potentially  involved  in  generation  of  HP  leucogranite  melts, 
protoliths  and  mechanisms  of  magma  ascent  to  higher  crustal  levels  will  be  discussed, 
using  experimental  data  for  water-saturated  and  dry  melting. 


Melting  during  post-thickening  uplift:  Mamil  Choique  Granitoids  of  the 
North  Patagonian  Massif 

Monica  G.  L6pez  de  Luchi  *and  Marla  Elena  Cerredo* 

*  Centro  de  investigaciones  en  Recursos  Geoibgicos,  CONICET,  Argentina 
e-mail:  monlca(gcirgeo.edu.ar 

Epidole  bearing  Mamil  Choique  Granitoids  (MCG)  made  up  the  most 
extensive  outcrops  of  the  Paleozoic  basement  of  the  North  Patagonian 
Massif  and  are  the  product  of  melting  as  a  consequence  of  post-thickening 
uplit.  Emplacement  slightly  postdate  peak  metamorphic  conditions  as  shown 
by  overprinting  relation  of  Ms  porphyroblasts  overgrowing  medium  grade 
parageneses  of  their  metasedimentary  country  rocks.  Crystallization  ages 
are  poooriy  defined  but  in  any  case  low  •'Sr/“Sri  Is  characteristic. 

Three  deformational  phases  has  been  recognized  in  MCG  and  its  country 
rocks.  D1  appear  only  as  a  relic  foliation  in  the  country  rocks;  D2  is 
associated  with  foliation  development  and  control  MCG  emplacement.  D3 
affects  both  country  rocks  and  MCG  producing  folding  and  related  mylonitic 
zones.  Even  though  adiabatic  decompression  would  be  responsible  for 
melting  processes,  fluids  circulation  along  shear  zones  could  have  enhanced 
melting.  In  this  connection,  *'Sr/“Sri  (0.7055-0.7063)  of  MCG  granitoids 
would  indicate  interaction  with  fluids  in  the  source  whereas  Rb/Sr  values 
between  0.2-O.6  for  MCG,  that  show  a  positive  slope  against  Si02  would  be 
inherent  to  the  evolutionary  trends  of  the  crystallizing  melt. 


CAN  COMPOSITIONS  OF  LEUCOSOMES  IN  MIGMAT- 
ITES  BE  USED  AS  MODEL  FOR  COMPOSITIONS  OF 
GRANITES? 

NABELEK.  Peter.  BARTLETT,  Cindy,  GLASCOCK,  Michael 
University  of  Missouri,  Columbia,  MO  65211,  USA 
e-mail:  geolpin@showme.missouri.edu 

Petrology  and  geochemistry  of  migmatites  is  commonly  used  to  infer 
processes  leading  to  granite  generation.  To  examine  whether  trace 
element  compositions  of  leucosomes  are  analogues  for  compositions  of 
pelite-derived  granites,  we  analyzed  anatectic  migmatites  in  the  aureole 
of  the  Harney  Peak  Granite  (HPG),  South  Dakota,  USA.  Melanosomes 
are  dominated  by  biotite,  sillimanite,  and  quartz.  Leucosomes  have 
constant  Si/Al  ratio  corresponding  to  a  peraluminous  granite.  However, 
they  have  variable  proportions  of  (sil-Fqtz)/alkali  feldspar  that  is 
attributed  to  instability  of  feldspar  relative  to  sillimanite  due  to  high  ohf 
in  partial  melts  (Nabelek,  Geology,  1997).  There  are  strong  positive 
correlations  of  Ba,  Sr,  Eu/Eu*  and  Rb  concentrations  with  the 
proportion  of  alkali  feldspar.  Leucosomes  with  feldspar  have  positive 
Eu  anomalies  and  substantially  higher  Ba  and  Sr  than  the  HPG  and 
model  pelite-derived  melts.  This  indicates  mineral-mineral,  rather  than 
mineral-melt  equilibrium,  between  melanosomes  and  leucosomes  that 
was  established  during  protracted  cooling  of  the  migmatites. 


C184 


RELATIONSHIP  BETWEEN  GEODYNAMICS  AND  GENERATION  OF 
MELT  IN  CENTRAL  SPAIN 

D.  Pereira  (1),  D.M.  Shaw  (2) 

(1)  Depto.  de  Geologia,  Uiuversidad  de  Salamanca,  (2)  Dept,  of  Geography 
and  Geology,  McMaster  University 
mdp@gugu.usal.es/Fax:  34  23  294514 

This  study  relates  the  anatectic  generation  of  in  situ  granitoids  to 
deformation  in  the  Spanish  Central  System.  The  regional  rock  of  the  anatectic 
complexes  in  Iberia  are  migmatites,  and  intelayered  with  them  are  foimd 
anatectic  granitoids.  The  second  phase  of  the  Hercynian  orogenys 
characterized  by  subhorizontal  structures  (e.g.  shears,  folding)  probably  due 
to  a  compressional  stage  and  then  to  the  extensional  collapse  of  the  series. 
Increased  local  deformation  resulted  in  melting  and  the  generation  of  in  situ 
granitoids.  Among  severai  volatile  elements  determined  by  activation 
analysis,  boron  is  observed  to  accumulate  preferentially  in  the  shear 
structures  affecting  the  migmatites,  therefore  helping  with  me  development 
of  anatexis  and  accelerating  me  local  migration  of  me  melting  fraction.  This 
condition  plus  me  existence  of  a  fertile  source  will  be  determining  factors  in 
me  generation  of  different  melt-fraction  granitoids. 


SPEanC  ENCLAVES  IN  ACID  MAGMAS 

R.N.SoboIev  (Petrological  Department,  Lomonosov  Moscow  State 
University,  Russia;  e-mait:  tisthek@geoi.msu.ru) 

In  young  (1 .5  -  2  min.y)  granites  and  ryoiites  in  the  Northern  Caucasus 
are  metanocratic,  mostly  fme-grained,  enclaves  of  the  oval  form  with 
diametrs  from  some  cm  to  2-3  m.  On  the  contact  with  sorrounding  acid 
rocks  they  have  quenched  zone,  width  of  which  depends  on  the  size  of 
enclaves;  the  bigger  is  enclaves  the  less  is  width  of  quenched  zone.  In  the 
everage  thickness  of  such  zone  is  0.5  cm.  Sometimes  enclaves  have 
porphyric  tex-ture.  Phenocrysts  are  the  same  as  in  magmatic  rocks 
(Kfsp,  PI,  Q,  Bi)  and  are  orientated  parallel  to  the  outline  of  enclaves; 
sometimes  they  cross  the  border  magmatic  rock  -  enclave.  Sorrounding 
rocks  close  to  the  enclave  are  more  ieicocratic  then  usually  and  have 
miarolithic  texture.  The  more  probable  way  of  such  enclaves  formation 
is  liquation  (separation)  initial  melt  in  the  conditions  of  high  fluid 
concentation. 


CRITERIA  FOR  THE  RECOGNITION  OF  PARTIAL  MELTINGE. 

W.  SAWYER. 

Sciences  Appliquees,  Universite  du  Quebec  a  Chicoutimi,  Chicoutimi,  Quebec  G7H 
2B1  Canada.ewsawyer@uqac.uquebec.ca 

Large  (>250  000km2)  regions  of  northern  Quebec  have  undergone  anatexis.  hour 
means  of  recognising  partial  melting  were  tested  there.l)  Macroscopic  texture: 
because  melt  is  mobile  it  collects  in  structural  sites,  e.g.  boudin  necks,  to  form 
leucosomes  in  metatexite  migmatites.  If  a  melanosome  surrounds  the  leucosomes,  a 
local  origin  for  the  melt  may  be  inferred.  The  formation  of  leucosomes  is  a  robust 
textural  change,  i.e.  hard  to  erase  by  later  deformation  or  metamorphism.2) 
Microscopic  textures:  locally  thin  films  of  quartz  or  K-feldspar  are  present  on  the  grain 
boundaries,  these  are  interpreted  to  be  remnants  of  an  intergranular  melt  film.  These 
are  the  best  textural  evidence  for  melt  in  the  source  rocks,  but  are  fragile  textures 
easily  destroyed  by  deformation.3)  Petrographic  evidence:  indentification  of 
metamorphic  assemblages  that  imply  melt-forming  reactions.  If  extensive,  late-stage 
rehydration  of  residual  rocks  occurred,  e.g.  related  to  the  crystallization  of  anatectic 
granite,  these  assemblages  may  be  destroyed.4)  Bulk  geochemistry:  comparison  of  the 
bulk  compositions  of  lower-grade  unmelted  rocks  with  those  believed  to  have  melted 
is  the  best  way  of  recognising  the  residuum,  and  source  of  anatectic  melts.  This  reveals 
that  all  the  granulite  facies  metasediments  in  the  southern  Ashuanipi  subprovince  are 
residual. 


STAGES  OF  CRUSTAL  MELTING 

R.N.SoboIev,  TA.Kurbiko  (Petrolo^cal  Department,  Lomonosov 
Moscow  State  University,  Russia;  e-mail;  tisthek@geoI.msu.ru) 

By  experimental  investigation  process  of  crustal  melting  usually  using 
very  flne  and  well  mixed  powder  of  rock.  In  this  case  summary  surface 
of  particles  is  very  big  and  they  have  many  points  of  contact.  In  the 
contac(  usually  are  two  or  three  particles  of  different  chemical  compo¬ 
sition;  as  a  result  reaction  of  double  exchenge  in  this  case  have  big  rate 
and  generated  melt  is  more  or  less  homogeneous.  But  in  natural  condi¬ 
tions  melting  rocks  are  as  a  rule  coarse-grained  and,  as  a  consecuence, 
summary  surface  of  grains  is  significantly  less  as  well  as  quantity  points 
of  contact.  Usually  in  contact  are  only  two  grains  of  different  chemical 
composition.  Results  of  our  ex-periments  show  what:  1.  minerals  melt  in 
the  succession  Kfsp  ->  PI  ->  Q;  2.  on  the  contact  of  two  minerak  form 
three  melts;  on  the  border  of  each  mineral  melt  have  almost  the  same 
composition  as  mineral  itself  and  on  the  contact  of  two  melts  their  com¬ 
position  is  near  to  eutectic  of  these  minerals;  3.  melt  never  become  ho¬ 
mogeneous  even  when  all  minerals  are  melted.  So  acid  melts  generated  in 
natural  conditions  are  heterogeneous  from  the  very  begining  and  process 
of  melting  is  more  complicated  then  simlpe  partial  melting. 


PARTIAL  MELTING  OF  AN  ACID  CRUSTAL  MATERIAL  UNDER  INFLUENCE  OF  A 
HEAT  OF  BASIC  MAGMAS  (EXAMPLES  FROM  THE  NORTHWEST  REGION  OF 
THE  UKRAINIAN  SHIELD) 

Shumlyanskiy  Leonid 

Kyiv  Tarasa  Shevchenka  University,  geoiogy  faculty 
90  Vasilkovskaya  st,  Kyiv  252022,  Ukraine.  Tel.  (380-044)  2663476 

In  boundaries  of  the  Northwest  region  of  the  Ukrainian  shield  results  of  partial 
melting  of  an  acid  crustal  material  under  influence  of  a  heat  of  basic  magmas  are 
investigated.  These  processes  are  sharply  various  on  scales.  The  results  of  smail- 
scale  processes  are  investigated  in  exocontacts  of  the  Prutovka  sill-like  gabbro- 
dolerite  intrusion.  Plagio-migmatites  and  plagiogneisses  represent  the  wall  rocks. 
They  were  subjected  to  partial  melting  with  formation  of  typical  textures  and  consist 
of  corroded  grains  of  oligoclase-andesine,  which  are  cemented  by  xenomorphic 
interstitial  quartz.  Potash  feldspar  is  practically  absent.  Groups  and  chains  of  small- 
grained  hypersthene  develop  in  interstitial  area.  Partial  melting  occurred  at  depths 
about  1-3  km. 

In  result  of  interaction  of  large  (up  to  300-450  km’)  volumes  of  basic  magmas  with 
low-crustal  material  at  depths  of  20-25  km  formed  an  association  of  rocks  of  the  Buki 
massif.  It  submitted  by  a  rock’s  set:  peridotites  and  pyroxenites  -  gabbros  and 
gabbro-norites  -  monzogabbros  and  quartz  monzonites  -  hypersthene  and 
amphibole-biotite  diorites  -  granodiorites  and  granites. 


EXPERIMENTS  ON  THE  FORMATION  OF  MIGMAUTIC  AND  RESTITIC 
GRANULITES  IN  THE  LIMPOPO  BELT 


Gary  Stevens 

Economic  Geology  Research  UniL  University  of  the  Witwatersrand,  RS.A. 
065gaiy@cosmos.wits.ac.za 


The  metasedimentaiy  granulites  of  the  Limpopo  Belt  are  migmatitic.  Petrographic  and 
field  evidence  indicate  biotite  melting  via  the  model  incongruent  reactions:  1 .  Bt  +  Sil 
+  Qtz  +  PI  (  Grt  +  Melt;  2.  Bt  -i-  Qtz  +  PI  (  Grt  +  Opx  +  Melt;  3.  Bt  +  Qtz  +  PI  ( Opx  -t 
Crd + Melt.  The  reaction  textures  are  variably  developed  throughout  the  exposures  and 
zones  with  prograde  biotite  and  minor  leucosome  development  are  interspersed  with 
zones  where  biotite  has  been  completely  consumed  to  produce  granitoid  leucosomes 
and  with  Grt  or  Grt  +  Opx  lestites.  Experiments  investigating  these  reactions  as  a 
function  of  bulk-rock  A1203  content  and  Mg#  in  Ti-bearing  compositions  have 
produced  reaction  1.  in  metapelites  and  reactions  2.  and  3.  in  metapsammites.  Both 
removing  sillimanite  from  the  starting  assemblage  and  increasing  the  bulk  rock  Mg# 
(SO  to  80)  raise  the  starting  temperature  of  the  reactions  by  a  maximum  of  30  (C.  This 
is  in  accordance  with  the  above  order  of  the  reactions.  The  experiments  also  indicate 
that  in  Ti-bearing  protoliths  the  biotite  melting  intervals  span  a  temperature  range  of 
at  least  80  (C.  This  suggests  that  some  factor  other  than  bulk  rock  AI203  content  and 
Mg#  has  contributed  to  the  relatively  low  thermal  stability  of  biotite  in  the  zones  of 
restite  development.  Experiments  using  Ti-ftee  compositions  indicate  that  variations 
in  bulk  rock  Ti02  content  could  account  for  this  behaviour. 
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Pre-eruptive  processes 

Convener:  Marti,  J. 

Co-Conveners:  Carroll,  M.R.;  Gudtnundsson,  A. 


MODELLING  OF  DIKE  INTRUSIONS  AND  VOLCANO  GROWTH 

C.  Annen*.  J.-F.  Lmat**,  A.  Provost** 

*Uiuversite  de  Gen^,  Departement  de  Mineralogie,  13.  rue  des  Maraichers,  121 1 
Geneve  4,  Suisse. 

*Universite  Blaise  Pascal  (OPGC)  and  CNRS  (UMR  6524),  Centre  de  Recherches 
Volcanologiques,  5  rue  Kessler,  63038  Clermont-Ferrand,  France. 

Numerical  simulations  are  used  to  estimate  the  contribution  of  intrusions  and 
extrusions  to  the  growth  of  volcanic  edifices.  Dike  geometry  influences  the  building 
of  volcanoes  in  two  ways:  by  lifling  up  the  ground  and  by  determining  where  an 
etuption  will  occur.  The  ground  displacement  induced  by  a  dike  swarm  is  calculated 
at  the  nodes  of  a  planar  grid  using  the  equations  of  Okada  (1986).  When  a  dike 
reaches  the  surface,  a  volume  of  lava  spreads  over  the  ground.  The  characteristics  of 
every  dike  (length,  width,  height  and  dip)  and  lava  flow  (volume,  density,  aspect  ratio 
and  yield  strength,)  are  obtained  by  balloting  amid  a  pre-established  range,  according 
to  a  tuneable  probability  law.  Adapting  the  ranges  and  probability  laws,  different 
types  of  terrestrial  and  extra-terrestrial  volcanic  edifices  can  be  modelled.  Volcanoes 
tend  to  be  flat  with  gentle  slopes  if  dikes  are  long  and  thin,  come  from  a  large  and 
sdiallow  magma  chamber,  and  ^ve  rise  to  lava  flows  of  low  yidd  strength  and  aspect 
ratio.  Volcanoes  are  high  and  steep  if  dikes  are  short  and  thick,  magma  chamber  is 
small  and  deep,  and  lava  flows  have  high  yidd  strength  and  aspect  ratio.  We  diow 
how  the  different  parameters  control  the  shape  of  volcanoes  and  discuss  their 
potential  effect  in  the  evolution  of  edifices. 


CONSTRAINTS  FROM  DISPLACEMENTS  AND  TILT  DATA  ON 
THE  MAGMA  CHAMBER  AT  MERAPI  (JAVA) 

F.  Beauducel  and  F.H.  Comet 

Institut  de  Physique  du  Globe  de  Paris,  75  252  Paris  Cedex  05,  France. 
beauduCipgp.jussieu.fr;  cornetCipgp. jussieu.fr/Fax: [33]  1  44  27 38 94 

Displacement  measurements  and  tilt  observations  have  been  conducted  on  Mt 
Merapi  (Java)  near  the  crater  rim  etnd  on  the  lower  flanks  of  the  volcanic  edifice. 
Fslt  field  data  concern  the  eruption  period  November  1996  -  March  1997.  This 
period  includes  a  vertical  explosion  on  January  the  17th,  and  an  increase  of  the 
lava  dome  volume  by  about  3  10®m^.  Two  GPS  campaigns  have  been  carried 
out  at  the  beginning  and  at  the  end  of  the  period.  Relative  displacements  with 
respect  to  the  reference  point  show  an  average  downward  subsidence  equal  to 
6.5  cm.  A  multi-component  tilt  station,  installed  on  the  Southeast  flanc  3  km 
from  the  summit,  recorded  a  continuous  signal  that  expresses  the  real  tilting  for 
a  surface  with  a  10  by  30  area.  After  correction  of  meteorological  effects, 
the  relative  tilt  variation  is  11.1  ±  0.7  fiiad  in  the  tangential  direction  and 
0.9  ±  0.4  prad  in  the  radial  direction.  These  data  are  interpreted  through  a 
3D  elastic  model  based  on  the  mixed  boundary  elements  method,  and  a  near- 
neighbour  Monte-Carlo  inversion.  Final  result  supports  an  horizontal  elliptic 
magma  source  located  8.5  ±  0.4  km  below  the  summit  and  2  ±  0.4  km  to  the 
East  of  it.  This  location  differs  significantly  from  that  proposed  from  seismic 
activity  analysis.  The  computed  deflation  of  11  ±2  10®m®  is  about  three  times 
larger  than  the  observed  variation  of  the  lava  dome  volume.  This  difference  is 
attributed  to  rock  avalanches  and  pyroclastic  flows  on  the  flanks  of  the  volcano. 


TENSILE  CRACKS  IN  LAYERED  MEDIA 
M.  Bonafede  and  E.  Rivalta 

Department  of  Physics  -  University  of  Bologna  -  Italy 

e-mail:  bonafede@ibogfs.df.unibo.it  fax:  -f-39-51-630.5058 

Tensile  cracks  are  often  employed  to  model  magma  intrusion  along  mid-oceanic 
ridges  or  within  volcanic  edifices.  In  spite  of  the  large  heterogeneity  present  in 
these  areas,  most  crack  models  have  been  developed  in  homogeneous  media.  In 
this  paper  the  most  simple  elastic  medium  is  considered,  made  up  of  two  welded 
half-spaces  characterized  by  different  elastic  parameters.  The  elementary 
dislocation  problem  is  solved  first:  explicit  analytic  solutions  are  provided  for 
the  displacement  and  stress  fields.  The  problem  for  a  crack  entirely  embedded 
in  one  of  the  two  media  is  then  considered.  The  singular  Cauchy  integral 
equation  is  solved  employing  a  truncated  expansion  in  Chebyshev  polynomials 
and  semi-analytical  solutions  are  given  for  the  displacement  and  stress  fields 
provided  by  a  constant  overpressure  within  the  crack.  Then  the  crack  problem 
for  a  crack  terminating  at  the  interface  between  the  two  media  is  considered: 
in  this  case  a  further  singularity  appears  in  the  kernel  of  the  integral  equation. 
Finally  the  problem  of  a  dyke  crossing  the  boundary  between  two  media  is 
considered.  The  problem  is  solved  by  splitting  the  crack  into  two  interacting 
open  cracks.  The  stress  changes  produced  by  such  a  crack  can  explain  several 
seismological,  gedetic  and  geochemical  observations  in  volcanic  areas. 


A  POROUS  FLOW  MODEL  OF  MAGMA  MIGRATION  WITHIN 
MT.ETNAr  THE  INFLUENCE  OF  EXTENDED  SOURCES  AND 
PERMEABILITY  ANISOTROPY 

N.  Cenni  and  M.  Bonafede 

Department  of  Physics  -  University  of  Bologna  -  Italy 

e-mail:  bonafede@ibog{s.df.unibo.it  fax:  -1-39-51-630.5058 

A  porous  flow  model  for  magma  migration  from  a  deep  source  within  a  volcanic 
edifice  (Mt.Etna)  is  developed  in  probabilistic  terms.  The  model  is  based  on 
the  assumption  that  an  isotropic  and  homogeneous  system  of  fractures  allows 
magma  migration  from  one  localized  feeding  dyke  up  to  the  surface  of  the 
volcano.  The  point  source  model  is  able  to  provide  a  detailed  description  of 
eruption  site  distribution  for  a  few  sections  of  Mt.Etna,  but  it  fails  to  explain 
simultaneously  the  eruption  distribution  along  the  mutually  orthogonal  N-S 
and  E-W  sections.  The  solution  is  then  generalized  to  deal  with  extended 
sources  and  with  anisotropic  media,  employed  respectively  to  simulate  an 
hypothetical  N-S  trending  fracture  system  at  the  base  of  the  volcano  or  the 
influence  of  the  regional  stress  field  on  the  directional  probability  of  dyke 
opening.  The  results  show  that  both  models  are  able  to  explain  the  presence  on 
Mt.Etna  of  the  N-S  trending  rift.  In  particular,  the  anisotropic  model  provides 
the  best  fits  to  the  N,  S,  W  and  E  topografic  sections.  Several  features  of  the 
eruption  distribution  on  Mt.Etna  remain  unexplained,  however,  by  a  porous 
flow  model  and  apparently  require  the  intervention  of  specific  structural  effects. 


AN  EMPIRICAL  THERMOMETER  FOR  VESUVIUS  MAGMAS 

RafTaello  Cioii,  Paola  Marianelli.  Roberto  Santacroce 

Dipartimento  di  Scienze  della  Terra, Via  S.  Maria  S3, 56126.  PISA,  Italy 

santacroce@dst.iinipi.it 

The  estimation  of  magma  temperatures  is  fundamental  to  the 
understanding  of  pre-^ruptive  magma  evolution  and  syn-eruplive 
extraction  processes.  Mineral-mineral  and  mineral-melt  geothermometers 
represent  the  classical  approach  to  the  problem.  A  very  powerful  tool  for 
the  estimation  of  pre-eruption  temperatures  (T)  and  magma  compositions 
(X)  is  given  by  the  study  of  melt  inclusions  (MI)  in  minerals.  In  the  past 
few  years,  a  huge  amount  of  T  and  X  data  was  collected  on  Ml  in 
minerals  from  the  products  of  several  eruptions  of  Somma-Vesuvius 
(SV).  The  whole  data  set  is  representative  of  the  wide  range  of  magma 
compositions,  and  of  the  different  cooling  and  storage  conditions 
characterizing  the  last  4,000  years  of  SV  activity.  The  data  are  used  to  fit 
an  empirical  geothermometric  law  based  on  the  measure  of  natural  T  and 
X  couples.  Such  an  approach  differs  from  the  previous  ones,  in  which 
experimentally  controlled  magma  compositions  and  conditions  were  used 
to  define  the  T  of  crystallization  of  mineral  assemblages. 

The  use  of  a  natural  set  of  T-X  data  introduces  a  number  of 
oversemplifications  to  the  Ihermometric  law.  A  good  fit  is  however 
observed  for  a  simple  X-T  relation,  and  also  between  pyroxene 
composition  and  T  and  X  of  hosted  Ml.  The  observed  AT  (T  measured  •  T 
calculated)  results  from  both  analytical  indetermination  and  internal 
variability  in  intrinsic  magma  parameters  (P,  whole  composition, 
volatiles  partial  pressure.  f02)  of  the  data  set.  Despite  this,  the  wide 
compositional  spectrum  of  analysed  products,  and  their  representativity  of 
SV  activity,  allow  to  define  the  T-X  field  of  SV  magmas  and  to 
reconstruct  the  evolutive  history  of  shallow  reservoirs. 
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MECHANICAL  VERSUS  THERMALFLUID-DYNAMICAL  EF¬ 
FECTS  IN  THE  GENERATION  OF  CALDERA  UNRESTS:  EX¬ 
AMPLES  FROM  CAMPI  FLEGREI  (ITALY)  AND  RABAUL 
(NEW  GUINEA) 
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torio  Vesuviano,  via  A.  Manzoni  249, 80123  Naples  -  Italy ,  (3)  Dept,  f  Geophys. 
and  Volcanol.,  Federico  II  University,  Naples  -  Italy  ,  (4)  Dept,  of  Science,  La 
Sapienza  University,  Rome-  Italy  . 
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Mechanical  and  thermaliluid-dynamical  contributions  to  unrest  phenomena  at 
active  calderas  are  quantitatively  evaluated.  Mechanical  modeling  involves  the 
use  of  analytical  and  finite  element  formulations.  Thermalfluid-dynamical  ef¬ 
fects  are  considered  in  the  framework  of  ID  and  2D  approximations,  solved 
by  analytical  and  finite  difference  methods.  The  results  shed  new  light  about 
the  influence  of  caldera  structures  on  the  observed  phenomena  during  unrests 
(seismicity  and  ground  deformations),  and  on  the  coupled  effect  of  mechani¬ 
cally  induced  overpressures  and  variations  in  the  geothermal  fluid  circulation 
regime.  Data  from  Campi  Flegrei  and  Rabaul  calderas  are  analysed  in  the 
framework  of  the  obtained  results,  giving  detailed  pictures  of  respective  unrest 
episodes.  Furthermore,  thermalfluid-dynamical  effects  have  important  implica¬ 
tions  on  the  evolution  of  the  volcanic  system  towards  critical  phenomena,  which 
must  be  considered  for  meaningful  evaluation  of  volcanic  hazard.  Such  effects 
can  be  only  qualitatively  evaluated  using  mathematical  models,  and  should  be 
explored  by  laboratory  experiments.  Such  experiments  have  been  planned  on 
Campi  Flegrei  tuff  samples,  and  first  results  of  flow  at  sub  and  supercritical 
conditions  are  reported. 


CONTROLLING  INFLUENCES  IN  THE  LATERAL 
PROPAGATION  OF  DIKES  AND  THE  POSITION  OF 
FISSURE  ERUPTIONS. 
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The  lateral  propagatiMi  of  dikes  requires  a  balance  between  die  magma 
st^pfy  and  Ae  fracture  properties  and  str^  condition  of  die  host  Moreover, 
for  die  persistent  intrusion  of  laterally  propagating,  vertically  confined  dikes 
connected  to  an  established  magma  reservoir,  diat  balance  must  be  preserved 
by  an  inelastic  mechanism  which  restores  the  host  stress  field  to  one  close  to 
t^  Udiostatic  condition  in  all  diree  components.  Numerical  and  analytical 
models  suggest  diat  die  location  of  fissure  enqidons  associated  with  laterally 
emplaced  intrusions  can  be  controlled  by  changes  in  die  number  density  and 
depth  extent  of  near  surface  discontinuity,  and  by  changes  in  the  avaibbility 
and  mobility  of  groundwater.  These  affect  the  stress  intensity  and  apparent 
fracture  tou^ess  at  the  i^per  edge  of  the  dike,  analytical  results  giving  a 
variadon  between  10  •  100  MPa  m''^  in  apparent  fracture  toughness  with 
dqidi  between  0  •  10  km.  We  present  the  results  of  numericalmodelling 
demonstrating  the  influence  of  viscoclasdc  deformation  at  depdi  and  of 
varying  boundary  stress  conditions  on  the  vertical  trapping  of  intrusions. 
Numerical  investigations  of  the  pressure  field  within  laterally  flowing 
magma  are  included  in  the  analysis  of  position  and  timing  of  fissure 
eruptions  during  the  emplacement  and  arrest  of  a  dike.  The  models  indicate 
that  in  conditions  where  lateral  intrusion  of  magma  is  persistent,  a  set  of 
renewable  conditions  vrithin  the  magma  siqiply  system  and  the  host  rock 
must  be  satisfled  and  preserved  under  conrinu^  activity. 


MODELLING  DEFORMATION,  POTENTIAL  AND  GRAVITY  CHANGES 
CAUSED  BY  A  MAGMATIC  INTRUSION 
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As  possible  precursors  events  of  volcanic  activity,  ground  deformation  and  gravity 
changes  are  of  great  interest  both  in  geodetic  and  geophysical  terms,  and  regularly 
form  a  major  part  of  monitoring  in  active  volcanic  areas.  The  high  levels  of 
precision  attainable  in  observation  techniques  used  to  study  these  precursor  events 
means  that  sophisticated  models  must  be  developed  in  order  to  interpret  them  and 
obtain  as  much  information  as  possible.  This  information  can  be  used  to  understand 
the  different  physical  events  involved,  and  make  advances  in  the  Held  of  predictive 
research.  This  paper  describes  theoretical  methods  developed  by  this  group  in  recent 
years  for  calculating  deformation  and  gravity  and  potential  changes  caused  by 
magmatic  intrusions,  the  results  obtained  to  date,  and  the  objectives  of  future 
research.  In  the  modelling  we  consider  elastic  and  viscoelastic  layered  gravitational 
media.  We  study  the  effects  of  the  medium's  properties,  of  the  source  and  the  time 
dependency  of  the  deformation  and  gravity  and  potential  changes.  We  also  describe 
the  programmes  developed,  which  perform  the  model  calculations  and  are  available 
to  the  scientiric  community,  and  how  any  scientist  interested  can  obtain  them. 


OVERPRESSURE  IN  REPLENISHED  FELSIC  MAGMA  CHAMBERS 

A.  Folch  and  J  Marti.  Institute  of  Earth  Sciences,  CSIC,  Lluis  Soli  Sabaris  s/n, 
08028  Barcelona,'Spain.  Afolch@ija.csic.es/  Fax:  -34-3.41 10012 

In  order  to  quantify  the  potential  for  magma  mixing  to  trigger  explosive  eruptions, 
we  have  developed  a  simple  analytical  model,  based  on  previous  models  of  magma 
chamber  replenishment,  which  considers  the  injection  of  volatile-rich  mafic  magma 
into  a  chamber  occupied  by  a  homogeneous,  volatile-rich  felsic  magma.  We  assume 
that  the  overpressure  caused  by  the  injection  of  new  magma  is  not  sufficient  to 
trigger  an  'eruption,  for  which  additional  overpressure  is  required.  Two  mixing- 
related  mechanims  have  traditionally  been  considered  to  have  the  potential  to 
generate  the  additional  overpressure:  1)  exsoliition  of  volatiles  from  the  felsic 
magma  during  forced  convection,  and  2)  exsolution  of  volatiles  from  the  mafic 
magma  by  oversaturation  during  cooling  and  subsequent  crystallization.  Our 
calculations  suggest  that  exsolution  of  volatiles  from  the  felsic  magma  is  not  an 
effective  mechanism  to  generate  additional  overpressure.  However,  significant 
overpressuere  can  be  achieved  by  volatiles  exsolution  from  the  mafic  magma  during 
its  cooling  and  crystallisation.  The  time  scale  Iretween  intrusion  and  eruption 
considered  in  our  model  is  of  the  order  of  a  few  days  to  a  few  months,  which 
coincides  with  petrological  and  geophysical  evidence  obtained  from  magma  mixing 
related  eruptions.  We  also  suggest  that  replenishment  of  shallow  felsic  magma 
chambers  by  mafic  magma  in  most  cases  does  not  lead  to  large  scale  mixing,  as 
eruption  will  occur  before  thermal  equilibrium  between  the  two  magmas  is  reached, 
so  that  density  and  viscosity  contrasts  between  the  two  magmas  will  remain 
significant. 


GROUND  DEFORMATION  IN  A  VISCOELASTIC  MULTI¬ 
LAYERED  SYSTEM.  A  COMPARATION  BETWEEN 
ANALYTICAL  AND  NUMERICAL  SOLUTIONS  FOR  POINT 
AND  EXTENDED  SOURCES 

J.  Fernandez  (1),  A.  Folch  (2),  J.  B.  Rundle  (3),  J.  Marti  (2) 
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Spain.  (3)  CIRES,  University  of  Colorado  at  Boulder,  Colorado,  USA. 

Analytical  solutions  for  the  displacement  and  stress  fields  caused  by  a 
point  source  magma  intrusion  in  a  multi-layered  viscoelastic  medium 
are  obtained  for  different  crustal  rheologies.  Numerical  results  for  an 
extended  source  in  the  same  viscoelastic  multi-layered  system  are  also 
obtained  using  a  Finite  Element  Method.  In  both  cases,  the  elastic 
solutions  are  used,  together  with  the  correspondence  principle  of  linear 
viscoelasticity,  to  give  the  solution  in  the  Laplace  transform  domain. 
Viscoelastic  solutions  in  the  time  domain  are  obtained  by  inverting  the 
Laplace  transform  using  the  Prony  series  technique.  Differences 
between  point  and  extended  sources  of  pressure  are  considered. 


MAGMA  CHAMBER  DYNAMICS  IN  THE  XX  CENTURY  AT 
STROMBOLI  VOLCANO,  ITALY:  CONTRIBUTIONS  FROM 

MINERALOGICAL,  CHEMICAL  AND  ISOTOPE  DATA 


L.  Francalanci  (1),  S.  Tommasini.  (2,3),  S.  Conticelli  (1),  G.R.  Davies  (3) 

(1)  Dipartimento  di  Scienze  della  'Terra  and  (2)  Dipartimento  di  Scienza  del  Suolo 
e  Nutrizione  della  Pianta,  University  of  Florence,  Italy,  toihs@cesitl.unifi.it  (3) 
Faculteit  der  Aardwetenscbappen,  Amsterdam,  The  Netherland. 

Since  at  least  2000  years,  Stromboli  volcano  is  characterised  by  a  persistent  and 
moderate  explosive  activity  erupting  dark  scralae,  bombs,  lapilli  and  ash.  This  is 
periodically  broken  by  eruptive  crises,  including  either  lava  eruptions,  or  much 
more  violent  explosions  during  which  highly  vesciculated  pomiceous  scoriae  are 
also  erupted.  Rocks  are  shosbonitic  and  higb-K  caic-alkaline  basalts.  Dark  scoriae 
and  lavas  are  highly  porphyritic  and  have  more  evolved  compositions  than 
pomiceous  scoriae,  which  are  nearly  aphyric.  Petrographic,  mineralogical  and 
chemical  data  indicate  a  general  relatively  high  P  of  magma  crystallisation,  and 
higher  P  and  T  for  magma  of  pomiceous  scoriae  than  that  of  lavas  and  dark  scoriae. 
Sr  isotope  ratios  of  lavas  and  dark  scoriae  erupted  during  this  century  exhibit  a 
constant  value  for  about  80  years  (0.70626±1,  2  s.e.),  followed  by  a  smooth  but 
significant  decrease  starting  some  time  around  1980  and  averaging  about  6.10'‘ 
"^Sr/'^Sr  per  year.  "Sr/“Sr  values  of  pomiceous  scoriae  are  lower  than'the  previous 
ones,  and  do  not  appear  to  have  a  time  dependent  covariation.  These  data,  together 
with  chemical  data  of  glass  and  minerals  and  magma  flux  estimates,  suggest  the 
recurrent  arrivals  of  mafic  magmas  in  a  shallow  reservoir,  which  started,  some  time 
around  1980,  to  be  fed  by  a  magma  with  "Sr/’^Sr  of  the  pomiceous  scoriae.  They 
have  also  allowed  to  estimate  a  rapid  magma  residence  time  (10<T  <23  y.)  and  a 
small  volume  of  magma  chamber,  ranging  from  >10'^  to  <10''  km’. 
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A  NXMERICAL  MODEL  FOR  TEMPORAL  VARIATIONS  DURING 
EXPLOSIVE  CENTRAL-VENT  ERUPTIONS 

A.  Folch  (1),  J.  Marti  (1),  R.  Codina  (2) 

(1)  Institute  of  Earth  Sciences  Jaume  Almera  (CSIC),  Barcelona,  Spain.  (2) 
International  Center  for  Numerical  Methods  in  Engineering  (CIMNE-UPC), 
Barcelona,  Spain. 

An  axisymmetrical  numerical  model  has  been  developed  in  order  to  find  the 
temporal  evolution  of  pressure,  the  position  of  the  exsolution  level,  the 
velocity  field,  the  eruption  rate  and  the  amount  of  erupted  material  of  a 
shallow,  volatile-rich,  felsic  magma  chamber  during  a  plinian  central  vent 
eruption.  The  overpressure  necessary  to  trigger  the  eruption  is  assumed  to 
result  from  crystallization-driven  volatile  oversaturation.  We  solve  the 
resulting  set  of  equations  using  a  Finite  Element  Method.  The  results 
obtained  show  that  the  pressure  at  the  conduit  entrance  decreases 
exponentially  as  the  eruption  proceeds.  This  produces  a  shifting  of  the 
exsolution  level,  so  that  deeper  parts  of  the  chamber  become  progressively 
volatile  oversatiirated  during  the  eruption.  We  assess  the  influence  of 
chamber  geometry  and  the  physical  properties  of  the  magma  on  the 
computed  parameters  using  several  numerical  examples. 


MAGMA  ASCENT  RATE  AND  MELT-VAPOR  EQUILIBRIUM  IN 
RHYOLITIC  MELTS 

J.E.  Gaidnef  (2),  M.  Hilton  (1)  and  M.  R.  Carroll  (h 

(1)  Dept  of  Geology,  Bristol  University,  (2)  Geological  Sciences,  Brown 

University:  mike.carroll@bristol.ac.uk 

Rapid  ascent  of  hydrous  magma  can  result  in  its  arrival  at  near-surface  conditions 
in  a  state  of  supersaturation,  possibly  leading  to  explosive  eruption.  We  have 
performed  controlled  decompression  experiments  to  investigate  the  ascent  rates 
required  to  maintain  bubble-melt  equilibrium.  Rhyolitic  melts,  saturated  with  water 
at  200  MPa,  825'’C  were  decompressed  at  constant  rates  of  0.025  to  1 .0  MPa  s"', 
and  then  rapidity  quenched.  Decompression  at  0.025  MPa  s'*  allows  melt-vapor 
equilibrium  to  be  maintained  (200-80  MPa).  One  bubble  nucleation  event  occurred 
and  quenched  bubble  sizes  are  markedly  smaller  than  predicted  from  parabolic 
growth  models.  We  interpret  this  to  reflect  interactions  between  adjacent  growing 
biibbies  and  bubble  size  is  strongly  influenced  by  bubble  number  density.  At 
faster  decompression  rates,  meits  could  not  degas  in  equilibrium  when  pressure 
decreased  from  200  MPa  to  140  MPa,  and  water  supersatutation  (AP)  in  melt 
reached  30  to  60  MPa,  with  higher  values  at  faster  decompression  rates.  Further 
pressure  reiease  resuited  in  near  equilibrium  degasing  and  AP  decreased.  In  each 
case,  AP  decreased  when  bubbles  exceeded  -10  vol.9Ei.  Bubbles  nucleated  in 
experiments  have  mean  size  smalier  than  that  predicted  from  equiiibrium  degassing 
and  number  density  increases  with  decompression  rate.  In  explosive  eruptions, 
decompression  rates  may  exceed  those  investigated  and  melts  may  become 
supersaturated.  However,  such  fast  decompressions  are  expected  only  for  highly 
vesicular  magma,  which  would  aid  approach  to  equilibrium  degassing. 


RADON  LOSS  FROM  MAGMAS:  DEGASSING  MECHANISMS 
AND  CONSEQUENCES  ON  ”‘Ra-*‘’Pb  DISEQUILIBRIA  IN  LAVAS 

P-J.  Gauthier  and  M.  Condotnines 

Univ.  B.  Pascal  /  CNRS  -  UMR  6524,  Clermont-Fd,  France. 

gauthier@opgc.univ-bpclermont.fr  Fax:  33-4-73-34-67-44 

EC  Contract  ENV4-CTV6-0259.  Co-ordinator:  J.  Marti.  CSIC,  Barcelona,  Spain 

There  are  strong  evidences  that  freshly  erupted  lavas  have  partly  or  totally  lost  their 
radon  (e.g.  Sato  and  Sato,  Nature,  1977;  Gill  et  al.,  GRL,  1985).  In  order  to 
constrain  radon  loss  from  hot  magmas,  high  temperature  (1350-1500  °C) 
experiments  under  atmospheric  pressure  have  been  undertaken  to  study  the  behaviour 
of  radon  in  a  natural  anhydrous  andesitic  melt.  Radon  loss  was  measured  by  gamma 
spectrometry,  through  its  short-lived  daughters  ^''Pb  and  *'*Bi,  briefly  after  the  end  of 
the  experiments.  Preliminary  results  indicate  that  the  diffusion  of  radon  is  too  slow 
at  magmatic  temperatures  to  explain  its  loss  from  the  magma.  A  major  gas  phase 
vector  (e.g.  H2O)  is  needed  to  efficiently  extract  radon  from  hot  magmas. 

Since  the  most  abundant  radon  isotope  ,“^Rn,  is  located  between  “Ra  and  ’"’Pb  in 
the  natural  decay  chain  of  “*U,  the  influence  of  radon  loss  on  ^'Tb-^Ra 
disequilibria  in  recent  lavas  of  active  volcanoes  has  been  investigated,  using  a 
dynamic  degassing  model.  Measurements  of  ’'"Pb-^^Ra  disequilibria  at  both 
Stromboli  (Italy)  and  Merapi  (Indonesia)  volcanoes  emphasize  the  different  dynamics 
of  their  magma  chambers  reflected  in  their  contrasted  eruptive  behaviour  high 
renewal  rate  of  the  magma  at  Stromboli  and  short  periods  of  more  or  less  closed 
system  evolution  at  Merapi. 


RADIONUCLIDE  CONSTRAINTS  ON  SHALLOW  DEGASSING 
PROCESSES  AT  STROMBOLI  VOLCANO 

P-J.  Gauthier  '•’ ,  M-F.  Le  Cloarec  * ,  M.  Condomines  '  and  M.  Pennisi  ’ 

1)  Univ.  B,  Pascal  /  CNRS  -  UMR  6524,  Clermont-Fd,  France;  2)  CFR  /  CNRS  - 
CEA,  GifA'vette,  France;  3)  IGGI  /  CNR,  Pisa,  Italy. 
gauthier@opgc.univ-bpclermont.ff  Fax:  33-1-73-34-67-44 

EC  Contract  ENV4-CT96-0259.  Co-ordinator:  J.  Marti.  CSIC,  Barcelona,  Spain 

Radon  daughters  (^'‘’Pb,  *'”Bi  and  ^'°Po)  are  highly  enriched  in  volcanic  aerosols  and 
can  be  used  as  tracers  of  magma  degassing.  We  present  here  data  on  radionuclide 
contents  measured  in  the  Stromboli  plume  since  1985.  Because  of  the  very  low 
volcanic  activity  in  October  1996,  we  were  able  for  the  first  time  to  separately 
sample  each  crater  plume,  remote  sampling  of  the  bulk  plume  being  also  performed. 
These  data  show  that:  1)  the  plume  is  not  affected  by  drastic  (Po/Pb)  and  (Bi/Pb) 
variations  within  the  first  few  hundred  meters  from  its  source,  ensuring  the  validity 
of  remote  sampling  when  the  activity  does  not  allow  to  approach  the  active  craters; 

2)  there  is  no  differentiation  of  gases  from  a  crater  to  another  suggesting  that  the 
geometry  of  the  feeding  system  of  the  volcano  is  rather  simple,  gases  being  directly 
emitted  from  a  shallow  magmatic  chamber  without  significant  cooling  inside  the 
edifice.  Following  the  previous  concept  developed  by  Lambert  et  al.  (EPSL,  1986), 
we  propose  a  dynamic  model  of  degassing  taking  into  account  the  variations  of 
radionuclide  contents  and  ratios  observed  since  1985.  This  model  allows  to  constrain 
several  parameters  related  to  the  volcanic  activity  such  as  the  escaping  time  of  gases 
from  the  chamber,  the  residence  time  of  the  magma  and  the  volume  of  the  reservoir. 


LARGE  EXPLOSIVE  ERUPTIONS  IN  ICELANDIC  CENTRAL 
VOLCANOES 

Agust  Gudmundsson  (1),  Gudnm  Larsen  (2) 

(I)  Geological  Institute,  University  of  Bergen,  N-5007  Bergen,  Norway,  (2) 
Science  Institute,  University  of  Iceland,  IS-107  Reykjavik,  Iceland 
agust.gudmundsson@geoI.uib.no 

Large  eruptions  in  Iceland,  which  may  reach  10-20  cubic  kilometres  in 
eruptive  volumes,  are  either  efiusive  and  producing  basaltic  lava,  or 
explosive  and  producing  acid  pyroclastics.  Most  large  basaltic  lava  flows  are 
erupted  outside  central  volcanoes,  whereas  most  large  explosive  emptions 
occur  inside  them.  We  propose  that  explosive  eruptions  in  Icelandic  central 
volcanoes  are  driven  by  sudden  gas  expansion  in  the  shallow  source  chamber 
of  the  volcano.  We  also  suggest  that  the  sudden  gas  expansion  may  occur  as  a 
result  of  decompression  of  part  of  the  chamber,  either  during  slip  on  a 
caldera  fault  or,  for  a  partly  molten  chamber,  because  of  rapid  increase  in 
porosity  (due  to  dilatancy)  and  associated  temporary  drop  in  magmatic 
pressure  when  the  chamber  is  subject  to  shear  stress.  The  reduced  magmatic 
pressure  can  result  in  explosive  bubble  growth  in  the  uppermost  part  of  the 
chamber  and,  consequently,  can  generate  an  excess  fluid  pressure  fliat  is  high 
enough  to  drive  out  large  volumes  of  magma  from  medium-sized  magma 
chambers. 


THE  TIMESCALES  OF  MELT  GENERATION  AND  DIFFERENTIATION: 
EVIDENCE  FROM  U-SERIES  ISOTOPES 

C.T.  Hawkgsworth.  L.  Thomas,  S.P.  Turner,  G.  Zellmer  and  P.  van  Calsteren 
Department  of  Earth  Sciences,  The  Open  University,  Milton  Keynes,  MK7 
6AA,  UK.  L.E.Thomas@open.ac.uk 

New  U-Th-Ra  isotope  results  are  presented  from  recent  eruptions  on  ttre 
islands  of  Larrzaote  and  Tenerife  in  the  Canaries,  and  Santorini.  Those 
from  Lairzarote  have  some  of  the  most  prirrutive  compositions  found  on 
oceanic  islands  with  MgO  =  10.7-12.6%,  restricted  Sr,  Nd  and  Pb  isotopes, 
displaced  towards  the  HIMU  OIB  field.  Teide-Pico  Viejo  on  Tenerife  is  a 
large  stratovolcano  with  silica  varying  from  42.2  to  59.9%  and  MgO  =  0.34- 
11.26%.  (230Th/238u)  =  1.06-1.81  on  Lanzarote  and  1.004-139  on  Tenerife. 
Rocks  younger  than  StXKI  years  old  show  226Ra  excesses.  The  Lanzarote 
rocks  preserve  striking  trace  element  arrays  that  reflect  magma  mixing 
processes  which  appear  to  have  persisted  for  several  thousand  years.  The 
end-member  compositions  have  been  modelled  as  -1  and  5%  melts,  with 
the  smaller  degree  melts  generated  at  greater  depths,  and  the  melt 
generation  rates  were  approx  5*l(Hkg.m-3yr-l.  U-scries  isotope  variations 
in  Atlantic  OIB  indicate  that  melt  generation  rates  primarily  reflect  the 
dynamics  of  upwelling  plume,  rather  than  variations  in  the  age  and 
thickness  of  the  oceanic  lithosphere.  The  (230Th/238u)  results  for  the 
Teide-Pico-Viejo  rocks  reflect  signficant  crustal  residence,  and  one  sequence 
of  closed  system  of  basalt  to  phonolite  differentiation  may  have  taken 
-200  Ka. 
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GEOMETRY,  MORPHOLOGY  AND  FORMATION  OF  HOLOCENE 
CRATER  ROWS  IN  ICELAND 

Gudrun  Larsen  (1),  Agust  Gudmundsson  (2) 

(1) -Science  Institute,  University  of  Iceland  IS- 107  Reykjavik,  Iceland,  (2) 
Geological  Institute,  University  of  Bergen,  N-5007  Bergen,  Notify 

Hundreds  of  crater  rows  are  found  within  die  volcanic  zonesvof  Iceland. 
Some  of  the  eraptive  fissures  are  tens  of  kilometres  long,  with  as  many  as 
hundred  individual  crater  cones.  Around  20  emptive  fissures  occur  in  the 
Veidivatn  Fissure  Swarm,  which  forms  die  southern  part  of  the  Bardarbunga 
Volcanic  System  in  S-Iceland.  These  include  the  volcanic  fissures  formed  in 
the  eraptions  of  VatnaSldur  871AD  and  VeidivStn  1480AD.  These  fissures 
are  discontinuous,  but  their  lengths  exceed  6S  km,  making  them  two  of  the 
longest  volcanic  fissures  in  Iceland.  The  trace  of  each  fissure  is  marked  by 
tens  of  crater  cones  made  of  ash,  scoria  and/or  spatter,  forming  rows  of 
different  lengths.  All  crater  rows  initiate  fi-om  short,  offset  segments  that 
during  emptions  propagate  laterally  and  link  up  into  longer  segments.  We 
propose  a  model,  based  on  observations  of  crater  rows  and  dykes,  as  well  as 
on  theoretical  studies,  as  to  how  the  segments  link  up  during  the  formation  of 
crater  rows.  The  results  indicate  that  most  segments  propagate  as  pure 
extension  fiactures,  and  that  the  way  they  overlap  or  coalesce  depends  on  the 
controlling  stress  field. 


DYKE  EMPLACEMENT  IN  SHIELD-STAGE  FORMATIONS 
OF  TENERIFE 

Laura  B.  Marinoni  (1)  and  Agust  Gudmundsson  (2).  (1)  Dipartimento 
dt  Scienze  della  Terra,  Milano,  Italy.  (2)  Nordic  Volcanological 
Institute,  Reykjavik,  Iceland 

A  structural  field  study  was  performed  on  578  sheet  intrusions  and  153 
foults  affecting  Anaga  and  Teno  Massifo,  where  a  complex  volcanic 
succession  of  Tertiary  age  representing  the  shield>st^e  of  Tenerife 
(Caitary  islands)  crops  out.  The  intrusions  are  mostly  subvertical  mafic 
dykes,  often  en^laced  by  multiple  injection,  and  whose  total  thickness 
is  usually  less  than  2m.  A  geometrical  classification  is  proposed  for 
dyke  tips,  which  are  exposed  and  preserved  in  12%  of  mtrusions. 
Three  dl^rently  oriented  sets  of  dykes  exist  tn  Anaga  Massif  (NNE* 
SSW,  E-W.  NNW-SSE),  while  a  dominant  set  trending  NNW-SSE  is 
found  in  Teno.  Dyke  swarms  and  other  structural  features  having 
similar  orientations  exist  also  in  other  islands  of  the  archipelago(l).  A 
minimum  value  of  the  horizontal  component  of  extension  induced  by 
sheet  intrusion  is  computed  using  a  step  of  5^  of  azimuth  and 
accounting  aiso  for  the  dip  of  dykes.  The  values  found  are  at  least  300 
m  ('^%)  in  Anaga  and  270  m  (‘^%)  in  Teno;  in  the  two  Massifo  the 
maximum  peak  corresponds  to  a^uths  N75*  and  NfiO"  respectively, 
indicating  a  general  prevailing  extension  in  direction  ENE>WSW. 
Preliminary  computation  of  paleostress  geometry  from  inversion  of 
fault-slip  data  sets  suggests  the  existence  of  a  polyphase  brittle 
deformation  due  to  an  extensional  stress  field  with  imnimum 
'compression  principal  axis  trending  NE-SW  and  WNW-ESE. 

(!)  Marinoni  LB  &  Pasquaii  G.  1994.  Tectonophysics,  239:  1 11-135 


COLLAPSE  CALDERAS  DEVELOPED  ON  STRIKE-SLIP  FAULTS 

J.  Marti  fl),  C.  Soriano  (1),  E.Turon  (1)  and  J.  G.  Viramonte  (2).  Institute  ol 
Earth  Sciences  “Jaume  Almera”,  CSIC,  Lluis  Sole  Sabaris  s/n,  08028 
Barcelona,  Spain.  joan.marti(^ija.csic.es/  Fax:  34-3-4110012.  (2)  Catedra  de 
Petrologia,  Universidad  Nacionalde  Salta,  Buenos  Aires,  177.  4400  Salta, 
Argentine 

The  distribution  and  geometry  of  large  collapse  calderas  are  strongly 
influenced  by  pre-existing  regional  tectonics.  Several  well  documented 
examples  of  collapse  calderas  show  how  parts  of  the  caldera  margins 
coincide  with  regional  faults,  with  the  calderas  being  in  most  cases  elongated 
along  the  main  faulting  trend.  The  association  of  large  collapse  calderas  and 
strike-slip  faults  is  rather  common  in  continental  areas.  Such  is  the  case  in  the 
Central  Andes,  where  the  location  and  dynamics  of  most  of  the  Upper 
Miocene  calderas  have  been  controlled  by  regional  tectonics,  dominated 
mainly  by  strike-slip  faulting.  Four  large  caldera  structures,  Coranzuli,  Aguas 
Calientes,  Cerro  Galin  and  Farallon  Negro,  are  located  at  the  intersection  of 
the  eastern  end  of  major  NW-SE  strike-slip  fault  systems  with  N-S  trending 
regional  faults.  We  propose  that  strike-slip  faulting  creates  local  extensional 
tectonics  that  allow  silicic  magmas  to  ascend  and  acumulate  in  shallow, 
large-volume,  unzoned,  magma  chambers.  Caldera  formation  occurs  in  a 
single  event,  with  the  eruption  of  large  volumes  of  silicic  magma  first  along 
the  strike-slip  fault  which  behaves  as  a  normal  fault  during  caldera  collapse, 
and  then  from  a  ring  fault  system  which  propagates  from  the  strike-slip  fault. 


FIELD,  EXPERIMENTAL  AND  NUMERICAL  COMPARISON 
BETWEEN  ANDEAN  TYPE  AND  OCEAN-ISLAND  TYPE 
COLLAPSE  CALDERAS 

J.  Marti  and  E.  TunSn.  Institute  of  Earth  Sciences  “Jaume  Almera”,  CSIC, 
Lluis  Sole  Sabaris  s/n,  08028  Barcelona,  Spain  joan.marti@ja.csic.es/Fax:  - 
34-3-4110012. 

Collapse  calderas  include  volcanic  depressions  formed  by  vertical  collapse  of 
the  roof  a  magma  chamber,  either  along  well-defined  ring  faults  or  piecemal, 
without  well-defined  bounding  faults.  Two  extreme  types  of  collapse 
calderas  can  be  identified  from  the  contrasting  structural  characteristics  of 
«)me  Andean  and  ocean-island  calderas.  Andean  calderas  tend  to  form  in  a 
single  explosive  event,  are  associated  with  the  eruption  of  hundreds  to 
thousands  of  km^  of  silicic  ignimbrites,  and  do  not  show  evidence  of  long 
periods  of  volcanic  activiy  previous  to  the  caldera-  forming  event.  Formation 
of  Andean-type  caldeas  affects  large  areas  and  their  associated  products  rest 
directly  on  the  pre-caldera  basement.  Ocean-island  calderas  are  genetically 
related  to  pre-existing  volcanic  edifices  and  tend  to  form  after  long  periods  of 
volcanic  activity,  which  may  involve  the  eruption  of  both  mafic  and  felsic 
magmas,  and  several  previous  caldera  forming  episodes.  Field,  experimental 
and  numerical  studies  have  been  undertaken  in  order  to  investigate  the 
differences  between  these  two  types  of  collpase  calderas  and  to  understand 
their  internal  structure  and  the  mechanics  of  their  formation. 


OVERLAPPING  COLLAPSE  CALDERAS 


MAGMA  CHAMBER  EVOLUTION  INFERRED  FROM  CPS  GEODESY  OF 
SOUFRIERE  HILLS  VOLCANO,  MONTSERRAT 
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joan.marti(^ija.csic.es/Fax:  -34-3-4110012.  (2)  Nordic  Volcanological 
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The  surface  geometry  of  most  collapse  calderas  is  simple;  they  are  bounded 
by  circular  or  slightly  elliptical  ring  faults.  Many  volcanic  regions,  however, 
contain  several  overlapping  calderas,  giving  rise  to  considerably  more 
complex  surface  geometries  than  single  calderas.  Using  the  results  of  field 
observations,  experimental  analogue  models  and  numerical  studies,  we 
propose  that  the  formation  of  overlapping  calderas  is  related  to  the  migration 
of  the  associated  source  magma  chamber.  Our  model  implies  that  each 
collapse  of  an  overlapping  caldera  partly,  or  completely,  destroys  the  existing 
magma  chamber.  This  destruction  leads  to  changes  in  the  local  stress  field 
which  favour  the  formation  of  a  new  chamber  to  either  side  of  the  previous 
one,  resulting  in  magma-chamber  migration.  Field  data  indicate  that  the  time 
from  magma-chamber  initiation  to  collapse  and  its  migration  to  either  side  of 
the  previous  one  ranges  from  0. 1-l  Ma. 


Global  Positioning  System  (GPS)  geodesy  of  six  sites  proximal  to  the  Soufriere  Hills 
volcano,  Montserrat  obs^ed  from  October,  1995  to  September,  1996  show  non-axially 
^metric  horizcmtal  displacements,  and  decreasing  subsidence  as  a  fiincticxi  of  radial 
distance  from  the  former  topographic  high  of  the  volcanic  edifice.  Foward  elastic  and 
finite  clement  models  suggest  that  the  surface  defcxination  is  caused  by  an  -1  m  wide, 
shallow  NW-trending  vertical  dike  and  a  deflating  Mogi  point  source  at  about  6  km 
dq>th,  in  good  agreement  with  independent  observations  of  regional  dike  widths  and 
pre-emption  magma  storage  depth.  For  this  period,  the  surface  deformation  field  is 
best-fit  with  a  AV  of -14  x  10^  m^  from  the  Mogi  source  and  transfer  of -10  per  cent  of 
this  volume  into  the  upper  crust  facilitating  dike  growth.  The  calculated  AV  is  -1/2  the 
cfoserved  cumulative  volume  of  the  andesitic  dome  up  to  late  July  1996.  This  difference 
may  reflect  the  additiim  of  magma  to  the  chamber  at  6  km  from  a  deeper  source  over  the 
observation  period. 

In  July  1996,  eight  stations  were  added  to  the  network,  including  two  continuously 
operating  sites  on  the  SW  and  NE  flanks  of  the  volcano.  14  sites  now  have  between  6 
and  25  months  of  accumulated  observations.  Data  from  continous  sites  display 
variations  outside  error,  which  correlate  with  rapid  dome  growth,  collapse,  and 
pyroclastic  flow  generation  suggesting  a  fundamen^I  iink  between  surface  deformation 
as  measured  by  GPS  geodesy  and  magma  chamber  dynamics. 
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MAGMA  TRANSPORT  IN  DIKE  SWARMS 
T.  Menand  and  S.  Tait 

Institut  dc  Physique  du  Globe  de  Paris,  4  place  jussieu,  75252  Paris  cedex  05, 
France. 

Magma-filled  fractures  are  the  dominant  mechanism  for  magma  transport 
through  the  Earth’s  lithosphere.  These  fissures  are  grouped  in  swarms  and 
are  thought  to  be  fed  from  a  large  magmatic  reservoir.  We  investigate  dike  ini¬ 
tiation,  propagation  and  interaction  using  two  types  of  laboratory  experiments. 
Dike  initiation  is  studied  through  the  instability  between  an  upper  elastic  brit¬ 
tle  layer  and  a  lower  buoyant  fluid.  The  initial  topography  of  the  interface  prior 
to  instability  is  found  to  be  Of  crucial  importance  in  the  onset  of  the  instability. 
This  result  emphasizes  that  the  initiation  of  the  fractures  cannot  be  neglected 
in  models  of  their  subsequent  propagation.  To  investigate  fracture  propagation 
and  interaction,  dikes  are  simulated  by  injecting  dyed  liquid  of  different  densi¬ 
ties  and  viscosities  from  a  large  reservoir  at  the  base  of  a  plexiglass  tank  filled 
with  solidified  gelatin.  A  constant  pressure  is  maintained  in  the  reservoir  and 
the  initial  state  of  stress  in  gelatin  is  hydrostatic.  Dike  interactions  occur  as  a 
result  of  the  elastic  stresses  generated  during  the  propagation.  The  stiffer  the 
solid  the  stronger  and  longer  range  eu‘e  the  interactions.  During  the  propaga¬ 
tion  of  a  crack  filled  with  constant  source  pressure  and  in  which  the  dominant 
resistance  to  propagation  is  fracture  at  the  tip,  we  find  that  the  flux  increases 
during  the  early  stages  of  the  propagation  after  which  it  is  nearly  constant. 
Additional  experiments  will  further  examine  the  relationship  between  the  flux, 
the  velocity  of  propagation  and  the  viscous  effects. 


'EASY'"  HOMOGENEOUS  BUBBLE  NUCLEATION  IN  HYDROUS 
RHYOLITIC  MELTS 

C.  C.  MOURTADA-BONNEFOI  AND  D.  LAPQRTE 

(CNRS,  UMR  6524,  Univ.  Blaise  Pascal,  5  rue  Kessler,  F-63038,  Clermont- 
Ferrand  Cedex,  France;  bonnefoi,  laporte@opgc.univ-bpclermont.fr) 

To  determine  the  conditions  of  homogeneous  bubble  nucleation  in  hydrous 
rhyolites,  we  performed  isothermal  decompression  experiments  in  an  externally- 
heated  pressure  vessel.  Cylinders  of  microlite-free  rhyolitic  glass  containing  4.5  or 
7  wt  %  HjO  were  first  equilibrated  at  800  and  a  pressure  above  the  water 
saturation  pressure  («  230  MPa  at  7  wt  %  HjO  and  130  MPa  at  4.5  wt  %  HjO). 
Pressure  was  then  rapidly  decreased  to  a  value  P^  ^  P^  and  held  constant  for 
2  mins.  The  experiments  were  terminated  by  an  isobaric  quench  at  a  rate  of  200 
®C/s.  Two  contrasted  behaviors  were  observed  depending  on  Pj.  at  high  values  of 
the  samples  showed  a  bubble-free  c^re;  at  lower  values  of  P^,  homogeneous 
nucleation  occurred  in  the  core  of  the  sample  giving  rise  to  a  large  number  of 
bubbles,  identical  in  size,  and  with  an  uniform  spatial  distribution.  The  striking 
result  is  that  homogeneous  nucleation  occurred  at  relatively  high  pressures:  »  200 
MPa  for  glasses  with  7  wt  %  HjO,  between  60  and  100  MPa  for  glasses  with  4.5 
wt  %  H3O.  The  relative  ease  of  homogeneous  nucleation  in  our  experiments  (by 
comparison  with  the  predictions  of  the  classical  theory  of  nucleation  for  pure 
water)  is  presumably  due  to  the  effects  of  volatiles  other  than  water  (CO,,  N,) 
present  in  the  starting  material.  Our  results  suggest  that  homogeneous  nucleation 
may  play  a  major  role  in  the  vesiculation  of  ascending  rhyolitic  melts. 


LABORATORY  MEASUREMENT  OF  THE  ELASTIC  AND 

FRACTURE  PROPERTIES  OF  LAVAS 

F.  Mulargia  ,  D.  Bonazza,  G.  Gonzato  and  M.  Ciccotti 

Dipartimento  di  Fisica,  Settore  di  Geofisica,  Universita  di  Bologna,  viale  Berti 

Pichat  8,  Bologna,  40127  Italy  . 
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The  elastic  and  fracture  properties  for  a  variety  of  lava  specimens  from  Etna 
volcano  have  been  iheasured  by  optimizing  several  experimental  aspects.  As 
regards  the  measurement  of  the  elastic  constants,  the  repeated  ultrasonic  pulse 
technique  has  been  combined  with  signal  ampliflcation  and  stacking  to  further 
reduce  noise.  An  unprecedented  overall  accuracy  of  less  than  1%  has  been 
attained,  while  anisotropies  are  found  to  account  for  a  few  percent.  The  double 
torsion  load  relaxation  method  has  been  employed  on  a  specially  designed  very 
stiff  machine  to  measure  the  fracture  properties  in  terms  of  stress  intensity 
factor-crack  velocity  {Kj-v)  data.  The  latter,  measured  at  carefully  controlled 
STF  and  humidity  conditions,  exhibit  well-deflned  fracture  propagation  regions 
I,  II  and  III.  Measured  on  a  wide  range  of  samples  and  on  a  large  number 
of  data  points,  the  slope  and  the  position  of  the  stress  intensity  factor-crack 
velocity  curves  exhibit  a  small  scatter,  unlike  other  instances  of  application  of 
the  double  torsion  load  relaxation  method  in  the  literature.  The  consistency 
of  these  results,  typically  within  a  few  percent,  suggests  that  also  fracture 
parameters  can  be  measured  with  an  accuracy  adequate  to  effectively  use  them 
for  modeling  purposes. 


THE  INTERPLAY  OF  MECHANICAL  AND  THERMO-FLUID 
DYNAMICAL  SYSTEMS  DURING  UNREST  EPISODES  IN  CALDERAS: 
THE  CAMP!  FLEGREl  CALDERA  GTALY)  CASE 

G.  Orsi  (1),  S.M.  Petrazzuoli  (1)  and  K.  Wohletz  (2) 

(1)  Osservatorio  Vesuviano,  Naples,  (2)  Los  Alamos  National  Laboratory,  Los 
Alamos 

orsi@dgvna.dgv.unma.it 

The  Campi  Flegrei  caldera  (CFc)  is  a  resurgent,  nested  structure  resulting  from  two 
main  collapses  related  to  the  Campanian  Ignimbrite  (37  ka)  and  the  Neapolitan 
Yellow  Tuff  (12  ka)  eruptions.  While  the  structure  is  affected  by  a  broad 
subsidence,  ongoing  local  resurgence  and  unrest  occur  inside  the  young,  nested 
caldera  structure.  The  caldera  has  shown  signs  of  unrest  during  the  past  30  years, 
with  short-term  deformations  that  have  generated  a  net  uplift  of  3.5  m. 

We  have  performed  a  mechanical  modeling  of  the  monitored  ground  deformation 
through  time.  The  modeling,  carried  out  by  using  a  3D  (axisymmetric)  finite 
elements  method,  takes  into  account  the  presence  of  an  active  geothermal  system  at 
shallow  depth.  The  model  includes  a  central  and  a  peripheral  zone.  The  central 
zone  which  represents  the  resurgent  block,  has  high  permeability,  while  the 
peripheral  zone  which  represents  the  caldera  floor,  is  less  permeable.  The  obtained 
results  are  able  to  explain  some  peculiar  characteristics  of  both  ground  deformation 
and  seismicity.  In  particular  the  ground  subsidence  is  expalined  by  lateral  diffusion 
of  fluids.  This  hypothesis  accounts  for  both  lack  of  seismicity  and  variable 
deformation  stile  inside  and  outside  the  resurgent  block,  during  subsidence. 


PHONOLITIC  DIKES  AT  THE  LAS  CANADAS  CALDERA 
(TENERIFE,  CANARY  ISLANDS):  CONSTRAINTS  ON  THE 
GEOMETRY  AND  LOCATION  OF  SHALLOW  MAGMA 
CHAMBERS 

F.  Resta,  J.  Marti  and  E.Turon.  Institute  of  Earth  Sciences  “Jaume  Almera", 
CSIC,  Lluis  Sole  Sabaris  s/n,  08028  Barcelona,  Spain.  joan.maTti@ija.csie.es/ 
Fax;  34-3-4110012. 

The  Las  Canadas  caldera  is  a  multicycllc,  composite  depression  resulting 
from  a  complex  sequence  of  vertical  collapse  events  associated  with  the  long 
history  of  phonolitic  explosive  activity  in  the  central  part  of  Tenerife.  Several 
generations  of  phonolitic  dikes,  including  radial,  vertical  concentric  dikes 
and  cone  sheets,  are  exposed  in  the  caldera  wall.  A  total  of  324  dikes  have 
been  investigated  in  the  field  in  order  to  perform  a  statistical  analysis  of  their 
distribution  and  characteristics.  The  results  of  this  study  indicate  that 
different  magma  chambers  were  responsible  for  generating  these  phonolitic 
intrusions,  confirming  previous  geological  interpretations  of  the  evolution  of 
the  Las  Cahadas  caldera.  A  NE-SW  regional  tectonic  trend  is  also  interpreted 
to  have  influenced  the  distribution  of  dikes  and.  consequently,  the  formation 
of  the  caldera.  Several  numerical  models,  using  finite  element  programs,  of 
magma  chambers  with  different  geometries  under  different  regional  stress 
regimes,  have  been  developed  in  order  to  characterise  the  (local  and  regional) 
stress-fields  necessary  to  produce  the  observed  distribution  of  phonolitic 
dikes  in  the  Las  Canadas  Caldera.  In  addition,  several  features  of  magma 
chamber  evolution  and  dike  injection  have  been  deduced  theoretically  from 
this  study. 


PHASE  EQUILIBRIA  OF  Na-RICH  PHONOLITES  FROM 
MONTANA  BLANCA,  TENERIFE. 

PJ.  Rouse  and  M.R.  Carroll 

CETSEI,  Dept  of  Geology,  University  of  Bristol,  BS8  IRJ 
p.FOuse@brisiol.ac.uk,  inike.carroll@bristol.ac.uk 

The  2020Bp  eruption  of  MontSna  Blanca,  Tenerife  produced  a  series  of  glassy  Na- 
rich  phonolitic  lavas.  The  lavas  are  characterised  by  fractional  crystallisation  of  an 
assemblage  dominated  by  alkali  feldspar  but  also  including  sodic  clinopyroxene, 
biolite,  magnetite,  ilmenite  and  apatite.  FeTi  oxide  geothermometry  indicates  an 
eruption  temperature  near  SOO’C  for  the  phonolites.  In  order  to  better  constrain  the 
sub-volcanic  conditions  from  which  the  phonolites  originated  we  have  studied  the 
experimental  phase  equilibria  in  water  saniratcd  and  water  undersaturated  (aH20  = 
I.O  and  0.5)  experiments  using  potvdered  samples  of  the  natural  phonolitic  glass 
over  a  range  of  pressures  (0-3Kbars),  temperatures  (750-950°O  and  oxygen 
fugacities  (FMQ  to  NNO+1).  Water5alurat«d  phase  relations  at  NNO+I  show  a 
near  liquidus  (820-850‘’c)  crystallisation  sequence  of  Ml,  Biot,  Ap  (all  steep  in  P/T 
space,  and  first  observed  within  ~10°C  of  each  other).  Sph,  Na-Cpx  and  Fspr  occur 
at  somewhat  lower  temperatures  (<800“C)  and  their  stability  is  more  sensitive  to 
P(H20).  Nepheline  is  the  only  other  phase  observed  and  is  limited  to  temperatures 
below  770°C.  Initial  results  at  lower  (FMQ)  oxygen  fugacities  suggest  that  Bt  and 
Mt  stabilities  depend  strongly  on  oxidation  state,  with  lower  liquidus  temperatures 
under  more  reducing  conditions.  Experiments  now  in  progress  will  verify  this  and 
extend  work  to  water  undersaturated  conditions. 
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DETERMINATION  OF  H,0,  F,  Cl  AND  S  IN  VOLCANIC  GLASSES  FROM 
THE  A.D.  79  VESUVIUS  ERUPTION,  SOUTHERN  ITALY 

S.  Signorelli  (I),  L.  Francalanci  (1),  P.  Manetti  (1),  G.  Vaggelli  (2)  and  B. 
Capaccioni  (3) 
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Minerogenesi  e  la  Geochimica  Applicata  di  Firenze,  (3)  Dipaitimento  di 
Scienze  della  Terra,  University  di  Urbino 

F,  Cl  and  S  contents,  as  well  as  major  elements,  of  both  white  and  grey  pumice 
mesostases  &om  the  79  A.D.  eruption  of  Vesuvius,  were  determined  by  electron 
microprobe.  Water  measurements  were  carried  out  by  infrared  spectroscopy.  Taking 
into  account  magma  evolution  by  ftactional  crystallisation  and  the  constraints  due 
to  theoretical  solubility  limit  of  each  volatile  species,  the  lower  amounts  of  water 
and  sulphur  in  natui^  samples  suggest  that  they  undergo  to  degassing  during 
eruption.  Fluorine  and  chiotine  seem  to  follow  a  different  behaviour.  In  general, 
fluorine  composition  seems  to  be  linked  to  the  crystallisation  of  mineral  phases 
containing  this  element  in  their  structure,  whereas  the  variations  of  chlorine 
contents  seem  to  be  determined  by  more  complex  processes.  Generally  speaking, 
the  different  amount  and  behaviour  of  volatile  species  in  the  volcanic  products  from 
Avellino  (36000  years  old)  and  79  A.D.  eruptions  could  indicate  a  different  depth 
of  the  two  magmatic  systems. 


ELLIPSOIDAL  VS.  SPHERICAL  MODELS  FOR  MAGMATIC 
INTRUSION  SOURCES 

Krisiv  F  Tiampo  (1),  John  B.  Rundle  (1),  Jose  M.  Fernandez  (2)  and  John 
Langbein  (3).  (1)  Cooperative  Institute  for  Research  in  Environmental  Sciences 
(CIRES),  University  of  Colorado,  Boulder,  CO,  USA.  (2)  Instinitode  Astronomoa 
y  Geodesia  (CSIC-UCM),  Facultad  de  Ciencias  Matematicas,  Ciudad  Universitaria, 
28040,  Madrid.  Espana  (3)  USGS,  Menlo  Park,  CA,  USA. 
kiisty@fractal.colorado.edu 

Ground  deformation  is  a  phenomena  that  has  long  been  associated  with  magma 
injection  in  volcanic  areas.  As  a  result,  many  such  areas  are  well  monitored  today, 
and  their  activity  status  is  based,  at  least  in  part,  on  the  size  and  pattern  of  that 
deformation.  We  have  developed  a  source  model  for  a  prolate  ellipsoid,  and 
compared  it  to  spherical  sources,  both  elastic  and  viscoelastic,  for  an  active  volcanic 
area  (Davis,  1986;  Yang  and  Davis,  1988). 

These  volcanic  source  models  were  compared  using  a  genetic  algorithm  inversion 
technique  and  data  from  Long  Valley  caldera,  California.  A  genetic  algorithm  (GA) 
is  a  directed  search  technique  which  combines  the  principle  of  survival  of  the  fittest 
with  a  prescribed  random  information  exchange.  Topographic  data  from  a 
triiateration  network  consisting  of  both  two-color  electronic  distance  meters  (EDMs) 
and  leveling  measurements  has  been  in  place  since  1989  in  Long  Valley,  when  the 
second  episode  of  uplift  within  a  span  of  10  years  began.  The  GA  employed  these 
accurate  measurements  of  defoimaiion  for  Long  Valley  to  search  for  and  compare  the 
optimal  source  mechanism,  ellipsoidal  or  spherical,  in  conjunction  with  other 
potential  sources  such  as  faulting. 


PRE-ERUPTIVE  VOLATILE  (HjO,  F,  Cl  and  S)  CONTENTS  OF 
PHONOLITIC  MAGMAS  FEEDING  THE  3609  YEARS-OLD  AVELLINO 
ERUPTION  FROM  VESUVIUS,  SOUTHERN  ITALY 

S.  Signorelli  (1),  L.  Francalanci  (1),  P.  Manetti  (1),  G.  Vaggelli  (2),  B.  Capaccioni 
(3)  and  C.  Romano  (4) 
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Minerogenesi  e  la  Geochimica  Applicata  di  Firenze,  (3)  Dipartimento  di  Scienze 
della  Terra,  University  di  Urbino,  (4)  Dipartimento  di  Scienze  della  Terra, 
University  3  Roma 

Glass  inclusions  and  mesostases  from  white  pumice  and  mesostases  from  gre>' 
pumices  of  Avellino  eruption  were  studied  to  determine  both  the  pre-eruptive 
contents  and  the  syn-etuptive  behaviour  of  volatile  species.  Major  elements, 
halogens  and  sulphur  were  measured  by  electron  microprobe  and  water  by  micro- 
FTIR.  Both  glass  inclusions  and  white  pumice  mesostases  show  phonolitic 
composition,  whereas  grey  pumice  mesostases  present  a  wider  compositional  range. 
According  to  the  petrologic  approach,  fluorine  and  chlorine  present  similar 
contents  both  in  glass  inclusions  and  in  white  pumice  mesostases,  showing  a 
scarcely  volatile  syn-eruptive  behaviour,  whereas  white  pumice  mesostases  have 
lower  ^phur  and  water  contents  than  inclusions.  A  wider  S  variability,  moreover, 
characterises  the  grey  pumice  mesostases,  whereas  similar  water  contents  were 
determined  in  both  white  and  grey  pumice  mesostases.  Combining  the  voladle 
abundance  of  glass  inclusions  with  the  appropriate  experimental  solubtity  studies, 
we  suggest  that  the  whole  magmatic  system  was  saturated  in  S  and  Cl.  and  possibly 
in  water,  prior  to  the  eruption. 


CONSTRAINTS  ON  THE  TIMESCALE  FROM  NUCLEATION  TO 
EMANATION  OF  VOLCANIC  GASES 

P.  varr  Calsteren  (1),  S.  Black  (2),  B.  van  Wyk  de  Vries  (1)  and  CJ. 
Hawkesworth  (1) 

(1)  Department  of  Earth  Sciences,  The  Open  University,  Milton  Keynes, 
UK,  (2)  Department  of  Environmental  Sciences,  lENS,  Lancaster 
University,  Lancaster,  UK.  p.v.calsteren@open.ac.uk 

Volatile  Cl  and  S  compounds  of  Bi,  Po  and  Pb  fractionate  into  Ae  gas 
bubbles  of  vesicular  magma  and  reach  the  surface  on  time  scales  ttrat  are 
similar  to  tire  half  lives  of  ^*®Bi,  2'®Po  and  ^'“Pb.  Using  published 
values  (Lambert  et  al.,  1985)  for  gas  transfer  rates  into  magma,  appropriate 
physical  parameters  and  a  suitable  mathematical  model,  the  time 
elapsed  since  bubble  nucleation  can  be  estimated.  Fumarolic  gasses  from 
Momotombo  (Nicaragua)  have  been  collected  with  stainless  steel 
condensers  and  airalysed  for  2'®Bi,  ^'®Po  and  4‘®Pb  disMuilibrium.  The 
data  show  very  high  values  and  considerable  differences.  Ine  Momotombo 
fumaroles  have  been  active  since  tire  last  major  lava  eruption  in  1906  and 
have  temperatures  between  400"C  and  900*0  whenever  they  were  measured 
over  the  past  decades.  In  these  circumstances  it  is  reasonable  to  assume 
that  the  transfer  time  of  gas  from  the  magma  surface  to  the  moutii  of  a 
fumarole  is  less  than  an  hour,  and  that  the  gas  has  not  interacted  with 
aged  fumarole  deposits.  The  data  can  be  reconciled  with  the  model 
predictions  for  bubble  rise  times  of  ca  3  weeks,  assuming  a  degassing  column 
of  500  m  and  small  variations  in  the  element  transfer  rates  into  the  gas 
phase. 


RADON  NETWORK  AT  PITON  DE  LA  FOURNAISE, 
REUNION  ISLAND;  SEISMIC  CRISES  ANTICIPATED  BY 
“RN  PULSES 

Th.  Staudacher*,  J.L.  Seidel**,  L.P.  Rlcard*  &  J.L. 
Chemlnye* 

staud@irefnia.univ>reunion.fr 

*Observatoire  volcanologique  du  Piton  de  la  Fournalse 
**Lab.  G^ofluides,  Bassins,  Eau,  (Jniv.  Montpellier  2 

Piton  de  la  Foumatse  volcano  is  equipped  by  a  dense  ^Rn  monitoring 
netw  ork  which  works  continuously  since  4  years.  It  consists  of  26  radon 
stations,  six  of  which  were  transmitted  by  radio  to  the  observatory.  The 
remaining  stations  arc  so-callcd  autonomous  stations  the  data  of  which 
were  stored  in  the  Held  and  recovercde\'ery'  4-6  weeks  in  quiet  periods  and 
much  more  often  during  active  periods  of  the  volcano.  Time  resolution  of 
radon  determination  is  1  minute  for  radio  transmitted  stations  and  I  hour 
for  autonomous  ones. 

Unfortunately,  the  actual  radon  network  was  operative  only  after  the  last 
eruption  and  radon  outgassing  could  not  been  monitored  during  an  eruptive 
e\enl.  Nevertheless,  in  Nov.  1996  and  Aug.  1997,  two  seismic  crises 
happened  at  Piton  dcla  Foumaise  and  since  July  1997  the  seismic  activity 
incTcascdby  a  factor  of  5  compared  to  early  1997. 

The  Nov.  96  crises  was  pweded  by  a  radon  pulse  up  to  50  limes 
background  level  36  hours  bcftxe  the  crises  and  observed  by  6  tadext 
stations.  The  smaller  crises  in  Aug.  1997  was  preceded  by  radon  pulses  5 
days  and  several  hours  before  the  crises  and  observed  on  3  stations. 

Chcrall.  an  increase  of  radon  activity  is  observed  since  July  1997  jointly 
with  the  increase  of  the  seismic  activity  of  Piton  dela  Fburhaise  volcano. 
No  significant  variation  of  radon  activity  was  obsened  due  to  climatic 
variations  os  prcs.surc.  temperature,  humidity  arxi  rain  fall.  Perturbations 
by  lightning  in  the  beginning  could  be  avaded  by  efficient  shielding  of 
the  photo  electric  cells  of  the  radon  probes. 
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NH4  Volcanic  hazards:  field  studies,  instrumentation 
and  observation  networks  (co-sponsored  by  SE) 

Convener:  Kilbum,  C. 

Co-Convener:  Vougioukalakis,  G. 


GPS  MEASUREMENTS  IN  THE  NEAPOLITAN  VOLCANIC 
AREA 

V.  AchiUi  (1),  O.  Al-Bayati  (2),  G.  Artese  (3),  S.  Borgstrom  (1),  M. 
Capone  (1),  U.  Coppa  (1),  C.  Del  Gaudio  (1),  S.  Gandolfi  (2),  N.  Maixhi- 
avelli  (2),  C.  Ricco  (1),  V.  Sepe  (1),  A.  Vettore  (4)  and  A.  L.  Aat  (1,2,*) 

(1)  Oaservatorio  Vesuviano,  Napoli,  Italy,  (2)  DISTART  -  Univerait=EO  di 
Bologna,  Italy,  (3)  Univerait=:EO  della  Calabria  -  Cosenza,  Italy,  (4) ,  (5) ,  (6) , 
C^)  1  (8)  I  (9)  I  (10)  1  (11)  >  (12)  Dip-  <!•  Ingegneria  Civile  -  Universit=EO  di 
Padova,  It^y,  (*)  Retired. 

aehilliCiachia.oaTe. nnina.it/Fax:  [39]  81  S754239 
Among  the  institutional  activities  of  the  Oaservatorio  Vesuviano,  there  is  the 
surveillance  of  the  Neapolitan  volcanic  area  (Mt.  Vesuvius,  Phlegrean  Fields 
and  Ischia  island)  whidi  is  carried  out  also  through  the  study  of  ground  de¬ 
formations.  In  the  last  two  years,  a  GPS  network  in  the  above  mentioned  area 
was  established.  In  Mt.  Vesuvius  area  a  GPS  test  was  carried  out  in  order  to 
verify  the  possibility  of  the  installation  of  a  network  of  GPS  permanent  sta¬ 
tions.  A  quality  control  of  the  acquired  data  was  made  with  the  QC  software 
by  UNAVCO,  then  the  processing  phase  was  carried  out  using  two  different 
programs  (BERNESE  and  GEOTRACER)  for  a  cross  control  of  the  results.  In 
the  Island  of  Ischia  three  different  techniques  (static,  fast-static  and  real-time- 
kinematic)  have  been  used  to  get  a  first  set  of  coordinates  and  to  perform  a 
comparison  between  the  three  metodologies.  GPS  data  of  the  Phlegrean  Fields 
are  still  in  processing.  The  results  for  Mt.  Vesuvius  area  and  the  Ischia  island 
are  presented  and  discussed. 


GPS  AN  DIGITAL  PHOTOGRAMMETRY  FOR  MONITORING  GROUND 
DEFORMATIONS  ON  A  VOLCANIC  AREA. 

P.  Baldi  (1),  M.Marsella  (2),  L.  Vlttuari  (3) 

(1)  Dip.  di  Hsica,  Universita’  di  Bologna.  (2)  DITS,  Universita'  di  Roma  "La 
Sapienza”,  (3)  DISTART,  Universita’  di  Bologna. 
MaiseIla@dits.ing.uniioinalit/Fax:  +39-6-44585515 

In  Stmtember  1996  an  airborne  GPS-photogrammetric  prqect  was  performed  over 
the  racano  isimd  (Aeolian  Island  Arc)  in  order  to  experiment  a  fut  and  accurate 
procedure  6x  an  aerial  pbotognqthy  moping  application  for  ground  deformatioo 
monitoring.  The  use  of  GPS  observations  for  establishing  the  position  of  the  photo 
centers  at  the  instant  of  exposure,  reduces  the  number  of  required  ground  control 
points;  the  processing  of  me  im^es  in  digital  form,  from  in^e  scanning  to  the 
Digital  Terrain  Model  generation,  allows  for  time  reduction  when  automatic 
procedures  can  be  succesMiilly  applied.  The  data  collected  during  the  experiment, 
t^  is  images  at  1:5000  and  1:10000  scale,  were  digitized  at  a  resolution  of  1000 
dpi,  and  analyzed  using  the  Helawa  system  which  adopts  a  correlation  algorithm 
woddng  at  subpixel  level,  with  a  resulting  ground  resolution  of  about  5  an.  GPS 
kineinatic  camera  positions  were  Obtained  installing  two  receivers  on  the  aircraft 
and  three  reference  stations  on  the  ground  which  continuously  operated  during  tiie 
flight  mission.  GPS  kinematic  solutions  were  obtained  using  both  commercial  and 
sdentific  software’s  with  OFT  capabilities.  The  experiment  allowed  to  defioe  the 
geometry  of  the  calderic  structure  with  an  accuracy  at  the  decimeter  level, 
confirming  that  the  aoial  photogrammetry,  even  if  generally  less  precise  than 
geodetic  surveys,  gives  the  possibility  of  deling  with  higt  sfatial  resolution  flie 
strong  deformations  process  of  volcanic  area. 


TSUNAMIS  GENERATED  BY  VOLCANIC  EXPLOSIONS:  DATA 
FROM  1996  ERUPTION  IN  KARYMSKOYE  LAKE  (KAMCHATKA, 
RUSSIA) 

Alexander  Belousov*.  Barry  Voight**  and  Marina  Belousova* 

•Institute  of  Volcanic  Geology  and  Geochemistry,  Russia 
(A.Belousov@g23.relcom.ru);  ♦♦  The  Pennsylvania  State  University,  USA 
(voi^@ems.psu.edu) 

The  1996  subaquatic  e:q]Iosive  eruption  in  Karymskoye  lake  (4  km  across, 
maximal  depth  70  m)  generated  multiple  tsunamis.  We  document  the  tsunami 
effects  and  runup.  These  data  enable  determination  of  a  law  of  attenuation  of 
runup  (wave)  hei^t  for  "explosive"  tsunamis,  which  is  compared  with 
theoretical  modelling.  For  the  proximal  zone,  to  radial  distances  (r)  up  to  1 .3 
km,  the  runup  hei^t  (R)  shows  rapid  attenuation  (from  >30m  to  8  m)  with 
distance  as  log  R  =  -0.56  log[r]  +  5.8.  For  the  distal  zone,  r  >  1 .3  km,  R 
decays  more  slowly  (from  8m  to  3m)  as  log  R=  -1.98  Iog[r]  +  16.3.  Rapid 
decay  in  proximal  zone  suggests  that  in  the  near  field  of  the  explosion  the 
tsunami  propagate  as  a  collapsing  wave  with  discontinuous  change  in  hei^t. 
The  bre^-in-slope  of  the  runup  plot  at  1 .3  km  suggests  that  the  tsunami 
propagate  further  as  a  decaying  one-dimensional  wave  in  a  channel  of 
approximately  constant  width. 


TSUNAMIS  GENERATED  BY  LARGE  SCALE  FAILURES  OF  COASTAL 
VOLCANOES  -  EXAMPLES  FROM  KURILE-KAMCHATKA  REGION, 
RUSSIA 

Marina  Belousova  and  Alexander  Belousov 

Institute  of  Volcanic  Geology  and  Geochemistiy,  Petropavlovsk-Kamchatsky 
683006,  Russia.  E-mail:  ABelousov@g23.relcom.ru 

Our  investigation  of  Harimkotan  volcano  (Kurile  islands)  has  shown  that  tsunami 
up  to  20  m  high,  witnessed  during  its  1933  eruption  (Miyatake,  1934),  was 
generated  by  volcanic  debris  avalanche  which  entered  Pacific  Ocean.  Subaerial  part 
of  the  avalanche  deposit  forms  a  broad  hummocky  fan  (max  thickness  10-20m; 
length  7  km;  area  20  km^;  volume  0.4  km’).  The  avalanche  smashed  the  ocean 
along  8  km  of  coastal  line.  It  was  formed  as  a  result  of  large  scale  failure  of  the 
volcanic  edifice  1213  m  high.  Multiple  (>4)  prehistoric  debris  avalanche  deposits 
spreading  offshore  were  discovered  on  the  island.  That  is  the  evidence  that 
tsunamigenic  failures,  similar  with  the  1933  event,  repeatedly  occurred  in  the 
history  of  the  volcano.  Youngest  of  them  were  1 100  and  2000  C'^  years  ago. 

Failure  of  Avachinsky  volcano  (Kamchatka  peninsula)  in  the  end  of  Pleistocene 
produced  debris  avalWhe  with  the  volume  approximately  10  km’.  The  avalanche 
travelled  the  distance  more  than  24  km  and  entered  Avachinsky  Bay  along  the 
shore  line  5  km  long.  Thickness  of  the  avalanche  deposit  in  modem  sea  cliff  is 
more  than  50  m.  Generation  of  strong  tsunami  was  inevitable  in  that  situation. 


CONTINUOUS  GRAVITY  RECORD  AT  MOUNT  VESUVIUS: 
A  TOOL  TO  MONITOR  ITS  DYNAMICS 

G.  Berrtno  (1),  G.  Corrado  (2),  R.  Magliulo  (2),  U.  Riccardi  (2) 

(1)  Osservatorio  Vesuviano  (Napoli),  (2)  Dipartimento  di  Geofisica  e 
Vulcanologia.  Universita  "Federico  II"  di  Napoli 
riccardi(gdec.dgv.unina.it/Fax:  +39-81-552763 1 

High  precision  relative  and  absolute  gravity  measurements  are 
periodically  carried  out  on  Mt.  Vesuvius  (Southern  Italy)  to  monitor 
gravity  changes  associated  with  its  dynamics.  Since  1987,  a 
permanent  recording  gravity  station  also  operates  on  the  volcano 
aimed  at  a  continuous  record  of  the  "non-tidal"  gravity  changes. 

Here  we  focus  on  the  results  of  more  than  3  years  of  gravity  records 
starting  from  1994.  Tidal  analyses  have  been  carried  out  on  the  data¬ 
set  using  several  methodologies.  The  ocean  and  atmospheric  effects 
have  been  taken  into  account  for  the  computation  of  the  gravity 
residuals. 

The  time  behaviour  of  the  main  tidal  parameters  and  of  the  gravity 
residuals  have  been  compared  with  some  features  of  the  vesuvian 
dynamics,  mainly  with  the  temporal  gravity  changes  detected  by 
absolute  and  relative  gravimetry. 
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MICROGRAVITY  MONITORING  OF  PITON  DE  LA  FOUR- 
NAISE  VOLCANO  (LA  REUNION) 

S.  Bonvalot  (1,2),  M.  Diament  (2),  C.  Deplus  (2),  G.  Gabalda  (1)  and  T. 
Staudacher  (3) 

(1)  ORSTOM,  France,  (2)  Institut  de  Physique  du  Globe  de  Paris,  France, 
(3)  Observatoire  du  Piton  de  la  Fournaise,  La  Reunion. 

In  order  to  achieve  a  greater  accuracy  in  the  gravity  monitoring  of  Piton  de  la 
Fournaise  volcano,  we  carried  out  four  microgravity  surveys  from  1993  to  1997 
to  complement  the  existing  network.  The  complete  network  now  contains  more 
than  100  stations  distributed  on  the  volcano.  A  reference  base  line  was  estab¬ 
lished  to  check  the  calibration  of  the  meters  during  each  survey.  The  gravity 
and  geodetic  measurements  are  now  simultaneously  performed  using  several 
high  resolution  Scintrex  CG-3M  gravity  meters  and  Ashtech  GPS  receivers 
for  kinematic  positionning.  An  interactive  computer  program  including  precise 
earth  tide  model  and  adjustment  procedure  of  gravity  observations  has  been 
especially  designed  to  process  Scintrex  CG-3M  gravity  data.  The  final  accuracy 
obtained  on  gravity  values  on  this  repetition  network  is  estimated  to  be  in  order 
of  15  to  20  /iGal.  To  detect  possible  shorter  term  variations  associated  with  the 
volcanic  activity,  we  have  also  set  up  two  CG-3M  meters  located  at  different 
sites  of  the  volcano.  Meteorological  recordings  are  also  performed  simultane¬ 
ously  in  order  to  remove  external  pressure  and  temperature  effects  from  the 
gravity  signal.  We  present  here  the  microgravity  data  acquisition  and  process¬ 
ing.  We  discuss  our  first  results  and  their  implications  for  the  understanding  of 
the  magmatic  system  of  Piton  de  la  Fournaise  volcano. 


KINEMATICS  AND  MECHANICS  OF  LATERAL  COLLAPSES  ON 
OCEANIC  ISLAND  VOLCANOES,  AND  THEIR  EFFICIENCY  AS 
TSUNAMI  SOURCES 


S.J.  Day  (1,2)  and  J.C.  Carracedo  (2) 

(i)  Benfield  Greig  Hazard  Research  Centre,  University  College  London,  L<Midon 
WCIE  6BT,  GB,  (2)  Estadon  Volcanologica  de  Las  Canarias,  La  Laguna,  Spain 
jcarTac€do@ipna.rcanaria.cs/Fax  +34  22  26  01  35 

Giant  lateral  coUtqis^  and  debris  avalanches  on  the  flanks  of  oceanic  island 
volcanoes,  with  volumes  of  100  to  2000  cubic  kflometres,  have  been  linked  to  the 
formation  of  gjant  tsunami,  most  notably  by  Moore  et  al.  wdio  have  identified 
deports  from  such  tsunami  in  the  Hawaiian  archipdago.  Sinular  depoats  have 
recently  been  found  by  us  on  volcanic  islands  in  the  Atlantic  oceaa  If  deposits  of  this 
type  are  generated  by  lateral  collapses,  flien  these  must  be  more  ^dent  tsunami 
sources  than  continental  dope  se(^ent  fiulures  of  similar  volume.  Our  studies  of 
large-volume  dd)ris  avalanche  deposits  on  Gran  Canaria  and  of  an  aborted  lifr  flank 
collapse  on  the  island  of  El  Hierro  indicate  that  flank  collapses  on  these  islands  beg^ 
by  rapid  sliding  of  a  dn^e  rigid  mass.  \fr>rion  breaks  the  mass  into  large  blocks 
v^ose  relative  movements  on  intervening  fruits  are  small  compared  to  flie 
dimendons  of  the  blocks  and  to  the  bulk  displacement  of  the  friling  mass  (~  100  m  as 
compared  to  at  least  S  km  in  the  case  of  a  di^laced  block  terrane  on  Gran  Canaria). 
We  therefore  consider  that  models  of  tsunami  generation  by  sliding  blocks  (aluch 
indicate  highly  efBdent  tsunami  generation)  are  more  closdy  applicable  to  oceanic 
idand  lateral  collapses  than  models  of  tsunami  generation  by  sediment  fiow^. 


SUBSURFACE  MASS  REDISTRIBUTION  DETECTED  BY  MICRO- 
GRAVITY  STUDIES  AT  MT  ETNA,  1995-96 

G.  Budetta.  D.  Carbone,  and  F.  Greco 

Istituto  Intemazionale  di  Vulcandogta,  Pzza  Roma  2, 95 123  Catam'a,  Italy 
budetta@itv.ct.cnr.it/Tel:  +39-95-448084/Fax:  +39-95-435801 

Gravi^  changes  observed  by  regular  migrogravity  surveys  indicate  friat  dgnificant 
magma  movement  continued  mthin  Etna*s  central  feeding  system  between  1994  and 
1996,  a  period  inctuding  the  1995-96  explosive  activity  at  the  summit.  Early 
magmatic  changes  were  detected  along  Etna’s  Summit  Profile  when,  between 
September  1994  and  October  1995,  some  2  x  10“  kg  of  magma  were  intruded 
beneath  the  summit  region  at  about  1000  m  a.s.l..  The  positive  anomaly  due  to  this 
intrusion  disappeared  during  the  following  nine  mon^  (cotncidiiig  with  Solent 
stnnbolian  activity  at  the  summit),  while  a  new  positive  anomaly  (of  about  2  x  10” 
kg)  was  detected  below  about  1000  m  a.s.l.  and  within  the  1989  fracture  system. 
None  of  the  anomalies  was  accompanied  by  rignificant  changes  In  ground  elevafion 
or  seisnudty,  suggesting  a  passive  mechanism  of  iiyection.  At  the  same  time, 
measurements  along  the  E-W  Profile  detected  some  1.5  x  10**  kg  of  magma 
accumulatiag  2-3  km  below  sea  level.  Magma  thus  appears  to  be  infiltrating  the  1989 
fracture  system,  winch  fed  ttuyor  flank  eruptions  in  1989  and  1991-93.  The  1989 
fiacture  system  must  therefore  be  consider^  active  and,  hence,  a  frvoured  ate  for 
flank  eruptions  in  the  near  future. 


GEOMAGNETIC  PREDICTION  OF  VOLCANIC  ERUPTIONS 

Clio  Del  Negro*.  Pabnzio  Pemicci^.  Roialba  Napoli* 
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Arcavacata  di  Rende,  Cosenza,  Italy 
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The  Structural  hetecogeneitjr  and  die  dynamics  of  the  plumbing  system  of  each  volcanic 
can  stron^y  condidon  qrpology  and  characieiisdcs  of  the  piecursoiy  ii^iab  of 
eruptions.  Tradidonally,  ground  deformations  and  seismic  activi^  studies  are  used  to 
detect  such  precursory  signals.  However,  bodi  methods  point  out  locd  phenomena 
such  as  a  rupture  along  a  fault  plane  or  local  deformations  along  a  fissure  system.  These 
techniques  can  be  usefully  supported,  for  monitoring  volcanic  activiQr,  by  the  magnetic 
method  that  integrates  the  effect  of  a  phenomenon  over  a  large  volume.  Variations  of 
die  magnetic  properties  of  the  rocks  generate  a  wide  variety  of  magnetic  signals  that  can 
also  appear  a  long  time  before  eruption  and  are  generated  by  different  mechanssms.  In 
particular,  a  meaningful  change  of  magnetic  field  is  expected  in  die  case  Of  an  eruption 
of  a  basaltic  volcano  as  Mt  Etna  containing  a  large  amount  of  magnetic  minerals, 
which  modify  dieir  magnetization  when  subjected  to  temperature  vaiiatioDS  or  when 
submitted  to  a  mechanical  stress,  In  order  to  evaluate  the  suitabtliQr  of  magnetic 
surveillance  to  v^cano  prediction  on  Etna,  we  analyzed  two  historic  series  of  m^netic 
data  recorded  dieie:  Q  during  die  1981  eruption  and  ii)  immediately  after  1989  eruption. 
Moreover,  we  examined  time  series  associated  with  the  intense  explosive  activity  of 
Etna  in  1995  summer  provided  by  die  present  permanent  mastic  netwodc  whidi  was 
set  up  between  1994  and  1995. 


FRECURCURSORS  TO  THE  PUNIAN  ERUPTIONS  OF  THERA  (1628  BC) 
AND  VESUVIUS  (79  AD):  DATA  FROM  ARCHAEOLOGICAL  SITES. 

R  Cioni  (1),  L.  Gurioli  (1),  A  Sbrana  (1)  and  G.  Vougioukalakis  (2) 

(1)  Earth  Science  Department,  University  of  Pisa,  via  S.Maria  53, 56126  Pisa,  Italy 

(2)  Institute  of  Geology  and  Mineral  Exploration,  70  Messogion,  11527  Athens, 
Greece.  gurioli@dst.umfH.it/Tel:  +39-50-847274/Fax;  +39-50-500675 

Stratigraphic  evidence  from  the  Bronze  Age  settlement  of  Akrotiri  (Santorini, 
Greece)  and  die  Roman  towns  of  Ponqieii  and  Herculaneum  (Vesuvius,  Italy)  has 
been  used  to  investigate  the  scale  of  pre-emptive  phenomena  before  the  pliman 
eruptions  of  Thera  in  1628  BC  and  of  Vesuvius  in  79  AD.  Both  emptioas  were 
characterized  by  precursory  seismic  activity,  but  with  very  different  magnitudes  and 
impact  on  local  populations.  The  Akrotiri  settlement  was  badly  damaged  by  strong 
ea^quake(s),  forcing  an  early  evacuation  of  the  iriand  and  destroying  Akrotiri 
before  the  enq}tion  began,  as  shown  by  the  frilout  pumice  bed  which  manties  the 
ruins  and  has  preserved  the  state  of  destructiorL  No  clear  evidence  exists  of  intense, 
destmetive  srismic  aefotity  immediately  before  the  AD  79  emption  of  Vesuvius,  and 
only  low-magnitude  shal^g  has  bera  rec<^ded.  Indeed,  weak  sd^dty  would 
account  for  local  populations  bring  caught  unawares  by  the  emption.  None  of  the 
deposits  at  either  volcano  show  evidence  of  major  precursory  volcanic  phenomena 
(magmatic  or  phreatic).  In  botii  cases,  the  mrin  eruption  was  preceded  by  low-eneigy 
phreatomagmatic  pulses,  stron^y  suggesting  that  pre-emptive  behaviour  was 
conditioned  by  ditfiise  hydrofoermal  actirity. 


THE  SOURCE  PARADIGM  OF  THE  VOLUMINOUS  IGNIMBRITES  OF  THE 
SIERRA  MADRE  OCCIDENTAL,  MEXICO. 

G.J.  Aeuirre-Diaz  f  1).  L.  Ferrari  (1),  G.  Labarthc-Hcroindez  (2) 

(1)  UNICIT,  UNAM,  Campus  Juriquilla,  Quetetaro,  Mexico,  (2)  Instituto  Geoiogfa,  Univ. 
Aut.  San  Luis  Potosi,  Mexico  gjad@servidor.unam.mx/Fax:-t'525-6234056 

The  Siena  Madre  Occidental  (SMO)  covers  at  least  360,000  km^  in  Northern  Mexico  and  is 
the  largest  continuous  ignimbrite  province  in  the  world.  Its  magmatic  evolution  can  be 
divided  into  the  Lower  Volcanic  Complex  (LVC)  and  die  Upper  Volcanic  Supergroup  (UVS). 
The  LVC  consists  of  intennediate-silicic  volcanic  and  plutonic  rocks  of  Upper  Cretaceous- 
mid  Tertiary  age,  while  the  UVS  is  essentially  an  ignimbrite  plateau  of  Eocene-early  Miocene 
age.  A  conservative  estimate  of  the  physical  volume  of  the  SMO  ignimbrites  is  about  360,000 
km’  (1,200x300x1  km).  However,  only  a  few  calderas  have  been  identified  in  die  province, 
either  because  additional  calderas  have  been  covered  by  younger  ignimbrite  sheets,  or 
because  fissures,  with  the  NNW  regional  orientation  of  the  Basin  and  Range  faults,  served  as 
conduits  for  much  of  the  ignimbrite.  These  fissures  are  several  kilometers  long  and  are 
represented  by  a  combination  of  (I)  rhyolite  dikes  emplaced  along  extensionat  features,  such 
as  the  flexure  zone  in  the  shoulder  of  half-grabens,  and  (2)  co-ignimbrite  Uthic-Iag  breccias 
with  a  linear  alignment  several  km  long  and  also  oriented  NNW.  Bod)  Q(pes  of  source  may 
have  occurred  in  the  SMO,  with  fissures  predominating  in  areas  more  affected  by  extension, 
and  calderas  occurring  in  relatively  less  extended  areas. 
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NEW  GRAVITY  SENSORS  AS  PROBES  OF  VOLCANIC 
ACTIVITY 

James  E.  Faller  (1),  Artyom  Vitouchkine  (2) 

(l)NlST/JILA,(2)nLA 
faIIeij@jila.co1orado.edu,  Fax:  (303)492-5235 

A  new  and  smaller  absolute  gravimeter  and  a  new  gravity  gradient  sensor  wilt 
be  described  together  with  their  relevance  to  volcanic  monitoring.  Gravity 
changes  have  proven  useful  in  the  monitoring  of  volcanic  activity.  The 
demands  of  portability  in  a  difficult  and  remote  environment  have  here-to-fore 
caused  relative  gravimeters  to  be  the  major  investigative  tool.  Instrumental 
drifts  and  tares  however  require  closure  of  measurement  loops  with  these 
instruments  in  order  to  approach  useful  precisions  in  the  10-20  gal  range.  A 
new  and  smaller  absolute  instrument  which  is  under  development  at  JILA  will 
be  described  which  is  intended  to  ameliorate  some  of  these  probleiru.  In 
addition  a  low  cost  (5-IOK)  and  truly  field-compatible  (i.e.  one  person  portable; 
weight  <  17  kgm)  gradiometer  intended  for  permanent  instillation  at  sites  near 
regions  of  volcanic  activity  will  be  described.  Such  an  instrument  would 
provide  continuous  regisbration  of  mass  motions  at  the  “equivalent”  10-20  gal 
level  of  sensitivity.  Used  separately  or  in  combination  these  under-development 
gravity  sensing  instmments  should  help  us  better  to  “see”,  and  thus  understand, 
the  details  of  magma  motions. 


SELF-POTENTIAL  STUDIES  OF  HYDROTHERMAL  SYSTEMS  AND 
STRUCTURE  ON  MISTI  AND  UBINAS  VOLCANOES,  S.  PERU 

A  Finizola  (1,2),  D  Ramos  (2),  and  O.  Macedo  (2) 

(1) :  ORSTOM  -  UR6  -  (2) :  Instituto  GeoGsico  del  Pern,  Urbanizacion 
La  Marina,  B-19,  Cayma,  Arequipa,  Peru 
instgeof@ucsm.edu.pe/Tel/Fax :  +51-54-251373 

Misti  stratovolcano  (16:18°S,  71:24*W,  5822  m),  14  km  NE  of  Arequipa  (pop.  c. 
900,000)  contains  two  concentric  summit  craters,  in  the  younger  of  which  is  a  small 
lava  dome  with  fUmarolic  activity.  A  self-potential  (SP)  investigation  over  100  km^ 
combining  long  radial  proGles,  has  revealed  two  kinds  of  zones  when  SP  values  are 
plotted  against  altitude.  The  Grst  shows  a  hnear,  inverse  correlation  between  SP  and 
elevation,  a  trend  expected  from  standard  hydrogeological  models.  The  second 
instead  shows  a  direct  correlation,  suggesting  a  hydrothermal  system.  The  boundary 
between  hydrological  and  hydrothermal  zones  is  circular,  about  6  km  across,  and 
correlates  well  with  the  edge  of  an  old  caldera,  whose  walls  might  limit  the  lateral 
extent  of  a  convective  system  of  rising  gas.  Ubinas  stratovolcano  (16:22  “S,  70:54 
°W.  5672  m)  is  truncated  by  a  summit  crater.  1.2  km  across,  which  partly  overlies 
another  deep  crater  (500  m  across,  200  m  deep)  whose  fumaroUc  activity  has  become 
more  vigorous  since  December  1995.  Detailed  SP  and  thermal  mfia-red 
investigations  (to  15  cm  depth),  involving  more  than  5700  measurements  inade  the 
large  summit  crater,  do  not  show  any  anomaly,  perhaps  due  to  the  absence  of  an 
extensive  fracture  system.  Such  a  closed-system  interpretation  is  consistent  with  the 
leakage  of  pressurised  gas  that  can  easily  be  heard  more  than  I  km  distant. 


GEODETIC  MONITORING  OF  DYKE  EMPLACEMENT,  SLOPE 
INSTABILITY,  AND  FAULT  CREEP  AT  MOUNT  ETNA 

W.  J.  McGuire  (1)  and  J.  L.  Moss  (2) 

(1)  BenGeld  Greig  Hazard  Research  Centre,  Univetsity  College  London,  Gower  St, 
London  WCIE  6BT,  GB,  (2)  Dept  of  Geography  &  Geology,  Cheltenham  & 
Gloucester  College  of  Higher  Education,  Cheltenham,  GB 
w.mcguire@ucl.ac.uk/Tel;  +44-171-419  3449/Fax:  +44-171-388  7614 

Dyke-induced  rifting  events  have  occurred  on  the  east  Qank  of  Etna  four  times  over 
the  past  fifteen  years,  in  1983,  1985,  1989,  and  1991.  Regular  surveying  of  a 
geodetic  network,  established  on  the  upper  flanks  of  the  volcano  in  1981,  has 
revealed  lateral  displacements  ~  Im  associated  with  each  event.  This  matches  the 
average  widths  of  prehistoric  dykes  exposed  in  the  walls  of  the  Valle  del  Bove  sector 
collapse  structure.  The  largest  cumulative  movements  are  observed  adjacent  to  the 
back  wall  of  the  Valle  del  Bove,  where  the  Ikra  high  cliff  has  been  displaced 
eastwards  by  over  5m  since  1983.  Strains  accumulating  in  the  upper  levels  of  the 
volcano  appear  to  be  released  over  time  by  aseismic  creep  and  periodic  earthquakes 
on  faults  bounding,  and  enclosed  within,  the  mobile  eastern  sector  of  the  volcano, 
which  is  being  displaced  seawards  at  centimetric  annual  rates.  Observed  deformation 
was  minimal  during  the  four  years  following  the  end  of  the  major  eftusive  eruption  of 
1991-93.  However,  extension  between  1996  and  1997  argues  for  the  emplacement  of 
fresh  magma  into  the  same  fracture  system  which  fed  the  1991-93  eruption.  Results 
fiom  contemporaneous  microgravity  surveys  support  this  interpretation,  and  highlight 
the  importance  of  integrated,  multiparameter  mom'toring  to  eruption  forecasting. 


CROSS-CORRELATION  BETWEEN  VOLCANIC  TREMOR  AND 
SO,  FLUX  DATA  FROM  MT.  ETNA  VOLCANO 

S.  Leonardi  (Geologisches  Institut  -  Angewandte  Geophysik,  Nussallee  8,  D- 
53115  Bonn,  Germany) 

S.  Gresta  (Istituto  di  Geologia  e  Geofisica,  Corso  Italia  55,  1-95129  Catania, 
Italy)  and 

F.  Mulargia  (Dipartimento  di  Fisica-Settore  di  Geofisica,  Viale  Berti-Pichat  8, 
1-40127  Bologna,  Italy) 

Significant  hints  on  the  current  eruptive  state  of  a  volcano  may  be  inferred  from 
both  geophysical  and  geochemical  monitoring.  In  this  work  volcanic  tremor  and 
sulphur  dioxide  emissions,  measured  during  the  period  October  1987  -  July  1995 
on  Mt.  Etna,  were  analysed.  The  aim  is  to  give  a  quantitative  and  systematic 
description  of  the  correlation  between  the  two  data  series  and  to  evaluate  a 
possible  association  to  the  volcanic  activity  of  Etna.  On  this  purpose  a  cross¬ 
correlation  analysis  was  performed.  The  results  indicate  that  volcanic  tremor 
and  SO2  time  series  have  a  similar  increase  in  correspondence  of  the  largest 
eruptions.  Hence,  in  the  strong  eruptive  episodes,  volcanic  tremor  and  SO2 
flux  seem  to  originate  from  a  common  physical  mechanism  related  to  magma 
dynamics. 


PYROCLASTIC  FLOW  HAZARD  IN  THE  MAXIMUM  EX¬ 
PECTED  EVENT  AT  CAMPI  FLEGREI  (ITALY) 

A.  Longo  (1),  A.  Neri  (2),  M.  Rosi  (1)  and  G.  Macedonio  (2) 

(1)  Dipartimento  di  Scienze  della  Terra,  Via  S.  Maria,  53  1-56126  Pisa  (Italy), 

(2)  CNR-Centro  Geologia  Strutturale,  Via  S. Maria,  53  1-56126  Pisa  (Italy). 
neriOdst.unlpi.it/Fax:  [39]  50  500675 

Numerical  simulations  of  pyroclastic  flows  generated  by  the  collapse  of  an  erup¬ 
tive  column  in  the  maximum  expected  event  at  Campi  Flegrei  (Italy)  are  per¬ 
formed  in  order  to  estimate  the  associated  hazard.  A  multiphase  and  multicom¬ 
ponent  model  based  on  transport  theory  is  adopted.  The  solid  phase  consists 
of  particles  of  two  granulometric  sizes  and  densities,  whereas  the  gas  phase  is 
composed  by  the  magmatic  gas  (HzO)  and  the  atmospheric  air.  The  simulated 
event  is  assumed  similar  in  intensity  to  the  “Agnano  Monte  Spina”  (ss  4Ka)  and 
the  “Pomici  Principali”  («  lOKa)  eruptions.  A  parametric  study  is  performed 
to  analyze  the  effect  of  the  initial  water  content,  vent  diameter,  and  topographic 
profiles  on  the  flow  propagation,  and  to  define  the  conditions  at  the  vent  caus¬ 
ing  the  pyroclastic  flows  to  overcome  the  topographic  reliefs  (Posillipo’s  Hill) 
located  between  the  Phlegraean  Fields  and  the  city  of  Neaples.  Results  show 
the  important  role  played  by  the  topographic  relief  in  reducing  the  pyroclastic 
flow  hazard.  Only  for  particular  input  conditions  and  vent  location  the  pyro¬ 
clastic  flow  may  overcome  the  topographic  relief,  reaching  the  neighbours  of 
Neaples. 


NUMERICAL  SIMULATION  OF  A  POTENTIAL  DEBRIS 
AVALANCHE  IN  MONTSERRAT,  LESSER  ANTILLES 

A.  Mangeney  (1,2),  P.  Heinrich  (1),  R.  Roche  (1),  S.  Guibourg  (1),  G. 
Boudon  (2)  and  J.  L.  Cheminee  (2) 

(1)  Laboratoire  de  Detection  Geophysique,  CEA,  Bruy5res-le-Chatel,  91680 
Fkance,  (2)  Observatoires  Volcanologiques,  IPGP,  Paris,  75005  France. 
mangeneyCldg.bruyeres.cea.fr/Fax:  [33]  0169267023 
The  Soufriere  Hill’s  volcano  in  Montserrat,  Lesser  Antilles,  has  been  erupted 
since  July  1995.  The  extrusion  of  lava  lead  to  the  formation  of  a  new  dome  in  the 
active  English’s  Crater.  The  evolution  of  volcano’s  activity  could  lead  to  dome 
collapse  generating  a  tsunami.  Preliminary  simulations,  assimilating  the  debris 
avalanche  to  a  fluid  flowing  in  a  U  shape  valley,  lead  to  waves  ranging  from  1  to 
2  meters  reaching  Guadeloupe  island,  situated  50  km  at  the  Sud-Est.  We  have 
developed  here  a  numerical  debris  avalanche  flow  model,  based  on  more  physical 
assumptions.  The  debris  avalanche  is  described  by  a  Coulomb  type  friction  law. 
This  model  solves  vertically  integrated  long  wave  equations.  A  sliding  mass  of 
about  100  millions  of  cubic  meters  is  flowing  to  the  East  towards  the  sea.  The 
simulation  is  done  by  using  a  MNT  of  the  Tar  River  Valley,  Montserrat.  We 
show  that  the  topography  and  the  mechanical  behaviour  change  significantly 
the  velocity  and  the  front  height  of  the  mass  reaching  the  sea.  The  height  of 
the  simulated  tsunami  is  reduced. 
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DEVELOPMENT  OF  A  MIXED-MODE  GPS  GEODETIC  NETWORK  AT 
SOUFRIERE  HILLS  VOLCANO,  MONTSERRAT 

G.  S.  MattiolUn.  T.  H.  Dixon  (2),  F.  Farina  (2),  E.  S.  Howell  (1),  P.  Jansma  (1) 
andA.L.  Smith  (1) 

(1)  Dept,  of  Geology,  University  of  Puerto  Rico,  Mayagit'ez,  PR, USA 

(2)  Dept,  of  Geology  and  Geophysics,  Rosenstiel  School,  UM,  Miami,  FL,  USA 
glen@qualibou.upr.clu.edu/Fax:  +1-787-265-5408 

We  have  developed  and  maintained  a  mixed-mode  GPS  geodetic  network  for  monitoring 
Soufriere  Hills  volcano.  Network  evolution  may  be  divided  into  four  phases:  (1)  network 
establishment  with  Ll-carrier  phase  observationsduring  August  1995;  (2)  daily  L1/L2 
observations  between  October  7,  1995  and  December  29,  1995;  (3)  network  densification  to 
14  sites  with  nearly  dally  Ll/L2-carrierphaseobservations  between  May  14,  1996  and  August 
8,  1996;  (4)  installation  of  two  continuous  GPS  sites  in  July  1996  and  intermittent 
reoccupation  of  all  network  sites  from  September  1996  to  present  Initial  GPS  observations 
were  made  in  August  1995  using  two  Trimble  GeoExplorer  6-channel,  LI  carrier  phase 
receivers  with  internal  antennas.  Dual-frequency  GPS  observations  began  on  October  7,  1995 
using  three  9-channel  Trimble  4000SSE  receivers  with  Trimble  4000SSE/SST  C.1/L2 
antennas  with  flat  ground  planes.  Dom-Margolin  chokering  antennas  were  substituted  in  May 
1996.  The  three  receivers  were  moved  among  the  6  sites  (one  held  fixed),  and  data  were 
collected  using  a  30s  sync  rate  for  between  16  to  24  hr  per  UTC  day,  Continous  GPS  data 
from  Montserrat  is  compared  with  other  tropical  sites  to  clarify  possible  long-term  trends  and 
to  identify  periodic  volcanic  behavior.  A  phase  dispersion  minimization  (PDM)  algorithm  Is 
used  to  analyze  the  time  series  in  addition  to  the  standard  Fourier  Transform  techniques. 
Advantages  of  PDM  are:  (1)  no  waveform  is  assumed;  and  (2)  uneven  sampling  is  more 
easily  handled. 


RETROSPECTIVE  IDENTIFICATION  OF  PHENOMENA  COR¬ 
RELATED  WITH  VOLCANIC  ERUPTIONS 
F.  Mulargia 

Dipartimento  di  Fisica,  Settore  di  Geofisica,  Universita  di  Bologna,  viale  Berti 
Pichat  8,  Bologna,  40127  Italy  . 
mulargiatiibogfs.df  .unibo.it/Fax:  [+39]  51  630  5058 
One  of  the  main  tools  in  phenomenological  studies  is  the  identification  of  cor¬ 
relations  among  different  processes.  This  is  essentially  effected  in  retrospective 
with  the  specific  aim  of  finding  a  positive  result,  and  that  leads  to  a  parame¬ 
ter  optimization  which  introduces  a  bias,  so  far  essentially  disregarded,  in  the 
significance  level  of  the  results.  If  the  correlation  can  be  validated  in  a  forward 
study  in  which  parameters  are  kept  fixed,  such  a  bias  is  irrelevant.  Unfortu¬ 
nately,  forward  studies  are  mostly  impractical  in  Geophysics  since  they  would 
require  to  wait  for  a  very  long  time.  Unbiased  estimates  can  be  obtained  in 
retrospective  if  each  of  the  optimal  choices  is  properly  identified  and  accounted 
for.  An  application  of  this  correction  to  the  apparent  seismic  "precursors”  of 
Mount  Etna  volcano  flank  eruptions  shows  that  these  are  most  likely  to  be 
artifacts  of  the  retrospective  optimization. 


THE  VOLCANOSEISMIC  CRISIS  OF  1996-1997  IN  NISYROS,  SE 
AEGEAN  SEA,  GREECE 

G.  Papadopoulosr  M.  SachpazI,  G.  Panopoulou  and  G.  Stavrakakis 
Institute  of  Geodynamics;  National  Observatory  of  Athens,  11810  Athens, 
Greece,  g.papad@egelados.gein.noa.gr 

After  a  repose  time  of  several  years  an  intense;  shallow  seismic  activity 
started  by  the  end  of  1995  in  the  volcanic  region  of  Nisyros  Island.  By  the 
end  of  October  1997  hundreds  of  shocks  were  recorded,  the  largest  one 
being  that  of  27  August  1996  with  The  activity  is  highly  clustered 

in  space  and  time  while  the  b-value  of  the  magnitude-frequency  relation 
was  found  equal  to  L67.  Similar  b-values  were  determined  from  the 
Nisyros  seismicity  of  1911-1980  and  from  an  1997  data  set  of 
microearthquakes.  These  seismicity  properties  seem  to  be  a  characteristic 
of  the  region  rather  than  precursor  of  a  forthcoming  eruption  and  make 
Nisyros  similar  to  other  large  calderas  of  the  Earth  where  the  episodic 
unrest  with  local  swarm-like  earthquake  sequences  separated  by  months  or 
years  is  a  typical  pattern  that  do  not  culminate  in  a  volcanic  eruption. 


GROUND  DEFORMATION  MONITORING  AT  SOMMA- 
VESUVIUS  AND  CAMPANIAN  VOLCANIC  AREA  (ITALY). 

F.  Pingue  (1),  F.  Obrizzo,  C.  'Doise,  G.  Berrino,  G.  De  Natale,  P.  Capuano, 
T.  Esposito,  U.  Tammaro  (1),  G.  De  Luca,  R.  Scarpa  (2)  and  G.  CJorrado  (2) 
(1)  Osservatorio  Vesuvianp,  Naples,  Italy. 
folcoeo8Te.uniua.it/Fax:  39]  81  5754  239 

We  present  an  integrated  ground  deformation  network  aimed  to  monitor 
volcano-tectonic  movements  in  the  area  of  Neapolitan  volcanism.  It  covers 
an  area  of  more  than  10000  km2,  including  the  volcanic  centers  of  Somma- 
Veauvius,  Campi  Flegrei  caldera  and  Ischia  island.  It  includes  levelling  and 
EDM  networks,  as  well  as  GPS  periodic  and  continubus  measurements.  The 
scope  of  the  network  is  twice:  monitoring  ground  deformations  in  volcanic  ar¬ 
eas,  and  studying  the  complex  tectonics  of  the  Campania  Plane,  a  graben-like 
structure  in  which  all  the  Neapolitan  volcanism  is  concentrated,  as  related  to 
the  tectonics  of  Southern  Apennines.  The  monitoring  network  consists  of  a 
larger  scale,  levelling  EDM  ^d  GPS  network  covering  the  whole  Campania 
Plane,  connected  to  the  stable  areas  of  Apennines,  and  smaller  scale  networks 
^med  to  accurately  monitoring  the  Somma- Vesuvius  volcano,  the  most  dan¬ 
gerous  over  the  World  because  of  its  high  urban  development.  The  Somma 
Vesuvius  is  monitored  by  an  over  200  km  long  levelling  network,  by  periodic 
EDM  and  GPS  measurements  and  by  a  small  network  of  continuously  moni¬ 
toring  GPS  instruments.  The  main  features  of  the  networks,  as  related  to  the 
monitoring  capability,  are  presented,  as  well  as  the  most  r^nt  measurement 
results.  The  performance  and  efficiency  of  the  networks  for  the  interpretation 
of  data  in  terms  of  volcanic  and  tectonic  models  are  also  discussed. 


AN  INTEGRATED  MONITORING  PROJECT  FOR  THE  MODELLING  OF 
MT.  MELBOURNE  VOLCANO  INTERNAL  DYNAMICS  (ANTARCTICA) 

E.  Mvitera  flk  E.  Armadillo  (2),  A.  Bonaccorso  (I),  E.  Bozzo  (2),  A.  Capra (3),  G. 
Caneva(2),  G.  Falzone  (1),  F.  Ferraccioli  (2),  S.  Gresta  (4),  D.  Reitano  (1)  and  the 
Ml.  Melbourne  Geophysical  Group 

(I)  IIV  -  C.N.R.,  Catania,  priviter@iiv.ct.cnr.il,  (2)  DISTER,  Univ.  Genova., 

(3)  DISTART.  Univ.  Bologna,  (4)  1st.  Geol.  Geof.,  Univ.  Catania,  Italy 

At  present,  volcanic  activity  of  Mt.  Melbourne  consists  of  low  temperature 
fitmaroles  and  ground  heating,  but  studies  on  pyroclastic  falls  suggest  that  the  latest 
eruption  occurred  in  the  last  few  centuries.  Ground  deformation  and  internal 
dynamics  studies  began  in  1988-89.  A  physical  volcanology  observatory,  consisting 
of  tilt  and  seismic  permanent  networks  together  with  CPS  and  gravimetric  periodic 
networks  were  set  up.  In  1996  a  multidisciplinary  research  programme  grouping  the 
previous  activities  and  aiming  at  modelling  the  internal  dynamic  processes  of  the 
volcano  started.  Seismic,  tiltmetric,  GPS,  gravimetric  and  magnetovariational 
measurements  are  underway  in  order  to  analyse  the  space-temporal  pattern  of  the 
various  parameters  defining  the  state  of  "normality"  of  the  volcano.  Previous 
magnetic  and  gravity  data  were  used  to  perform  modelling  studies.  Furthermore,  the 
development  of  a  volcano  control  strategy,  which  may  be  adopted  for  other 
volcanoes  with  similar  problematics  but  greater  risk,  is  amongst  the  aims  of  this 
project.  Multidisciplinary  data  collected  during  the  last  Italian  Antarctic  Expeditions 
will  be  discussed  together  with  first  results  and  future  developments. 


MONITORING  GROUND  DEFORMATION  AT  THE  DECADE 
VOLCANO  GUNUNG  MERAPl,  INDONESIA 

D  Rebsdier'.  M.  Westertaus’,  W.  Welle’,  and  I G.  M.  A.  Nandaka’ 

'  Applied  Geophysics,  Univ.  Bonn,  Gennany;  rebscher@geo.iini-bonn.de 
’GeoForschungsZentrum  Postdam,  Germany;  tilt@gfz-potsdam.de 
’  Merapi  Volcano  Observatory,  Indonesia;  vsimvo@bm.net 

Pressure  changes  within  a  volcano  lead  to  deformations  of  his  edifice.  To 
discriminate  local  and  r^onal  ground  movemerrts,  four  deformation 
statiims  with  clusters  of  continuous  borehole  tiltmeters  have  been  installed  at 
the  hillsides  of  Gunung  Merapi.  In  addition,  recording  local  envirorunental 
parameters  allows  the  recognition  of  interfering  local  tilt  signals.  First 
analyses  of  the  data  records  show:  The  significant  tidal  variations  of  the  tilt 
signal  validate  the  successful!  coupling  between  the  instruments  and  their 
surroundings.  Transient  tilt  signals  corrdated  to  rainfalls  are  probably 
caused  by  poroelastic  deformation  of  the  hillsides.  Four  volcanic  events 
occurred  during  the  observation  period;  all  of  them  were  accompanied,  if  not 
triggered,  by  heavy  rainfalls.  Tilt  anomalies,  considerably  larger  than  the 
rain  induced  tilts,  were  recorded  around  the  event  of  October  31,  1996, 
coincident  with  an  extraordinary  high  seismic  activity.  If  this  activity 
reflects  internal  fracture  processes  prior  to  the  eruption,  the  accompanying 
deformations  might  partially  explain  the  observed  tilt  signal. 
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LOCATION  OF  THE  SOURCE  AND  SHALLOW  VELOCITY  MODEL 

deduced  from  the  explosion  quakes  recorded  by  two 

SEISMIC  ANTENNAS  AT  STROMBOLI  VOLCANO. 

M  La  Rooca  (1).  S.  Petrosino  (I),  G.  SaccorotU  (2),  M.  Siniini  (3),  I.  Ibanez  (4),  J. 
Almendios  (4),  E.  Del  Pezzo  (1-2) 

(1)  Dipaitimento  di  Fisica,  Univeisita'  di  Salerno,  Italy 

(2)  Osseivatorio  Vesuviano,  Napoli,  Italy 

(3)  Dipartimento  di  Geolisica  e  Vulcanologia,  Universita'  di  Napoli,  Italy 

(4)  In^tuto  Andaluz  de  Geofisica,  Universidad  de  Granada,  Spain 

In  the  firaniework  of  the  seismic  experiment  earned  out  at  Stromboli  volcano  in 
SqXember  1997  two  seismic  antennas  (300  m  aperture)  were  set  about  1300  m  tar 
from  the  active  craters,  in  two  different  sites.  24  1  Hz  sensors  were  used  for 
Ginostra  array,  located  in  the  western  part  of  the  island,  while  32  4.3  Hz,  extended 
to  1  Hz,  were  used  for  Semafitro  Labronzo  array,  located  in  the  northern  flank. 
About  100  explosion  quakes,  contemporaneousiy  recorded  by  oth  the  arrays,  were 
analysed  using  the  zero-lag  cross-correlation  mrthod.  Slowness  and  back-azimuth 
measured  at  the  two  antennas  were  used  to  obtain  the  location  of  the  source. 
Velocity  dispeision  curves  were  obtained  at  Ginostra  array  using  single  station 
methods  (K^,  PMF).  The  shallow  shear  wave  velocity  model  for  Ginostra, 
inferred  fiom  these  curves  has  been  compared  with  that  obtained  for  Labronzo  site. 
Results  show  that  the  explosion  quakes  are  generated  close  to  the  active  crater 
area.  The  velocity  models  give  useM  informations  on  the  first  200  meters,  showing 
in  both  sites  a  layered  structure  with  shear  wave  velocity  increasing  fiom  300  m/s  at 
sur&ce  up  to  1300  m/s  at  200  m  depth. 


PETROLOGICAL  TRIGGERS  TO  VOLCANIC  ERUPTIONS:  SILICATE- 
CARBONATE  MAGMA  UNMDUNG 

G.  RosateBi  and  A.  P.  Jones 

Dept  of  Geological  Sciences,  University  College  London,  Gower  Street,  London 
WCIE-fiBT,  GB 

ucfl>haj@ucI.ac.uk/TeI:  +44-171-387  7050/Fax:  +44-171-388  7614 

Field  evidence  and  lahoratoiy  experiments  on  disaggregated  mantle  xenofiths  in 
volcanics  from  Southern  Raly  show  that  volatile  solubility  in  magmatic  systems 
r^iidly  changes  alter  two-liquid  umnixing.  In  this  model,  a  steady  state  process,  such 
as  crystal  fractionation,  drives  an  alkaline  silicate  magma  to  a  two  liquid  immiscible 
state  (silicate-carbonate).  If  melt  segregation  is  rapid,  which  is  likely  due  to  different 
physcal  properties,  then  continued  crystallisation  of  high  temperatiu’e  silicates  from 
the  carbonate  melt  can  cause  volatile  oversaturation  and  development  of  a  free 
vapour  phase.  Energetic  retease  of  the  high  pressitre,  vapour-charged  system 
propagates  eruption.  SOicate  crystallisation  on,  for  example,  conduit  linings  fluxed 
by  catenates  results  in  rapid  crystal  growth,  and  may  produce  megacrysts.  We  have 
examined  the  role  of  alkalies  on  phase  relations  and  liquid  compositions  in  the  simple 
carbonate-silicate  system  between  pargasite-calcite.  Vesiculation  at  shallow  depths  in 
volcanic  eruptions  is  well  understood,  and  may  involve  water  table  interaction.  Our 
results  are  more  applicable  to  deep  pre-vesiculation  events  which  occur  at  high 
pressures  in  the  deepest  crust  of  upper  mantle  and  are  expected  to  produce  maar-type 
deposits. 


TIME  AND  SPATIAL  CLUSTERING  OF  ETNEAN  SEISMICITY.  1981-1991 

V.  De  Rubds  (1);  P.  Tosi  (1),  MS.  Barbano  (2)  and  S.  VinciguerTa  (2) 

(1)  1st.  Naz.  £  Geofisica,  Vta  di  l^gna  Murata  603,  00143  Roma,  Italy,  (2)  1st. 
G^o^a  e  Geofisica,  Univ.  di  Catania,  C.so  Itah'a  33, 95129  Catam'a,  Italy 
sergio.vindguetra@ct.infii.it/Td:  +39-95-7195264 

The  relations  between  seismic  activity  and  flank  errtptions  at  Mt  Etna  (Italy)  have 
been  investigated  using  fractal  dimension  analysis  for  the  period  I98I-199I, 
characterized  by  seven  tttqor  flank  eruptions  and  continued  seismicity.  The  sdsmic 
data  set  can  be  considered  complete  from  M  2.5,  using  the  completeness  test  of  Tinti 
and  Mulat^a  (1985).  The  geometric  fiuctal  dimension  D  is  evaluated  by  the 
correlation  integral  method  (Grassberger  and  Procaccia,  1983),  which  gives  weight 
to  the  niunber  of  elements  inside  each  sampling  box.  The  time  and  spatial  evolution 
of  the  temporal  fractal  dimenrion  D^  calculated  on  a  40-seismic-events  moving 
window,  indicates  a  mid-term  variation  (timescale  of  years)  related  to  stress 
conditions  within  the  volcano  and  a  short-term  change  induced  by  the  approach  to  a 
flank  eruption.  The  results  are  consistent  with  those  from  a  similar  analysis  for  the 
period  1874-1913  (De  Rubeis  et  al.,  1997).  In  addition,  the  spatial  clustering  of 
events  can  be  attributed  to  three  structural  domains:  Mt  Etna  itself  and  the 
neighbouring  Tindari-Giarfra'  Line  and  the  Western  Iblean  mountains.  Such 
structural  associations  help  distinguish  tectonic  and  magmatic  controls  on  seismicity 
and  eruptions,  so  also  helping  to  improve  long-term  assessments  of  volcaiuc  hazard. 


RISK  EVALUATION  WITH  STOCHASTIC  MODELS  OF  LAVA  FLOWS 
S.-A.  Sgrensen 

Department  of  Computer  Science,  University  Coiiege  London,  Gower  Street,  London  WCIE 
6BT,  G.B.  s.sorensen@cs.ucl.ac.uk/Fax:  +44-171-387  1397 

Numerical  models  are  commonly  used  for  theoretical  studies  of  iava-flow  dynamics.  Their 
application  requires  detailed  knowledge  of  local  factors,  such  as  initial  eruption  conditions 
and  topography.  Since  most  of  these  factors  are  poorly  constrained  ahead  of  an  eruption,  such 
models  have  limited  use  for  forecasting  risk.  An  alternative  approach  is  to  treat  a  flow  as  a 
stochastic  rather  than  deterministic  system,  so  that  its  progress  is  determined  by  a  set  of 
guidelines  in  place  of  initial  and  boundary  conditions.  Flow  advance  is  still  governed  by 
standard  physical  rules  but  its  route  is  allowed  to  divert  from  the  path  determined  by  the  strict 
deterministic  solution.  The  probability  that  a  flow  takes  a  given  path  increases  as  that  path 
more  closely  follows  the  deterministic  route.  By  combining  the  outcomes  of  a  large  number 
of  simulations,  the  stochastic  approach  provides  a  rapid,  flexible  and  reliable  means  of 
preparing  probabilistic  vulnerability  maps  for  a  wide  range  of  eruption  scenarios. 


LANDSCAFE  RESPONSE  TO  AIRFALL  DEPOSITS  FROM  LARGE 
EXPLOSIVE  ERUPTIONS:  AN  EXAMPLE  FROM  CAMPANIA,  S.  ITALY 

R  Suluizio  (1),  M  Di  Vito  (2)  and  G.  Zanchetta  (I) 

(I)  Dept  of  Earth  Sciences,  via  S.  Maria  53,  56126,  Pisa,  Italy,  (2)  Osservatorio 

Vesuviano,  Ercolano,  Napoli,  Italy 

siilpizio@dst.unipi.it/Tel:  +39-50-847274/Fax:  +39-50-500675 

The  south-eastern  sector  of  the  Campanian  Plain  contains  several  alluvial  fans  of 
volcanoclastic  material,  located  in  a  limited  area  bordering  hills  near  the  towns  of 
Nola  and  Palma  Campania  Several  depositional  bodies  each  form  a  single  alluvial 
fen.  The  deposits  consist  of  nearly  homogeneous  pyroclastics  produced  during  large 
explosive  eniptions  from  either  Somma-Vesuvius  or  the  Phlegrean  Fields.  U-shaped 
channels  cutting  the  bodies  indicate  normal  stream  activity  during  intra-eruptive 
periods.  Carbonate-gravd  stream  deposits  followed  by  volcanoclastic  debris-flows 
and  hyperconcentrated  flood-flows  form  the  infilling  sequence  of  each  channel,  often 
topped  by  sheet  flow  deposits.  The  alluvial  bodies  could  have  evolved  over  periods 
from  months  to  tens  of  years,  depending  of  the  volume  of  pyroclastics  and  climatic 
conditions.  The  occurrence  of  such  peculiar  alluvial  fans  results  from  their  location 
along  the  main  dispersal  axis  for  Phlegrean  and  Vesuvian  fallout  deposits,  as  well  as 
to  flat-lying  relief  in  this  zone.  Understanding  these  deposits  is  important  for 
assessing  the  mid-to-long  term  possibility  of  major  flooding  and  lahar  generation  after 
large  explosive  eruptions  from  the  Campanian  volcanoes. 


GAS  CHEMICAL  STUDIES  AT  MERAPI  VOLCANO,  INDONESIA 
M  Zimmer  and  J.  Erzinger 

GeoForachungaZentrum  Potsdam,  Telegrafenberg,  14473  Potsdam,  Gemumy 
weihei@g&-potsdam.de 

A  spedally  designed,  automatic  gas-measuring  device,  consisting  of  a  gas 
chromatograph,  an  alphazintillometer  and  a  temperature  sensor,  was  installed  at  the 
summit  of  Merapi  in  May-June  1997.  Over  aev^  days,  the  concentrations  of  H2O, 
CO2,  SO2  aixl  H2S  were  measured  every  35  mins  and  those  of  ™Rn  and  ‘’°Rn 
(Thoron),  with  fimiarole  temperature,  every  70  mins.  The  data  were  sent  via  radio 
link  to  the  Merapi  Volcano  Observatory  in  Yogyakarta.  Gas  and  fumarole 
condensates  were  sampled  conventionally  and  anal)aed  for  He-  and  H-  and  O- 
isotopes  at  the  GFZ.  The  data  show  a  positive  correlation  between  SO2  and  CO2,  but 
negative  corrdations  between  these  and  H2O.  Gas  concentrations  pulsed  every  3-4 
hours,  SO2  and  CO2  increasing  and  H2O  decreasing,  while  gas  temperature  and  the 
“®Rn  concentration  both  increased  with  increases  in  gas  vdodty.  Increases  in  gas 
pressure  assodated  with  larger  SO2  and  CO2  fluxes  mw  have  induced  rockfalls  and 
rdated  seismicity  (Suhamo,  pets.  comm  ).  The  ’He/^e-ratios  of  8-8.8x10'*  are 
typical  for  volcanoes  at  convergent  plate  boundaries.  H-  and  O-isotope  data  from 
spring  svater  and  fumarole  condensates  indicate  a  dominance  of  meteoric  over 
magmatic  water.  The  results  suggest  that  magma  formation  involves  mdting  of  the 
subducted  Australian  Plate  (containing  trapped  ocean  water).  Fluids  escaping  from 
ascending  magnu  are  diluted  by  surface  water,  but  their  proportion  helps  constrain 
estimates  of  magma  volume  and  may  aid  forecasts  on  long-term  dome  growth. 
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PALAEOENVIRONMENTAL  RECORDS  IN  ARCHAEOLOGICAL 
PALEOSOLS:  MAGNETIC,  MOESSBADER  AND  PEDOLOGICAL  STUDY 

A.OMekseev.  VA.Demkin, 

Institute  of  Soils  Science  &  Photosynthesis  Russian  Academy  of  Sciences, 
Pushchino,  Moscow  region,  RUSSIA 
aIekseev@issp.serpukhov.su ;  Fax:7-0967-790532 
VA  Alekseeva 

Geographic  Faculty  of  the  Moscow  State  University,  1 19899  Moscow  RUSSIA 

The  use  of  palaeosols  as  evidence  for  environmental  changes  is  based  on  the 
relationship  between  soil  properties,  soil  forming  processes  and  soil  forming 
fectors.  Ths  investigation  of  more  then  50  profiles  of  palaeosols  ( buried  soils)  of 
archaeological  monuments  of  various  age  in  comparison  with  recent  background 
soils  were  carried  out.  These  burial  mounds,  known  as  khourgans  ,  were 
constructed  during  Bronze  Age,  Early  Iron  Age  and  Middle  Ages  in  steppe  belt  of 
Eurasia.  A  time  interval  of  a  hundred  years  and  even  less  can  be  reached.  The 
informative  soil  properties  for  reconstruction  of  steppe  environment  are  amounts 
and  profile  distributions  of  humus,  carbonate  and  gypsum,  degree  of  solonetz 
formation,  magnetic  susceptibility  and  iron  state  (Moesstouer  spectroscopy,  XRD). 
Magnetic  susceptibility  (average  weighted  value  in  soil  profile)  reflects  the  age  of 
soils.  Comparison  of  soils  buried  under  khourgans  suggests  the  chronology  of 
climatic  ch^ges  in  the  region  during  the  late  Holocene. 


SOIL  FORMATION  MAGNETIC  RECORDS:  PROHLE  AND 
AGGREGATE  LEVELS. 

T. Alekseeva.  AAlekseev 

Institute  of  Soil  Science  and  Photosynthesis  Russian  Academy  Sciences  Pushchino 
Moscow  region  142292  Russia 
aIekseeva@issp.setpukhov.su  /FAX  +7-0967-790532 

Magnetic  susceptibility  values  (MS)  and  mineralogical  composition  (XRD  and 
Moessbauer  spectroscopy)  of  ciay  fraction  of  barrial  (North  Caucasus,  Russia), 
subtropical  and  tropical  ( Georgia.  China)  soil  profiles  developed  from  loess,  mmne 
clay  ikposits  and  weathering  crusts  were  under  study.  In  order  to  investigate  the 
mineral  transformation  trends  on  the  aggregate  tevei  separation  of  clay  fraction  in 
an  accordance  with  strength  of  particie  bindings  into  6  parts  and  their  study  with  a 
complex  of  methods  has  been  undertaken.  MS  is  a  genetic  parameter  of  soil 
formation.  The  character  of  its  profile  distribution  depends  on  a  combine  action  of  a 
number  of  factors  and  is  a  specific  soil  characteristics.  Aggregated  soil  material  is 
characterized  by  heterogeneity  of  composition  and  properties.  Loosely  aggregated 
clay  from  soil  horizons  is  characterize  by  higher  mineral  weathering  and  MS 
values  in  comparison  with  clay  from  parent  material.  Its  value  depends  on  soil 
genesis.  Tightly  aggregated  clay  contains,  as  a  rule,  non-swelling,  weaklier 
weathered  layer  silicates  with  higher  Fe^*  /(Fe^  +  Fe^  )  values,  fine  dispersed 
carbonates.  Their  -MS  values  ate  close  for  all  soils  studied  and  patent  material. 
The  specific  feature  of  aggregated  material  as  well  as  of  soil  profile  is  the 
development  and  their  MS  characteristics  are  the  records  of  this  process.  The  data 
obtain^  confirm  the  genetic  origin  of  soil  -MS  properties. 


THE  NEW  PARAMETER  FOR  MAGNETIC  GRANULOMETRY  OF  ROCKS 
V.A.Bolshakov.(l)  and  Yu.K.Vinogradov(2) 

(l)Dept.  of  Geography  Moscow  State  University,  (2)Geophysical  Observatory 
“Borok" 

palaeo@palaeo.geogr.msu.su 

It  is  well  known  that  sizes  of  magnetic  particles  in  sediments  reflect  sedimentation 
environments.  That  is  why  magnetic  granulometry  is  widely  used  for 
investigation  of  the  paleogeographical  conditions  of  sedimentation.  Theoretical  and 
experimental  substantiation  of  parameter  li/Is  (li-unhysteretic  magnetization)  for 
determination  of  domain  state  and  sizes  of  rock  ferrimagnetic  panicles  has  been  done. 
The  values  of  li/Is  may  be  precisely  calculated  theoretically  for  single  domain  (SD) 
and  multidomain  (MD)  states.  Our  studies  of  artificial  samples  with  different 
sizes  of  magnetite  grains  ranging  from  large  monocrysul  MD  to  PSD  and  suble  SD 
have  shown  that  changes  of  parameters  li/ls,  Iri/Is  are  similar  to  those  of  traditional 
ones  -  He,  Irs/Is,  Hcr/Hc.  The  commonly  used  parameter  Iri/Irs  for  artificial  samples 
is  obviously  less  changable  than  Iri/Is.  It  has  been  shown,  that  in  many  cases  for 
natural  sediment  samples  parameters  li/Is,  Iri/Is  are  more  advantageous  in 
determining  ferrimagnetic  particles  sizes  as  compared  to  traditional  parameters. 


NORTH  CAUCASUS  LOESSiMAGNETIC  SUSCEPTIBILITY  AND 
MOESSBAUER  STUDY. 

A  O  Alekseev.  T.  V.  Alekseeva 

Institute  of  Soils  Science  &  Photosynthesis  Russian  Academy  of  Sciences, 
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aldcseev@issp.serpukhov.su/  fax  +7-0967-790532 

The  investigations  of  magnetic  susceptibility  (MS)  and  Fe-state  (Moessbauer 
spectroscopy)  of  soils  in  steppe  environment  and  loess-palaeosols  sequences  of 
15  cores  in  North  Caucasus  (regions  between  lats.  44-47  *N  and  longs  40-46"  E) 
were  undertaken.  The  thickest  sequences  of  loess  palaeosob  in  the  Tersko- 
Kumskoy  depression  exceed  150  m.  For  palaeoclimatic  reconstruction  it  is 
necessary  to  establish  the  relationships  between  stateof  Fe-compounds  in  soils  of 
steppe  zone  and  pedoenvironmental  conditions  .The  magnetic  susceptibility  of 
modem  soils  and  Fe-state  in  steppe  environment  reflect  the  peculiarities  of  soil¬ 
forming  and  landscape  geochemical  processes.  Magnetic  susceptibility  values  of 
palaeosol  layers  are  from  2  to  8  times  higher  than  of  the  loess.  Ratio  Fe*  /(Fc^  + 
Fe^  in  loess  series  is  obviously  higher  than  that  in  the  buried  palaeosols.  This  is  in 
agreement  with  the  fact  that  the  palaeosols  were  formed  during  warm-humid 
environment,  while  loess  formation  was  at  a  maximum  cool,  dry  climatic  periods. 
The  different  types  of  palaeosols,  which  formed  during  various  geological  periods 
reflect  that  climate  in  the  region  of  Tersko-Kumskoy  depression  (North  Caucasus) 
had  undergone  several  replacements  from  warm  to  cold  in  different  extent .  On 
the  base  of  investigations  of  loess-palaeosol  sequences  the  palaeoclimatic  and 
palaeolandscape  reconstmetion’s  during  the  late  Quaternary  in  North  Caucasus 
could  be  done. 


INTEGRATION  OF  ROCK  MAGNETIC  AND  ROCK  DEFORMATION 
STUDIES 

Graham  Borradaile  (AGU,  EGS) 

Geology  Department,  Lakehead  University,  Thunder  Bay,  Canada  P7B  5E 1 
Borradaile@LakeheadU.CA 

The  integration  of  rock  magnetism,  paleomagnetism  and  rock  deformation  studies  has 
provided  significant  advances  in  the  structural  interpretation  of  deformed  tetranes  in 
recent  years.  This  is  attributed  to  three  main  developments  that  will  be  illustrated  with 
regional  examples.  First,  Magnetic  fabrics  show  subtle,  but  consistent  anisotropies  that 
can  usually  be  proven  to  be  tectonic.  Thus,  otherwise  concealed  strain  directions  and 
strain  symmetry  is  known.  This  helps  in  kinematic  analysis  of  orogens.  Second, 
paleomagnetic  vectors  provide  unique  structural  markers  that  may  be  deflected  by 
finite  strain  and  flag  particular  time  events  and  plate  tectonic  locations  during  the 
deformation  sequence.  Multiple  remanence  components  are  even  more  revealing  and 
can  prove  progressive  folding,  tilting,  etc.  Third,  magnetic  remanence  may  be  very 
sensitive  to  stress  in  some  cases,  so  that  it  remagnetises  or  is  deflected  by  an  ephemeral 
stress  regime.  This  together  with  some  magnetic  fabrics  this  may  reveal  stress  regimes 
rather  than  finite  strain  states  and  has  potential  for  neotectonic  studies. 
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ANISOTROPY-CONTROLLED  THRUSTING  OF  ARCHEAN  LOWER 
CRUSTAL  ROCKS:  A  ROCK  MAGNETIC  STUDY  AT  KAPUSKASING, 
CANADA 

G.J.Borradaile  ( 1),  T.  Wemer  (2),  F.  Lagroix  (I) 

0)  Geology  Department,  Lakehead  University, Thunder  Bay, Canada,  (2)  Institute  of 
Geophysics  P.A.Sc., Warsaw,  Poland 
twemer@igf.edu.pl/Fax:+48  22  6915  915 

Magnetic  fabrics  of  the  upthrust  section  of  Archean  lower  crustal  rocks  at  Kapuskasing, 
Northern  Ontario,  reveal  grain  anisotropies  with  a  lineation  parallel  to  the  smke  of  the 
thrust  and  a  foliation  somewhat  gentler  dipping  than  the  thrust.  Thus,  the  thrust  appears 
to  have  propagated,  controlled  by  fabric  amsotropy,  rather  than  Ae  lineation  being 
associated  with  the  thrust  kinematics.  The  magnetic,  and  hence  petrofabric,  foliation  in  the 
lower  crustal  rocks  seems  to  be  correlated  with  the  diffuse  seismic  reflectors.  The  magnetic 
fabrics  were  defined  on  the  basis  of  both  anisotropy  of  magnetic  susceptibility  (AMS), 
dictated  largely  by  crystallographic  alignment  of  paramagnetic  mafic  silicates,  and  bv 
anisotropy  of  ainhysteretic  remanence  (AARM)  due  to  the  preferred  shape  orientation  of 
magnetite.  These  fabric  orientations  are  almost  impossible  to  determine  by  conventional 
petrographic  methods  due  to  the  sranoblastic  nature  of  these  high  grade  metamorphic, 
lower  crustal  rocks.  Palecxnagnetic  data  show  two  well-defined  magnetizations  centred  on 
(058/47  -Normal,  N)  and  (037/-44  =  Reverse,  R)  for  n*=106  characteristic  directions 
[ChRM].  Each  is  at  the  centre  of  a  small  girdle  distribution  dispersed  along  ^e  plane  of 
magnetic  foliation  (AARM).  Thus,  the  paleomagnetic  data  cany  a  tectonic  imprint  that 
we  attribute  tentatively  to  late,  partial  stress  remagnetization.  A  reconstruction  mvolving 
destraining  taid  rotating  these  directions  back  towards  their  initial  orientation  could  suggest 
that  they  were  an  initial,  nearly  vertical  antiparallel  N-R  pair.  However,  this  cannot  be 
proven.  We  favour  different  ages  for  the  N  and  R-components  because  the  R-  component 
may  be  associated  with  late  hematization  near  the  Ivanhoe  Lake  Fault.  Paleomagnetic  tilt 
corrections  may  be  unnecessary  because  the  most  recent  tectonic  and  metamorphic  work 
shows  that  the  thrust  slice  had  almost  the  same  inclination  down  to  the  depths  where  the 
remanences’  reached  their  blocking  temperatures . 


TIME-TEMPERATURE  RELATIONS  FOR  PYRRHOTITE  AND 
MAGNETITE:  USE  IN  RECONSTRUCTING  BURUL  AND  UPLIFT 
HISTORIES 

D.J.  Dunlop  and  0.  Ozdemir  (1),  P.W.  Schmidt  and  D.A.  Clark  (2) 

(1)  (Geophysics,  University  of  Toronto,  Mississauga,  Ontario.  Canada  L5L  1C6).  (2) 
Exploration  and  Mining,  CSIRO,  North  Ryde  (Sydney),  NSW  2113,  Australia) 

Rocks  can  be  partially  remagnetized  by  heating  in  nature,  for  example  at  depth  in  thick 
sedimentary  or  volcanic  sequences,  or  over  subcrustal  heat  sources  such  as  plumes. 
Because  they  record  both  the  paleotemperature  and  the  age  of  remagnetization,  such 
thermoviscous  overprints  of  primary  N^  can  be  used  to  calculate  burial  depths  and 
reconstruct  uplift  histories. 

Our  method  is  based  on  Ndel's  (1949)  theory  of  therrnomagnetizaiion  of  single-domain 
grains.  It  is  applicable  to  thermoviscous  overprints  carried  by  any  mineral  of  single¬ 
domain  size:  micron  or  submicron  size  pyrrhotite  and  TM60  grains:  most  hematites; 
and  magnetites  after  low-temperature  demagnetization  (zero-field  cycling  to  liquid  Nj 
temperature). 

Using  NRM  overprints  acquired  by  two  different  minerals,  pyrrhotite  and  magnetite, 
we  find  that  the  Milton  Monzonite  of  the  Sydney  Basin  in  southeastern  Australia  was 
remagnetized  about  100  Ma  ago  during  reheating  to  (165  ±  30)  *C  for  approximately 
100  kyr  at  a  depth  of  (2.3  ±  0.4)  km.  'These  limits  on  burial  temperature  and  depth  are 
more  tightly  constr^ned  than  conventional  estimates  using  coal  accessory  minerals, 
fission  track  annealing,  or  metamorphic  grade. 


ASYNCHRONOUS  MAGNETIC  OVERPRINTS  IN  THE  VISEAN 
BASIN  OF  THE  SOUTHERN  VOSGES  (FRANCE)  AS  A  TRACER 
OF  THE  APWP  OF  VARISCAN  EUROPE  FROM  VISEAN  UP  TO 
JURASSIC 

J.B.  Edc).  C.  Humbert  ond  J.  Homnircz 

tcolc  «  Observatolre  dcs  Sciences  dc  la  Terre.  Stra.sbourg,  France 

J  bcdcl  ^cost .  u-.«ctra.s  bg.  fr 

Previous  paleomagnetic  Investigations  carried  out  in  volcanic, 
sedirnentar)'  arai  plulonlc  units  fn»m  the  Viscan  southern  Vo.sgc.s  ba.sin 
have  evidenced  pi>lyphased  overprinting  during  Carhontremus-Perrnian 
rJinev.  Two  .small  areas  (4km').  where  strong  overprinting  was  expected, 
were-  sampled  exten.slvely  In  order  to  sir^s  the  chHractcr}.siic.s  of'  (he 
overprints  and  evemually  to  date  them.  The  various  Investigated  rock.s 
coast.sLs  of  basalts,  andesites,  luffs  and  volcanic  breccia.':,  in  different 
tectonic  atticudes.  allowing  a  fold  test.  After  thermal  cleaning,  most  sites 
.show  two  or  more  groups  of  dltcclions,  mostly  carried  by  magncitie. 
oa’asinnalty  by  hematite.  Most  groups  of  directions  occur  at  difl'crcm 
sites.  About  9.5%  of  the  directions  arc  syo-  and  more  generally  pt>si- 
tcetonlc  overprints,  acquired  after  the  Latest  Viscan  comprc.sslon  phase.' 
Tlic  pt>les  of  die  mean  site  directions  and  particularly  of  the  individual 
directions  draw  a  1.5*  wide,  nearly  continuous  belt  that  fits  pcrlccily  with 
the  S  like  AP^'P  of  Vartscan  Eunipc  from  the  Early  Carboniferous  to  the 
Jurassic.  Due  to  the  great  diversity  of  mcks,  to  various  grain  .si/cs  and 
degree  of  ptiroslly.  to  the  vicinity  or  not  of  mineralized  faults, 
overprinting  was  nut  synchronous. 

At  IC4isi  two  generations  of  secondary  magnetite  were  ob.served.  The  lir.si 
one  is  attributed  to  the  green-schlsi’ alteration  observed  at  all  sites.  The 
corrc.sptinding  B  arid  Al  poles  corrclaie  with  die  Middlc-Laic 
Carboniferous  Carboniferous  part  of  the  /\PWP.  The  second  generation 
of  magnetite.  (<5fim)  appeared  In  the  Late  TOasslc  and  the  Early  Jurassic. 
The  overprints  carried  by  hematite  arc  restricted  to  the  Late  Permian. 


ANOMALOUS  VARIATIONS  OF  GEOMAGNETIC  PALEOINTENSITY 
WITHIN  A  SINGLE  PLIOCENE  ICELANDIC  HYALOCLASTIC  LAVA 
FLOW 

A.  Goguitchaichvili,  (1)  M.  Prevot  (1)  and  J.M.  Dautria  (2) 

(1)  Laboratoire  de  Geophysique  et  Tectonique,  Universite  Montpellier2, 
34095  Montpellier,  France  e-maii :  goguitch@dstu.univ-montp2.fr 

(2)  GBE,  Universite  MontpeiIier2, 34095  Montpeliier,  France 

A  2m  thick  Pliocene  hyaloclastic  lava  flow  from  Southwestern 
Iceland  was  sampled  in  detail  along  a  vertical  profile  (17  samples).  All 
samples  are  characterised  by  a  large,  univectorial  natural  remanent 
magnetization  of  reverse  polarity  carried  by  titanomagnetite.  The 
samples  are  stable  upon  heating  and  most  of  them  provide  high 
quality  Aral  diagrams.  Top  and  bottom  samples  yield  approximately 
the  same  paleointensity,  while  those  recovered  from  flow  center 
provide  magnitudes  twice  smaller.  Several  hypothesis  are  discussed  in 
order  to  explain  this  observation. 


PALAEOINTENSITY  RESULTS  USING  MICROWAVE 
DEMAGNETISATION  /  REMAGNETISATION 

M.  J.  Hill'.  S.  Yang',  J.  Shaw'  and  D.  Walton' 

'Geomagnetism  Laboratory,  Oliver  Lodge  Laboratories,  Oxford  Street,  Liverpool, 
L69  3BX 

'Physics  Department,  McMaster  University,  Hamilton,  Ontario,  Canada  L8S4M1 
mimi@liv.ac.uk 

Initial  microwave  archaeointensity  results  (Shaw  et  al.  1996,  Geophys.  J.  Int.  124 
241-244)  demonstrated  that  microwave  demagnetisation  /  remagnetisation  could  be 
used  successfully  in  a  modified  Thellier  type  experiment  with  no  noticeable 
thermal  alteration  occurring.  We  present  new  results  using  the  same  basic 
technique  but  including  cooling  rate  corrections  and  rock  magnetic  tests  for 
thermal  alteration.  A  significant  reduction  in  the  scatter  of  data  points  is  achieved 
on  the  application  of  the  cooling  rate  correction.  Results  are  presented  for  ceramics 
from  different  geographical  areas  and  for  both  historic  and  ancient  lavas.  The 
microwave  method  of  obtaining  palaeointensities  appears  highly  successful  and 
applicable  in  all  cases. 


THEORETICAL  MODELS  OF  MAGNETIC  ANISOTROPY  TO  STRAIN- 
CONSIDERING  TRIAHAL  MAGNETIC  PARTICLES 

F.  Hrouda  (1,2),  J.  Jezek  (2),  and  S.  Sale  (3) 

(1)  AGICO  Ltd.,  Brno,  Czech  Republic,  agico@aglco.cz, 

(2) Faculty  of  Science,  Praha,  Czech  Republic,  jezek@prfdec.natur.cuni.cz 

(3)  Institute  of  Information  Theory  and  Automation,  Czech  Republic. 
$saic@utia.cas.cz 

The  movements  of  individual  triaxial  particles  in  the  Jeffery  (1922)  model  of  strained 
rocks  are  much  more  complex  than  the  movements  of  the  spheroidal  particles. 
However,  the  degree  of  anisotropy  in  the  magnetic  anisotropy  to  strain  models 
considering  multiparticle  systems  of  triaxial  magnetic  particles  shows  very  similar 
values  to  the  models  considering  spheroidal  particles.  We  explain  this  observation  by 
assuming  that  even  though  the  movements  of  individual  particles  are  very  different, 
the  multiparticle  system  as  a  whole  "averages  out"  in  some  way  the  movements  and 
the  resulting  magnetic  anisotropy  tensor  does  not  differ  very  much  from  the  tensor  of 
the  model  considering  spheroids. 
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NEW  DATA  ABOUT  PETROMAGNETIC  CRITERIONS  GOLD-BEARING 
CRUSTAL  BASEMENT 

A.P.  Ivakhnenko,  A.V.  Sukhorada  (University  of  Kiev,  Department  of 
Geology,  Geophysics,  Vasilkovskaya  Str.  90,  Kiev,  252022,  UKRAINE, 
alex-win@alexwin.kiev.ua,  fax:  380-44-2663476) 

Petromaghetic  properties  were  analysed  gold  ore-bearing  objects  of  precambrian 
crustal  basement  within  the  limits  of  Ukrainian  shield.  Comparative  characteristic 
metallogenic  information  of  rockmagnetic  parameters  close  studied  of  gold  ores  has 
indicated  about  practical  significant  connection  between  gold-bearing  and 
petromagnetic  appearance.  Parameters  of  magnetic  hardness  have  correlated  best  of 
all  with  gold-bearing.  Interpretation  this  fact  was  fulfiled  by  creation  of 
magnetic-mineralogical  models.  With  that  end  of  view  we  have  detailed  studied 
ferromagnetic  minerals  of  gold  ore-forming  objects.  Supposedly,  afore-cited 
petromagnetic  peculiarities  gold  ore-forming  objects  have  formed  ferromagnetic 
sulfides.  Ferromagnetic  sulfides  are  genetic  connection  with  process  formation  gold 
ore.  We  have  reason  to  suppose  that  fixating  petromagnetic  peculiarities  have 
universal  information  in  relation  to  metallizing  process  of  crustal  basement  of 
Ukrainian  shield. 


The  magnetic  signature  of  pyrrhotite  bearing  metasedimentary  rocks 


Lutz  Kubler 

Geological  Survey  of  Sweden,  Uppsala,  Lutz.Kubler@sgu.se/Fax:  +46-18-179210 

Phyrrotite  bearing  rocks  are  known  to  produce  magnetic  anomaly  patterns  which  often 
differ  in  a  characteristic  way  from  those  observed  over  rocks  containing  magnetite. 
Thus  it  is  possible  to  use  the  magnetic  signature  for  a  first  and  rather  sure 
identification  of  certain  rocks  types.  They  are  mostly  metamorphic  sediments  of 
argiliceous  or  graywacke  type  in  which  graphite  may  be  closely  associated  with  the 
sulphide  mineral.  In  Sweden  there  are  several  localities  where  these  pyrrhotite  bearing 
rocks  occur.  One  of  them  is  situated  to  the  south  east  of  the  Skellefle  ore  province, 
near  Robertsfors.  Here  steeply  dipping  metasedimentary  rocks  cover  almost  4  map 
sheets  (10  000  km2).  The  anomaly  map  shows  a  narrow-spaced  but  very  consistently 
banded  pattern.  The  magnetic  properties  are  characterised  by  high  to  very  high 
Koenigsberger  values.  In  order  to  elucidate  the  petrofysics  and  geology  of  a  rock  unit 
producing  this  magnetic  signature  a  detailed  study  was  carried  out  in  an  area  of  high, 
positive  magnetic  amplitude.  The  magnetic  total  field  and  the  vertical  gradient  were 
measured  along  a  profile  114  meters  in  length.  Sampling  for  petrofysical 
measurements  (Density,  Natural  Remanent  Magnetisation  NRM,  Magnetic 
Susceptibility  Anisotropy  AMS)  was  carried  out  at  26  points  along  the  profile  by 
drilling.  The  mineralogy  was  examined  in  four  samples.  The  results  show  that 
pyrrhotite  is  the  principal  -  probably  the  only  -  magnetic  phase  and  its  NRM  dominates 
the  magnetic  properties  (5<Q<500).  The  orientation  of  NRM  is  not  consistent  along 
the  profile  which  may  be  one  of  the  causes  to  the  strongly  varying  vertical  gradients. 
However,  a  certain  affinity  to  the  largest  principal  axes  of  the  susceptibility  anisotropy 
tensor  is  observed.  AMS  is  strongly  bound  to  the  rock  texttire.  Within  two  shear  zones 
the  magnetic  texture  is  highly  disturbed. 


THERMAL  BEHAVIOUR  OF  THE  FERROMAGNETIC  FRACTION  ALONG 
THE  LOESS/PALAEOSOIL  SECTION  IN  NE  BULGARIA  -  A  HINT  FOR 
PALAEOCLIMATIC  CONDITIONS  DURING  SOIL  FORMATION? 

D.Jordanova.fli.  N.  Petersen  (2) 

(1)  Geophys.  Inst.,  BAS,  Acad.  Bonchev  Sir.,  bl.3,  1113  Sofia.  Bulgaria; 
vanedi@geophys.acad.bg;  (2)  Inst,  fur  Allgem.  Geophysik,  Ludwig-Maximilians- 
Univ.,  Theresienstrasse  41,  80333  Munchen,  Germany 

As  a  part  of  rock-magnetic  study  of  a  34-m  thick  loess/palaeosoil  section  in  NE 
Bulgaria,  thermomagnetic  analyses  of  75  samples  were  carried  out.  Three 
different  types  of  behaviour  are  commonly  recognised:  1)  recent  soil  So  shows 
maghemite  presence  with  Tc  of  350OC.  followed  by  an  appearance  of  new 
magnetic  phase,  causing  a  7-8-fold  increase  in  magnetisation  upon  cooling;  2) 
general  characteristics  of  all  unweathered  loess  units  are:  convex  up  Jsi(T)  curves 
with  single  Tc  of  600°C;  3)  palaeosoil  samples  exhibit  almost  reversible 
behaviour,  with  healing  curve,  characterised  by  the  presence  of  two  linear  parts  - 
up  to  200°C  and  20()-600OC.  Using  also  rock-magnetic  parameters  as  X,  He, 
Xfd%.  the  following  scheme  of  subsequent  processes,  which  determine  the 
magnetic  signature  along  the  section  studied,  is  considered:  I)''in  situ"  chemical 
weathering  of  the  loess  material,  providing  initial  Fe  supply  for  Fe304 
authigenesis:  2)  influence  of  different  geochemical  processes  in  soils  developed 
on  loess  as  a  parent  material  (chernozems,  grey-,  dark-grey  forest  soils).  A  link 
between  soil  chemistry,  palaeoclimatic  factors,  magnetic  enhancement  processes 
and  magnetic  grain-size  distribution  is  proposed. 


A  NEW  METHOD  OP  CALCUIATING  DEPTH  DISTRIBUTION 
OP  ROCK  MAGNETIZATION 

T.S. Lebedev. B.Ya.Savenko  (inst.  of  Geophysics, 
ilat  Ac  SoI“Ula?,  Palladin  av.52,  Kiev,  Ukraine 
252142 ;  E-mail :  r  oot:%ispnanu.  kiev .  ua<®  ua .  net ) 

The  calculations  are  based  on  the  results  of 
experimental  studies  of  the  remanent  magneti- 
zation(Ir)  and  magnetic  susceptibilityC  ae. )  of 
eruptive  rooks  at  high  hydrostatic  pressureCP) 
and  temperature(T) including  their  simultaneous 
(PT)  effect.  The  IT  experiments  were  made  on 
specialized  equipments  according  to  model  pro¬ 
grams  of  depth  distribution  of  P  (to  JOO  MPa) 
and  T  (to  30OOC)  for  specific  geologic  bodies. 
The  Ip  changes  were  Immediately  calculated 
from  experimental  PT  data.  The  behaviour  of  as 
was  caQ.oulated  from  experimental  data  of  radi¬ 
al  P  and  T  effect  for  respective  depths.  The 
studies  showed  that  the  contribution  of  Ip  to 
the  total  one  is  essential  in  the  near-surface 
crustal  beds.  At  great  depths  the  Ip  effect 
decreases  and  the  total  magnetization  will  be 
mainly  determined  by  the  inductive  component. 


TEMPERATURE  VARIATIONS  IN  DOMAIN  STATE  OF 
MAGNETITE-BEARING  VOLCANIC  ROCKS  AS  REVEALED  BV 
HYSTERESIS  MEASUREMENTS 

A.  A.  Kosterov ,  V.  A.  Shashkanov,  S.  I.  Morshchikhin 
Earth  Physics  Department,  Institute  of  Physics,  Sanct-Petersburg 
University,  Petergoff,  198904,  Sanct-Petersburg,  Russia;  E-mail: 
kosterov@snoopy.phys.spbu.ru 

Magnetic  hysteresis  loops  for  magnetite-bearing  volcanic  rocks  of  different  origin  and 
age  have  been  measured  at  temperatures  ranging  from  77  K  to  873  K.  Below  and  at 
room  temperamre  hysteresis  parameters  for  all  samples  are  in  PSD  range.  Moreover, 
this  PSD  state  remains  stable  up  to  750-800  K  depending  on  a  sample.  Between  250  K 
and  about  780-800  K  coercive  force  shows  just  slightly  faster  decrease  with 
temperature  than  saturation  magnetization,  compatible  with  largely  magnetostrictive 
control  of  coercivity.  Above  780-800  K  coercive  force  exhibits  much  slower  decrease 
with  temperamre,  which  indicates  that  the  transition  from  PSD  into  SD  state  occurs. 
Since  in  most  samples  over  70  per  cent  of  TRM  is  blocked  above  5000C,  and 
nucleation  of  new  domain  walls  in  weak  fields  is  strongly  inhibited,  TRM  is  likely  to 
be  initialiy  acquired  through  a  SD-like  mechanism.  At  further  cooling  this 
high-temperamre  SD  state  becomes  metastable,  and,  on  applying  magnetic  fields  at 
room  T  or  on  moderate  heating,  can  easily  evolve  into  a  non-SD  state  with 
significantly  lower  remanence.  Such  process  would  result  in  that  hysteresis  and  af 
demagnetization  characteristics  enter  the  PSD  range,  and  a  demagnetization  of  TRM 
at  ternperamres  lower  than  true  blocking  temperamres. 


CAMBRO-ORDOVICIAN  PALAEOMAGNETIC  RESULTS 
FROM  BORNHOLM  (DENMARK),  AND  IMPLICATIONS 
FOR  THE  DRIFT  AND  ROTATION  OF  BALTICA. 

M.  Lewandowski  (1)  and  N.  Abrabamsen  (2) 

(1)  Institute  of  Geophysics,  Polish  Academy  of  Sciences,  Ks.  Janusza64, 01-452 
Warsaw,  Poland,  (2)  DepL  of  Earth  Sciences,  Aarhus  University,  Finlandsgade  8, 
DK-8200  Aarhus  N,  Denmark.  Iemar@igf.edu.pI,  geofabe@aau.dk. 

From  the  Danish  island  Bornholm  191  sediment  cores  from  three  Lower 
Cambrian  formations  (Nexa  Sandstone,  Balka  Sandstone,  Granne  Skifre)  and 
limestones  from  tbe  Lower  Ordovician  Komstad  Kalk  Fm  have  been 
palaeomagnetically  analysed  by  PCA  Vector  Lines,  Subtracted  vectors  and 
Great-circle  tracks.  Using  Spherical  Density  plots,  5  to  6  clusters  of  magnetic 
components  were  obtained  by  each  method  (Al-Fl,  As-Es,  Ac-Eg)  mostly 
confirming  each  other,  althou^  not  all  clusters  are  significant  at  95%. 

Tbe  directions  Ds,  Es,  El,  Fl  are  not  yet  known  from  Baltica  in  the 
Pbanerozoic.  Considering  their  statistical  and  palaeomagnetic  significance, 
their  high  blocking  temperatures  and  their  bi-modal  polarity  pattern,  we 
suggest  that  these  directions  may  represent  both  near-primaiy  and  secondary 
magnetisations  of  Cambrian  age,  ordered  in  a  yet  unknown  sequence.  Their 
common  features  are  1)  shallow  inclinations,  suggesting  a  sub-tropical  position 
of  Baltica  when  these  components  were  acquired,  and  2)  significant  changes 
about  90*  of  declination  in  the  SE/NW  quadrants,  indicating  quite  fast  block 
rotations  of  Baltica  at  that  time,  provided  that  our  age  estimates  are  correct 
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MAGNETIC  CHARACTERIZATION  OF  MANGANESE  OXIDES  FROM 
THE  TAMBAO  LATERITIC  ORE  DEPOSIT  (BURKINA-FASO) 

P.-E.Math<.  O.  Henocque,  D.  Vandamme,  P.  Rochette,  M.  Makaya 
CEREGE,  Arbois  BP80, 13545  Aix-en-Provence  Cedex  04,  France 
pemathe@CEREGE.fr/Fax:  330442971540 

A  120m  depth  core  was  sampled  in  the  lateritic  manganese-ore  deposit  of  Tambao 
(Burkina-Faso),  which  derived  from  a  birrimian  hausmannite-rich  metacarbonate 
serie.  The  iron-manganese  minerals  associations  were  characterized  using  X-Ray 
diffraction,  optical  microscopy,  chemical  analyses. 

With  regard  to  the  Fe  content  ([Fe]<  5  wt%  in  the  whole  profile),  low-field 
susceptibilities  (0.5<x<  100.l0'®m^/kg)  indicates  that  Mn  (15<[Mn]<80  wt%)  must 
take  part  to  magnetic  minerals  in  the  parent  rocks  as  well  as  in  the  overlying 
weathered  units. 

On  one  hand,  and  among  other  rock  magnetic  parameters,  low-field 
thermomagnetic  curves  (from  -190  to  700'’C)  were  then  tested  to  characterize  these 
Mn  oxides  from  their  magnetic  transitions  as  well  as  their  thermochemical 
tranformations  under  heating.  On  the  other  hand,  magnetic  properties  were  used  to 
discrimate  between  inheritance  and  possible  neoformation  processes  of  Mn/Fe- 
oxides.  These  latter  processes  were  actually  suggested  by  the  fact  that  the  great 
variations  of  low-field  susceptibility  observed  in  the  parent  rocks  are  erased  in  the 
weathered  units. 


A  ROCK  MAGNETIC  STUDY  OF  A  REGIONAL  DEFORMATION  ZONE 
IN  THE  FENNOSCANDIAN  SHIELD 

H.  Mattsson  &  S.-A.  Elming 

Division  of  applied  geophysics,  Lulei  University  of  Technology 
Hakan.Mattsson@sb.luth.se/Fax  +46-920-91697 

The  StorsjOn-Edsbyn  Deformation  Zone  (SEDZ)  is  a  200  km  tong  and  10-30  km 
wide  zone,  which  strikes  NNW-SSE  through  the  central  parts  of  the  Fennoscandian 
Shield.  It  separates  a  1.7  Ga  old  granite  in  the  west  from  a  1.8  Ga  old  granite  and  a 

I. 9  Ga  old  granodiorite  in  the  east.  By  the  use  of  AMS,  susceptibility  versus  tem¬ 
perature  measurements,  thermal  and  AF  demagnetisation,  this  study  was  performed 
to  make  a  rock  magnetic  characterisation  of  the  SEDZ  and  to  test  an  existing  tec¬ 
tonic  model.  Samples  were  collected  mainly  along  two  profiles  crossing  the  zone, 
and  signs  of  deformation  existed  up  to  18  km  from  its  centre.  The  AMS  lineation 
rotates  from  vertical  at  the  centre  of  the  zone  to  sub  horizontal  at  distance,  indicat¬ 
ing  transpression.  There  are  examples  of  good  correlation  between  the  degree  of 
AMS  and  the  volume  susceptibility.  Two  unaltered  dolerite  sills  cutting  the  SEDZ 
have  a  paleomagnetic  age  of  c.  1250  Ma,  which  post  dates  its  movements.  A  pre 
existing  E-W  striking  and  moderately  dipping  regional  metamorphic  pattern  is 
partly  overprinted  by  the  SEDZ.  The  degree  of  AMS  and  the  volume  susceptibility 
generally  decreases  when  approaching  the  centre  of  the  zone,  probably  due  to  a  de¬ 
struction  of  magnetite. 


INCREASED  NRM  INTENSITY  DUE  TO  SEISMIC  VIBRATION 
Nils-Axel  Momer 

Paleogeophysics  &  Geodynamics,  Sweden,  momer  @  pog.su.se 

Sediments  that  have  been  subjected  to  ground  acceleration 
(earthquakes)  are  found  to  have  achieved  an  increased  magnetiza¬ 
tion.  This  is  because  the  grains  have  got  a  second  chartse  to  orient  in 
enliiunent  with  the  existing  magnetic  field.  20-15  years  ago,  we  noted 
that  there  was  a  very  sharp  intensity  peak  in  the  sediment  laid  down 
at  about  10,000  radiocarbon  years  ago  or  at  the  glacial  varve  known 
as  -1073  in  De  Geer's  varve  cfu-onology.  Later,  it  was  understood  that 
this  peak  coincided  with  an  exceptionally  large  earthquake  in 
Stockholm-Mariefred  area  in  Sweden  (MSmer,  1981,  1996).  The 
glacial  varves  are  of  special  interest  because  they  clearly  record 
grotmd  vibration.  We  have  notet  that  the  NRM  intensity  (cmd  polarity 
enlignment)  is  significemtly  increased  in  those  horizons  that  also 
record  vibrated  structures.  In  the  case  of  paleoseismically  induced 
liquefaction,  we  are  using  the  magnetic  signals  as  a  test  of  the 
fluidization  of  the  sediments.  Contrary  to  tectonized  convolution 
structures  (where  the  magnetixation  is  inverted),  liquefied  convolution 
structures  show  more  or  less  "normal"  polarization  with  respect  to  the 
horizontally  bedded  layers  below  and  above. 


ORIGIN  OF  COERCIVITY  IN  MULTIDOMAIN  MAGNETITE 

6.  Ozdemir  and  D.J.  Dunlop  (Physics  Department,  Erindale  College,  University  of 
Toronto,  Mississauga,  Ontario,  Canada  L5L  1C6) 

The  temperature  dependence,  as  weii  as  the  magnitude,  of  coercivity  is  different  for 
nucleation  and  various  types  of  defect  pinning.  Nucieation  leads  to  a  coercivity  Hj « 
K/M,,  where  K  is  the  predominant  anisotropy  constant  and  M.  is  saturation 
magnetization.  Wali  pinning  due  to  stress  fields  of  dislocations  or  planar  defects  gives 
H,  “  X/M„  where  X  is  magnetostriction  constant. 

We  have  measured  and  M,  as  a  function  of  tenqjerature,  T,  in  order  to  understand  the 
origin  of  coercivity  in  a  mm  size  single  crystal  of  magnetite  using  a  Micro  VSM  at  the 
IRM,  University  of  Minnesota.  The  experimental  H,(T)  data  vary  approximately  as 
i,„(T)/M,(T),  indicating  that  the  coercivity  in  the  present  multidomain  crystal  is  mainiy 
magnetoelastic. 

However,  there  is  a  smail  difference  between  the  experimentai  data  and  the  theoretical 
curves,  which  probably  arises  in  the  foiiowing  way.  The  theory  leading  to  the 
A|,|(T)/M,(T)  dependence  of  R,  is  for  a  single  dislocation  and  a  constant  wali  width  w. 
Most  theories  of  defect  controiled  microcoetcivity  predict  that  h,(T)  depends  on  w*(T), 
where  m  depends  on  the  number  and  arrangement  of  defects.  The  calculated  curve,  H,, 
(D  “  ^tii(T)w'”(T)/M,(T),  agrees  very  well  with  the  experimental  H,(T)  data.  This 
agreement  indicates  that  the  coercivity  in  muitidotnain  magnetite  is  controlied  mainly 
by  crystal  defects. 


LAKE  PARING  A:  A  CATCHMENT  STUDY  USING  MAGNETIC 
TECHNIQUES 

Clare  Peters  (1)  and  Gillian  Turner  (2) 

(1)  Department  of  Chemistry,  University  of  Edinburgh,  King’s  Buildings,  West 
Mains  Road,  Edinburgh,  EH9  3JJ,  Scotland,  (2)  Institute  of  Geophysics,  Vic¬ 
toria  University  of  Wellington,  PO  Box  600,  Weliington,  New  Zealand. 
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Mineral  magnetic  measurements  were  carried  out  on  sources  and  sediments 
from  the  Lake  Paringa  catchment.  South  Island,  New  Zealand.  The  Alpine 
Fault  runs  through  the  catchment  area  and  rocks  of  different  lithology  and 
age  outcrop  on  either  side  of  it.  The  measurements  indicate  the  sources  from 
the  east  of  the  Alpine  Fault  (schist  bedrock)  are  magneticaliy  soft  and  mag¬ 
netite  rich,  whereas  the  sources  from  the  west  of  the  fault  (greywacke  bedrock) 
are  magnetically  hard  and  haematite/goethite  rich.  Comparison  between  the 
sources  and  sediments  indicate  post-depositional  chemical  alteration,  namely 
the  formation  of  greigite  has  occcured  within  the  lake.  A  quantitative  unmixing 
technique  using  only  IRM  data  has  been  developed.  It  is  possible  to  quantita¬ 
tively  unmix  the  sediments  in  terms  of  their  sources  and  authigenic  greigite, 
thus  getting  an  indication  of  the  varying  contributions  from  east  and  west  of 
the  Alpine  Fault  to  the  different  areas  within  the  u-shaped  lake. 


TEMPORAL  SPECTRA  OF  SV 
M.  Reshetnyak 

Institute  of  the  Physics  of  the  Earth,  Moscow,  Russia,  123810. 
mOuipe .  srcc .  msu .  su 

Geomagnetic  field  is  generated  in  the  iiquid  core  of  the  Earth.  As  a  consequence 
of  the  vacuum  boundary  conditions  at  the  core-mantle  surface  only  the  normal 
component  of  the  field  propagates  through  the  surface  into  the  mantle.  Then, 
at  the  Earth’s  surface  we  have  3-D  magnetic  field  which  can  be  measured.  As 
a  conclusion,  because  of  the  specific  of  paleo-  and  archeomagnetic  measure¬ 
ments  we  have  at  our  disposal  the  different  time  series  for  the  anaiysis  such 
a  as  the  follows:  X-,  Y-,  Z-components,  the  intensity  F,  the  inclination,  I  and 
declination,  D.  It  is  not  clear  apriory  that  the  temporal  spectra  of  these  quan¬ 
tities,  as  well  as  the  geomagnetic  field  sources  itself,  are  the  same.  This  idea 
is  confirmed  by  some  experimental  date  (see  e.g.  (1]).  Here  we  propose  some 
numerical  models  of  SV  to  answer  this  question.  We  take  for  the  models  the 
follows:  the  model  of  oscillating,  wobbling  dipole  and  MAC-waves.  It  is  shown 
that  the  result  depends  drastically  on  the  level  of  the  stable  geomagnetic  field 
what  can  be  related  e.g.  to  the  time  intervals  without  reversals. 
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THE  PALEOCLIMATIC  SIGNIFICANCE  OF  ROCK  MAGNETIC 
PROFILES  FROM  LOESS-SOIL  DEPOSITS  IN  SW  GERMANY 

D.  Rumpler  (1),  C.  Brass,  P.  Kdssler  (1),  E.  Appel  (1).  E.  Bibus  (2) 
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Loess-Paleosol  sequences  in  SW  Germany  consist  of  alternating  loess  and  paleosol 
layers  with  intercalated  mixed  zones  and  redeposited  humus  zones  with  varying 
layer  thicknesses.  A  rock  magnedc  study  of  several  profiles  comprising  the  last 
two  glacial  cycles  has  been  carried  out.  The  danuning  wetness  drat  is  formed  in 
local  synclines  often  causes  the  diludon  of  magnedc  minerals  of  the  paleosols  and 
leads  to  a  significant  decrease  of  the  suscepdbility  (k)  signal.  This  is  confirmed  by 
low  values  of  k,  NRM  and  frequency  dependent  k  that  illustrate  a  lack  of 
.emichment  of  superparamagnedc  pardcles  in  these  secdons.  IRM  acquisidon  and 
thermal  demagnedsadon  of  SIRM  indicate  an  increasing  amount  of  hemadte. 
Despite  these  difficuldes  the  magnedc  suscepdbility  of  samples  that  have  been 
collected  at  parallel  secdons  at  distances  of  10  cm,  10m,  100m  and  10  km  can  be 
correlated.  From  this  point  of  view  we  suppose  that  despite  the  occurence  of 
chenucal  altetadons  in  the  soil  horizons  magnedc  suscepdbility  can  be  itsed  as  a 
proxy  parameter  for  paleoclimadc  invesdgadons  in  this  area. 


APPLICATION  OF  COMPLEX  MAGNETIC  WELL  LOGGING  FOR  THE 
STUDY  OF  TRAPS  IN  YAKUTIA  DIAMOND  BEARING  PROVINCE 

A.K.  Saraev  (1),  M.N.  Garat  (2),  B.S.  Parasotka  (2) 
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Traps  are  the  main  hindrance  for  geophysical  methods  which  are  used  in  the  search 
for  kimberlite  pipes  in  Yakutia  diamond  bearing  province.  A  study  of  their  properties 
and  structural  features  increases  the  reliability  of  geophysical  anomalies 
interpretation.  On  the  other  hand  on  the  base  of  studying  of  the  traps  it  is  possible  to 
make  conclusions  about  structural  features  of  sedimentary  rocia  containing  and 
overlaying  the  kimberlite  pipes.  Trap  sills  repeat  structures  of  sedimentary  rocks,  in 
which  they  were  intruded,  but  as  they  are  more  contrast  in  properties  it  is  more 
simple  to  study  them  by  geophysical  methods.  For  smdying  traps  magnetic  properties 
a  high-precision  WKMK-1  complex  magnetic  well  logging  instrumentation,  intended 
for  simultaneous  measurements  of  magnetic  susceptibility  %  with  accuracy  of  MO'’ 
SI  and  magnetic  field  vertical  component  AZ  with  accuracy  of  S  nT  was  created. 
The  complex  magnetic  well  logging  is  used  for  determination  of  a  geological  nature 
of  magnetic  anomalies,  differentiation  and  correlation  of  the  wells  sections,  traps 
mapping  in  %,  signs  of  magnetization  and  values  of  Qz  (vertical  components  of  a 
remanent  and  induced  magnetization  ratio),  investigation  of  kimberlite  pipes  of  a 
complicated  structure  (multiphase,  with  various  types  of  kimberlite,  overlaid  and 
intruded  by  traps  of  different  signs  and  values  of  magnetization),  determination  of  % 
and  Qz  parameters  of  rocks  for  creation  authentic  models  of  research  objects. 


METACARBONATES  FROM  THE  LESSER  HIMALAYA:  DO  THEY 
HAVE  POTENTIAL  FOR  PALAEOMAGNETIC  STUDIES? 
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Lesser  Himalayan  units  close  to  the  Main  Central  Thrust  contain  valuable 
information  for  studying  Himalayan  mountain  building.  However,  only 
medium  grade  metamorphic  rocks  are  existing  there.  A  pilot  stutfy  on 
metacarbonates  from  India  and  Nepal  support  the  suitability  of  these  rocks 
for  further  palaeomagnetic  investigations.  During  thermal  demagnetization 
the  NRM  is  mainly  unblocked  in  a  narrow  temperature  range  around  300°C. 
The  remanence  is  likely  to  be  carried  by  pyrrhotite  acquired  as  a  secondary 
TRM  during  regional  cooling  dated  around  20  Ma.  For  low  differential 
stress  only  brittle  deformation  is  expected  below  300°C  in  carbonate  rocks, 
Remanences  within  sites  demonstrate  that  indeed  a  consistent  directional 
behaviour  occurs.  For  the  Garwhal  Himalaya  (India),  well  grouped  mean 
site  directions  are  obtained  within  an  area  of  about  50  km  (6  sites,  45 
specimens,  k=19.5).  In  Central  Nepal,  a  softer  AF  demagnetization 
behaviour  is  observed,  and  remanence  directions  are  more  scattered  within 
sites  and  between  different  localities. 


THE  STUDY  OF  COMPOSITION  AND  SIZE  OF 
DISINTERGRATION  STRUCTURES  OF 
TITANOMAGNETITE  USING  THERMOMAGNETIC 
ANALYSIS 

Shamil  Z.  Ibragimov.  Pavel  G.  Yasonov 
Kazan  State  University,  Kazan,  Russia 
geod(gpmkgu.kcn.ru/Fax:007-8432-320267 

Original  composition  of  the  magnetite-ulvoespinel  solid 
solution  and  size  of  disintegration  structures  of  this  series  can  be 
determined  by  analysing  thermomagnetic  saturation  curves  of  the 
first  and  second  heatings.  The  method  is  based  on  the  comparison 
of  calculated  curves  with  experimental  those.  Used  for  calculating 
the  curves  which  model  titanomagnetite’s  homogenizing  while 
heating  a  sample  was  the  principle  that  titanomagnetite’s 
homogenizing  can  be  considered  to  be  a  process  of  interdiffusion 
of  titanium  and  iron  ions. 

The  results  of  the  Western  Yakutia  (Russia)  trap  studies 
display  good  correlation  with  those  of  microsound  analysis. 


ARTIFICIAL  MAGNETITE-BEARING  SEDIMENTS  WITH  DIFFERENT 
INITIAL  MAGNETIC  STATES  OF  MAGNETIC  PARTICLES:  FIELD 
DEPENDENCIES  OF  THEIR  ORIENTATIONAL  MAGNETIZATION 
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Eight  sets  of  sediments  have  been  deposited  in  horizontal  magnetic  fields  taken  within 
the  interval  0<H<48  Oe.  Each  set  consisted  of  eight  sediments  with  magnetic  particles 
in  a  fixed  initial  magnetic  state.  As  the  initial  magnetic  sutes  were  chosen  those  with 
TRMs  preliminarily  induced  in  the  magnetic  fields  h  in  the  range  0-300  Oc.  The 
magnetic  grains  were  submicron  magnetite  particles  extracted  from  crushed  iron  ore 
deposit  of  Kostomuksha  (Karelia).  Their  concentration  in  the  sediments  was  taken 
about  0.7  weight  per  cent  Analysis  of  the  obtained  experimental  results  allowed  to 
conclude  that  the  ordinary  Langevin  interpretation  cannot  give  a  real  picture  of  a 
deposition  process.  It  was  shown  that  all  the  complex  of  the  sediment  field 
dependencies  DRM(H,h)  had  to  be  considered  as  a  number  of  the  bimodal  Langevin 
processes:  DRM(H)  “  1(1)7  Lang  (H/Hchaotl)  +  I(2)7LBng  (HHchapt2),  where  1(1) 
and  1(2)  are  limit  magnetizations  of  modes,  Hchaotl  and  Hchaot2  -  respective 
chaotization  parameters  (Hchaotl  »  Hchaot2).  The  joint  analysis  of  data  on 
DRM(H,h)  dependencies  and  TRM  acquisition  in  Kostomuksha  magnetic  particles  had 
allowed  to  characterize  the  magnetic  microstructure  of  magnetite  particles  and  to 
formulate  some  elements  of  the  phenomenological  theory  of  TRM  process  in  them. 


UNUSUAL  LOW-TEMPERATURE  HYSTERESIS  AND  THER¬ 
MOMAGNETIC  BEHAVIOUR  OF  BASALTS  FROM  TENERIFE 
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Low  temperature  magnetic  techniques  provide  useful  methods  to  detect  the 
presence  of  certain  iron  oxides,  iron  carbonates  arid  iron  sulphides.  Iri  order  to 
further  elucidate  the  properties  of  natural  magnetic  minerals  we  have  performed 
(i)  thermal  demagnetisation  of  remanences  grown  by  cooling  to  5K  in  a  IT 
field  (ii)  low-temperature  A/,  -  T  and  X  -  T  experiments  and  (Hi)  hysteresis 
measurements  at  temperature  down  to  5K  using  a  magnetic  susceptometer 
{MPMS-i)  with  a  SQUID  detector.  Very  unusual  assymetrical,  double  wasp 
waisted  hysteresis  loops  have  been  found  in  basalts  from  Tenerife  where  they 
are  cooled  to  low  temperatures. 
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PERU  BASIN  SEDIMENTS:  CLUES  AS  TO  ALTERATIONS  TO  THE  NRM 

Urbat,  Mm  and  Dekkers,  MJ.  Paleomagnetic  Lab.  Fort  Hoofddijk,  Utrecht 
University,  Budapestlaan  17, 3584CD  Utrecht,  NL,  Urbat@geof.ruu.nI 

lUV  Sonne  cruises  78  (1992)  and  106  (1996)  were  designed  to  assess  the  range  of 
geochemical  conditions  of  pelagic  Peru  Basin  sediments.  We  present  the  paleo-  and 
rock-magnetic  results  obtained  from  Site  152/261  (7  04'S  /  88  28'W  in  4170m  water 
depth)  as  a  function  of  the  Fe-oxidation  state  downhole  to  a  depth  of  8  m. 
Magnetostratigraphic  results  are  straightforward  and  polarity  changes  of  the 
geomagnetic  field  can  be  traced  to  top  of  the  Olduvai,  A  normal  overprint  with 
directions  corresponding  to  the  Brunhes  Chron  characterizes  the  NRM  from  the 
Brunhes/Matuyama  boundary  (at  3.7  m)  downhole.  The  overprint  ceases  at  5.4  m.  This 
coincides  with  the  lower  boundary  of  an  interval  starting  at  2.6  m  (modem  Fe-redox 
boundary)  where  there  is  a  large  increase  in  Fe2+  (Moessbauer  spectoscropy).  Clues 
as  to  the  diagenetic  origin  of  parts  of  the  NRM  come  from  a  multi-parameter  approach 
using  standard  rock-magnetic  measurements  (ARM,  IRM,  susceptibility).  Alteration 
to  the  magnetic  signal  as  a  consequence  of  the  Fe-redox  boundary  can  be  shown  using 
multivariate  statistical  techniques  (fuzzy  c-means  clustering  and  non-linear  mapping). 
Low-temperature  measurements  (MPMS,  20K  -  300  K)  unravel  the  link  between  the 
interval  of  increased  Fe2+  and  the  concomitant  NRM  overprint.  Appearance  and 
disappearance  of  (re-precipitated)  very  fine  grained  magnetite  is  exactly  correlative 
with  this  interval. 


SE34  Rockmagnetism,  palaeomagnetism  and 
environmental  magnetism 

Convener:  Hoffmann,  V. 

02  Past  and  present  geomagnetic  field 

Convener:  Prevot,  M. 

Co-Conveners:  Love,  J.J.;  Schnepp,  E. 


On  the  age  calibration  of  the  Geomagnetic  Polarity  Time 
Scale 

P.  Agrinier.  Y.  Gallet  and  E.  Lewin 

all  at  IPGP,  4  place  Jussieu,  75252  Paris,  France. 

Our  knowledge  on  the  age  of  undated  events,  such  as  most  of  the 
reversals  of  the  geomagnetic  field,  is  not  null  if  a  time-order 
teladonship  can  be  found  between  these  events.  The  knowledge  on  a 
such  time-ordered  sequence  can  be  formalized  by  using  the  non- 
informative  (uniform)  prior  probability  density  distributions  for  the 
ages  of  undated  events  and  the  Bayes'  theorem  to  introduce  the  time- 
order  relationship  condition.  We  show  that  the  posterior  density 
probability  distributions  of  the  ages  of  events  of  unknown  age  are  given 
by  various  forms  of  Euler's  beta  distribution.  These  distributions  yield 
an  estimate  of  the  probability  for  an  event  of  unknown  age  to  occur  in  a 
given  age  interval. 

We  use  this  nnethod  to  build  appropriate  probabilistic  representations 
of  our  actual  knowledge  on  the  dating  of  the  magnetic  polarity  reversals 
during  the  Upper  Cretaceous  and  the  Cenozoic  taking  into  account  the 
uncertainties  arising  bom  the  non-regularity  of  spre^ng  rates  in  the 
South  Atlantic  ocean  and  from  the  quality  of  a  few  calibration  points. 
Both  types  of  uncertainties  generate  ambiguities  on  the  age  of  the 
magnetic  reversals  which  are  far  to  be  negligible. 

Finally  as  a  general  application  of  our  method,  we  have  carried  out 
computations  for  the  magnetic  polarity  sequence  over  the  last  75  Myr. 


KINEMATIC  RELATIONS  BETWEEN  MAGNETIC  (AMS,  AARM)  AND 
TECTONIC  FABRICS  FOR  THE  NIEMCZA  FAULT  ZONE,  SUDETES 
FORELAND,  SW  POLAND 

T.  Werner 

Institute  of  Geophysics  P.A.Sc.,Warsaw,  Poland 
twerner@igfedu,pl/Fax:+48  22  6915  915 

Anisotropy  of  magnetic  susceptibiiity  (AMS)  and  anisotropy  of  anhysteretic  remanence 
(AARM)  studies  are  being  performed  for  17  sites  with  mylonites,  gneisses,  gabbro, 
serpentinite  and  granitoids  within  the  Niemcza  Fault  Zone  located  in  the  Sudetic 
foreland  in  SW  Poland.  Previous  petrographic,  structural  and  microtectonic  studies  in 
sites  within  the  zone  support  the  process  of  mylonitization  of  the  Sowie  Mountains 
gneisses  in  the  strike-slip  sinistral  shear  zone  developed  along  the  eastern  margin  of  the 
Sowie  Mountains  block.  The  relations  between  magnetic  foliations  (AMS  kmin  and 
AARM  kmin  axes)  and  tectonic  foliation  planes  as  well  as  magnetic  vs  tectonic  lination 
recorded  on  sample  and  site  scale.  The  preliminary  results  indicate  that  they  may  be 
used  as  the  kinematic  indicatots  of  noncoaxial  deformation  with  dominant  sinistral  shear 
component  within  the  area.  The  regional  variability  of  the  magnetic  fabric  (both 
direction  and  anisomopy  parameters)  will  be  also  correlated  with  the  postulated  Sowie 
Mountains  gneissic  origin  of  the  Niemcza  zone  mylonites.  The  relation  of  the  magnetic 
fabric  of  the  gabbro,  serpentinite  and  granitic  bodies  with  those  of  the  mylonites  is  also 
tested. 


NUMERICAL  MODELS  OF  THE  GEODYNAMO 
J.  Bloxham  and  W.  Kuang 

Department  of  Earth  and  Planetary  Sciences,  Harvard  University.  Cambridge, 
MA  02138,  USA. 

blozhamCgeophys ics . harvard . edu 

Understanding  the  geodynamo  that  operates  in  the  Earth's  fluid  outer  core  and 
which  maintains  the  Earth’s  magnetic  field  against  Ohmic  decay  is  among  the 
most  challenging  problems  in  Earth  science.  Recently,  in  large  part  due  to  the 
work  of  Glatzmaier  and  Roberts,  numerical  modelling  has  shown  great  promise 
as  a  means  to  understand  the  geodynamo. 

However,  despite  these  encouraging  results  it  is  increasingly  becoming  clear  that 
numerical  geodynamo  models  do  not  yet  adequately  describe  the  geodynamo 
process.  In  particular,  the  models  do  not  operate  in  the  same  parameter  regime 
as  the  geodynamo  and,  furthermore,  include  assumptions  that  are  adopted  for 
reasons  of  numerical  expediency  rather  than  geophysical  reality. 

Here  we  contrast  two  different  numerical  models  of  the  geodynamo,  and  find 
that  although  both  generate  predominantly  dipolar  fields,  in  other  words  fields 
not  unlike  the  Earth’s,  there  are  considerable  differences  in  how  the  models 
operate.  We  demonstrate  that  these  differences  arise  from  the  manner  in  which 
the  viscous  boundary  layers  are  treated.  If  viscous  effects  play  a  sufficiently 
strong  role  {much  stronger  than  in  the  Earth’s  core),  we  can  obtain  solutions 
similar  to  those  of  Glatzmaier  and  Roberts.  However,  we  find  evidence  that 
solutions  in  this  regime  are  better  described  as  Ekman  or  weak-field  states  in 
which  the  magnetic  field  strength  is  controlled  by  viscous  effects. 


GEOMAGNETIC  VARIATIONS  IN  EASTERN  EUROPE 
DURING  THE  LAST  7500  YEARS 

Anatoly  S.  Borisov  (1),  F.  Heller  (2),  Damir  I.  Khasanov  (1), 
Danis  K.  Nurgaliev  (1),  Almaz  Sh.  Yakupov  (1),  Pavel  G. 
Yasonov  (1) 

(1)  Kazan  State  University,  Kazan,  Russia,  (2)  ETH  Zurich 
geod(gpmkgu.kcn.ru/Fax:007-8432-320267 

Generalization  of  the  available  observatory, 
palaeomagnetic  (lacustrine  sediments)  and  archaeomagnetic 
measurements  on  the  territory  of  East  European  Russia  indicated 
1)  good  correlation  between  observatory  and  palaeomagnetic 
data  and  2)  scarcity  and  scattering  of  archaeomagnetic  data. 
There  have  been  conducted  palaeomagnetic  investigations  of 
modern  sediments  of  two  lakes.  Radiocarbon  dating  and 
extensive  statistics  (4  to  5  columns  from  each  lake)  permitted  to 
draw  master  curve  for  the  last  3500-4500  years.  Variations  with 
periods  of  several  hundreds  years  have  been  marked  out  and 
correlated.  PSV  of  the  last  7500-8000  years  have  been  analysed. 
Acquired  data  have  been  compared  with  West  European  data. 
The  West  Drift  hypothesis  is  presently  being  considered. 
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PALAEOSECULARVARIATIONS  AS  RECORDED  IN  SEDIMENTS  OF 
ITALIAN  CRATER  LAKES 

U.  Brandt ,  N.R.  Nowaczyk ,  A.  Ramrath  and  J.W.F.  Negendank 
GeoForschungsZentrum  Potsdam 
brandt@gfz-potsdam.de/Fax:  +49-331-2881302 

Palaeomagnetic  records  of  the  geomagnetic  secular  variation  back  to  ca. 
32.000  and  ca.  100.000  have  been  obtained  from  two  sediment  cores  from 
Lago  di  Mezzano  and  one  core  from  Lago  Grande  di  Monticchio.  The 
investigation  comprises  magnetic  susceptibility,  NRM  and  ARM.  Intra  lake 
correlation  was  carried  out  by  using  the  data  of  continuous  high  resolution 
susceptibility  measurements.  NRM  and  ARM  of  all  4100  subsamples  were 
measured  with  a  fully  automated  cryogenic  magnetometer  including  AF- 
demagnetization  in  1 1  steps  up  to  100  mT.  The  ChRM-direction  records  were 
stacked  and  transformed  to  a  time  scale  to  perform  inter  lake  comparison, 
also  using  palaeosecularvariation  records  from  Lac  de  Joux  and  Lac  de 
Bouchet.  For  estimating  the  palaeointensities  the  NRM-intensity  of  the 
sediment  after  demagnetization  at  20  mT  was  normalisized,  using  the  results 
of  the  ARM-measurements.  The  results  agree  with  the  result  from  the 
Mediterranean  Sea.  The  calculated  ratio  of  ARM,,,  /susceptibilty  from  the 
sediments  of  Lago  di  Mezzano  reflects  very  clearly  the  changes  in  the 
composition  of  the  sedimentary  input,  controlled  by  global  climatic  changes. 


GEOMAGNETIC  EXCURSIONS  IN  THE  DEPOSITS  OF  THE 
DENISOVA  CAVE  (GORNY  ALTAI) 

Z.N.  Gnibidenko 

United  Institute  of  Geology,  Geophysics  and  Mineralogy  SB  R.\S,  Pr.  Ak,  Kop- 
tuiga  3,  Novosibirsk,  Russia  630090. 
magni-tOuiggm  .nsc.ru 

I  have  performed  paleomagnetic  investigation  of  the  Denisov  cave  in  Gorny  Al¬ 
tai.  The  sedimentary  deposits  of  the  Main  hall  of  the  cave  have  been  studied. 
200  oriented  sample-cubes  have  picked  out  from  layers  9, 21  and  22  of  the  main 
hall  of  the  cave  deposits.  All  investigated  samples  have  been  tested  by  tem¬ 
porary  magnetic  cleaning  and  thermal  demagnetization  at  200  C.  As  a  result 
of  this  cleaning  the  viscous  remanent  magnetization,  which  portion  forms  20- 
30practically  dont  change  direction  NRM,  but  slightly  decrease  its  value.  As  a 
result  of  peffomed  experiments,  the  paleomagnetic  column  was  obtained,  which 
was  coiwtructed  according  to  the  average  values  of  declination  and  inclination. 
In  this  columb  on  the  background  bf  normal  polarity  (Brunhes  chron),  peculiar 
to  the  Middle  Pleistocene,  two  of  reversed  polarity  horizons  in  upper  and  in 
lower  parts  of  layer  22  have  been  revealed.  Two  dates  RTL  there  are  for  layer 
22:  in  the  lower  part  of  the  layer  -  282  (51  ka  (RTL-548);  in  the  upper  part 
of  the  layer  -  225(45  ka  (PTL-547).  These  horizon  are  identify  with  geomag¬ 
netic  excursions.  The  conjugate  analysis  of  paleomagnetic,  thermolumiscence 
and  palinological  data  allows  to  correlate  the  chosen  excursion  of  Biwa  I  -  the 
upper  part  of  layer  22  and  of  Biwa  II  -  the  lower  part  of  layer  22. 


GEOMAGNETIC  PALEOSECULAR  VARIATION  IN  CROZET  ISLANDS 
(INDIAN  OCEAN)  ABOUT  ONE  MILLION  YEARS  AGO 

P.  Camps  (1),  B.  Heniy(2),  M.  Prdvot(l)  and  L.  Faynot(l) 

(1)  Laboratoire  de  Gdophysique  et  Tectonique,  CNRS  and  Universite  Montpellier  2 
prevot@dstu.univ-montp2.fr;  fax  :  +33  04.67.52.39.08 

(2)  Laboratoire  de  Geomagndtisme,  Institut  de  Physique  du  Globe,  Saint-Maur 

The  Possession  Island  of  the  Crozet  Archipelago  consists  of  volcanic  units  which 
empted  mainly  between  1.3  and  0.5  Ma.  A  paleomagnetic  sampling  was  carried  out 
along  several  sections  distributed  near  the  Northern,  Eastern  and  South-Eastern 
coasts.  A  total  of  37  independent  flows  were  sampled  (322  samples).  For  each 
flow,  a  precisely  defined  characteristic  remanence  Erection  was  generally  found 
after  alternating  or  thermal  progressive  cleaning.  The  magnetostratigraphy  of  the 
lava  pile  is  quite  simple,  with  reversed  (presumably  Matuyama)  rocks  in  the  lower 
part  and  normal  (presumably  Bruhnes)  units  in  the  upper  part.  In  contrast  to 
Watkins  et  al.  (1972),  we  do  not  found  any  intermediate  ditection  lying  in  between 
these  two  magnetozones.  The  amplitude  of  paleosecular  variation  is  estimated  from 
between-flows  directional  scatter  using  a  recently  proposed  vectorial  model  of 
geomagnetic  fluctuations  (Camps  and  Prevot,  1996). 


WHAT  CAN  WE  LEARN  WITH  EXPERIMENTAL  DYNAMOS? 
Ph.  Cardin 

Laboratoire  de  Geophysique  Interne  et  Tectonophysique,  BP  53,  38041  Greno¬ 
ble,  France. 

Philippe.CardinOujf-grenoble.fr/Fax:  [33]  4  76  82  81  01 
Laboratory  modeling  of  a  homogeneous  liquid  dynamo  is  difficult.  The  mag¬ 
netic  Reynolds  number  (po<rl/ L)  imposes  to  use  a  few  cubic  meters  of  liquid 
sodium  to  enable  to  observe  magnetic  self  induction  in  the  laboratory.  Experi¬ 
mental  constraints  and  differents  ideas  have  led  to  a  few  independant  research 
programs  :  Riga,  Karlsruhe,  Atlanta,  Madison,  Cadarache,  Lyon,  Grenoble... 
I  will  review  the  different  projects  and  try  to  give  their  goals  and  philosophy. 
I  will  discuss  how  good  these  experiments  are  for  geodynamo  modelling  and 
will  compare  them  to  numerical  simulations.  These  experiments  may  give  us  a 
physical  insight  of  the  fluid  mechanics  of  conductive  liquid  in  a  magnetic  field. 


TRANSITIONAL  FIELD  PALEOINTENSITY  FROM  TWO 
ICELANDIC  PLIOCENE  MAGNETIC  POLARITY  REVERSALS 

A.  Goguitchaichvili  and  M.  Prevot 

Laboratoire  de  Geophysique  et  Tectonique,  Universite  Montpellier2, 
34095  Montpellier,  France  e-mail :  goguitch@dstu.univ-montp2.fr 

We  carried  out  a  rock-magnetic  and  paleomagnetic  study  on  some 
Southwest  Icelandic  volcanic  rocks  recording  the  Rj  -  N3  and  Rs  -  Nj 
magnetic  polarity  reversals.  In  total  124  lava  units  and  4  baked 
sediments  (768  oriented  cores)  were  studied.  Standard  thermal  or 
alternating  field  cleaning,  viscosity  index  measurements,  susceptibility 
versus  temperature  experiments  under  vacuum  and  continuous 
thermal  demagnetization  of  PTRMs  were  performed  in  order  to 
determine  the  primary  paleomagnetic  component  and  to  select  the 
most  suitable  samples  for  Thellier  paleointensity  experiments.  The 
reverse  and  normal  flows  yield  paleostrengths  ,  close  to  the  present 
field  intensity.  Some  successful  determinations  from  intermediate 
flows  suggest  that  the  paleofield  was  reduced  significantly  during 
both  the  R3  -  N3  and  the  R5  -  Ns  polarity  transitions. 


STATIONARY  GEOMAGNETIC  FIELD  OF  THE  MATUYAMA  CHRON 
AND  JARAMILLO  SUBCHRON 

G.Z.  Gurarv.  tn.  V.I.  Bagin  (2),  A.V.  Garbuzenko  (1),  V.M.  Trubikhin  (1),  Kh. 
Nazarov  (3) 

(I)  Geological  Institute,  RAS,  (2)  Institute  of  Physics  of  the  Earth.  RAS.  (3) 
Geologicallnsiilute.  AS  of  Turkmenistan 
geomag@g!as.apc.org/Fax:  095-230-8040 

We  studied  the  Matuyama  chron  and  Jaramillo  subchron  in  sediments  of  West 
Tuiicmcnia.  Each  of  150  samples  (profile  1)  distributed  over  the  entire  interval 
corresponds  to  ca.  2.5  ky  interval  in  the  Matuyama  chron  and  to  ca.  1 .2  ky  in  the 
Jaramillo  subchron.  A  sample-by-sample  procedure  was  used  for  two  selected 
section  intervals  (profile  2).  The  first  selected  interval  covers  about  25  ky  of  the 
Matuyama  chron,  each  of  255  samples  corresponding  to  ca.  100  y.  The  second 
interval  encompasses  about  12  ky  of  the  Jaramillo  subchron,  and  each  of  237 
samples  corresponds  to  about  50  y.  Five  specimens  per  sample  were  thermally 
demagnetized.  Mean  directions  of  a  characteristic  component  of  magnetization  are 
D'’=187,  r=-56  and  D“=179,  r=-57  for  profiles  1  and  2,  respectively,  of  the 
Matuyama  chron.  and  D®3s349, 1®=58  and  D*=356,  i®=60,  for  the  same  profiles  of 
the  Jaramillo  subchron.  We  identified  the  only  geomagnetic  anomaly  about  0.5  ky 
in  duration  within  the  Jaramillo  subchron.  As  paleofield  intensity,  we  used 
NRM/ARM  ratio  in  the  300®-500®C  window.  Observed  periods  of  declination, 
inclination  and  field  intensity  range  from  0.5  ky  to  125  ky  in  the  Matuyama  chron 
and  from  0.25  ky  to  17  ky  in  the  Jaramillo  subchron. 

Thi.s  study  was  supported  by  grams  from  International  Science  Foundation  and 
Russian  Foundation  of  Fundamental  Studies. 
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CHARACTEWSTICS  OF  THE  EARTH’S  MAGNETIC  FIELD 
WHICH  NEED  TO  BE  EXPLAINED  BY  ANY  MODEL  OF 
SECULAR  VARIATION. 

C.  G.  A.  Harrison. 

University  of  Miami 
charrison@rsmas.miami.edu 

Much  work  has  recently  been  done  on  characterizing  the  Earth’s 
magnetic  field  for  use  in  developing  models  of  the  secular  variation. 
The  most  important  of  these  are  the  angular  standard  deviation  of  the 
field  (or  the  equivalent  virtual  geomagnetic  poles,  or  VGPs)  as  a 
function  of  observation  latitude,  and  the  scatter  of  intensity,  also  as  a 
function  of  latitude.  No  formal  scheme  has  been  suggested  for 
dividing  the  field  up  into  “usual”  behavior  as  contrasted  with  behavior 
expected  during  a  reversal.  Any  subdivision  into  results  which  give 
low  latitude  as  contrasted  with  high  latitude  VGPs  does  not  hold  up 
when  seriously  considered.  Modem  data  suggest  that  even  if  all  results 
are  considered,  the  VGP  scatter  increases  as  a  function  of  observation 
latitude.  These  and  other  results  will  be  discussed. 


SOME  GEOMAGNETIC  FIELD  FEATURES  IN  aw-MODELS 
P.  Hejda  (1)  and  M.  Reshetnyak  (2) 

(1)  Geophysical  Institute  ASCR,  Bochni  II 1401,  141  31,  Prague  4,  Czech  Re¬ 
public,  (2)  Institute  of  the  Physics  of  the  Earth,  Moscow,  Russia,  123810. 
imCuipe . srcc . nsu . su 

Numerical  simulations  of  axisymmetrical  au-dynamo  models  without  inner  core 
as  well  with  it  are  considered.  We  compare  some  of  the  wellknown  in  geomag¬ 
netism  characteristics  of  geomagnetic  field  such  as  spatial  spectrum,  reversals, 
dispersion  of  the  direction  of  geomagnetic  field,  bias  factor,  wave  propagation 
direction,  archeo-  and  paleo-  secular  variations  with  the  results  of  this  model¬ 
ing.  We  observe  some  different  regimes  of  geomagnetic  field  generation  which 
can  respond  to  the  epochs  of  the  frequent  reversals  as  well  as  the  complete 
absence  of  it.  The  last  regime  can  be  obtained  by  the  two  different  ways;  one 
can  increase  the  dynamo-number  V  [Ij  in  the  models  with  the  inner  core.  The 
solution  with  the  pole-equator  wave  propagation  has  been  obtained  in  [2]  for 
the  other  sign  of  J?.  We  discuss  a  link  between  these  results. 
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OBSERVATION  OF  FIELD  SYSTEMATICS  DURING  THE 
MATUYAMA-BRUNHES  REVERSAL  AND  THE  POSSIBLE  ROLE 
OF  ELECTRICAL  CONDUCTI  VfTY  WITHIN  D" 

Kenneth  A  Hoffman 

Physics  Depart.,  Cal  Poly  State  Univ.,  San  Luis  Obispo,  CA,  USA 
khoffman@pandora.calpoly.edu 

A  thick  sequence  of  Tahitian  lavas  records  the  Matuyama-Brunhes 
(M/B)  polarity  reversal  in  detail.  The  section  thus  far  sampled  contains 
only  transitional  directions  with  VGPs  that  continuously  migrate 
between  30°S  and  60°N  latitudes.  Yet,  a  significant  portion  of  the 
sequence  records  paleodirections  associated  with  VGPs  found  off  the 
west  coast  of  Australia,  forming  a  well-defined  cluster  that  overlaps  that 
reported  by  Chauvin  et  al.  (I9W)  at  a  distant  Tahitian  site.  Thus,  the 
two  datasets  are  dominated  by  VGPs  within  the  Australasian  cluster 
patch,  consistent  with  detailed  M/B  findings  from  the  Pacific 
Hemisphere:  Japanese  marine  sediments,  Chinese  loess,  and  Chilean 
lavas.  We  argue  that  M/B  field  behavior  within  this  hemisphere  was 
dominated  by  at  least  one  long-lived  field  configuration  caused  by  a 
concentrated  patch  of  vertically-directed  magnetic  flux  emanating  from 
the  core  near  western  Australia.  Such  a  flux  concentration  could  be 
produced  by  a  large  lateral  variation  in  electrical  conductivity  in  D" 
locking  in  added  flux  that  would  otherwise  diffuse  through  the  region. 


POLARITY  REVERSAL,  RECORDED  IN  DACITIC  VOLCANIC  ROCKS  FROM 
THE  DAMBALUK  VOLCANO,  EAST  RHODOPE  MOUNTAINS,  BULGARIA 

Vassil  Karioukovski 

School  of  Envixonmental  Scicnccs,Univcrsity  of  East  Anglia,  Norwich  NR4  7TJ,  UK 
e-mail;  e.kaiioukovski@uea.ac.uk 

Anomalous  positive,  positive  and  negative  directions  were  recorded  in  two  sites  in 
dacitic  effusive  rocks  from  the  Tertiary  Dambaluk  volcano,  Bulgaria.  The  samples 
come  from  flow  textured  lavas  and  lava  breccias,  and  according  to  saturation 
remanence  thermal  curves,  contain  magnetite,  TM4S  and  some  haematite.  High 
degrees  of  anisotropy  of  remanence  (1.1<P<2.3)  do  not  explain  the  origin  of  the 
anomalous  positive  directions.  Theliier  experiments  were  unsuccessful  as  both 
low  and  high-temperature  cleanings  were  unable  to  remove  a  positive  (probably 
thermal)  overprint  in  one  of  the  sites.  Subsequent  nradined  double  heating  Shaw 
experiments  revealed  the  scatter  in  the  directions  is  accompanied  by  a  similar 
scatter  in  the  palaeointensities,  ranging  from  S  to  61  pT.  It  is  suggested  that  these 
dacitic  rocks  have  been  extruded  during  a  protracted  period  of  time  and  have 
recorded  both  directional  and  intensity  changes  in  the  geomagnetic  field  during  a 
polarity  transition  in  the  Lower  Oligocene. 


CLIMATIC  INFLUENCE  ON  INDEPENDENTLY  DERIVED 
GEOMAGNETIC  PALEOINTENSITY  STACKS 

Y.  S.  Kok 

Paleomagnetic  Laboratory  “Fort  Hoofddijk",  Universiteit  Utrecht. 
yvoskokCgeof.TUU.nl 

The  coherence  of  two  independently  determined  geomagnetic  paleointensity 
stacks  for  the  last  200  thousand  year  could  validate  the  use  of  sedimentary 
cores,  either  the  conventional  way  [Guyodo  and  Valet,  1996]  or  by  inverting 
the  cosmogenic  ‘'’Be  production  rate  [FVant  et  al,  1997).  Both  compilations 
use  mainly  climatically  controlled  oxygen  isotope  records  to  date  and  syn¬ 
chronize  the  sedimentary  records,  while  this  very  curve  has  several  coherent 
features  with  the  supposedly  pure  geomagnetic  quantities.  Secular  variations 
in  '°Be  values  caused  by  climatically  induced  changes  in  deep-water  flow  are 
expected  in  most  of  the  cores  in  the  beryllium  stack.  Moreover,  conventionally 
determined  relative  paleointensity  records  show  correspondence  with  climatic 
features,  which  is  explained  by  an  inadequacy  in  the  normalization  techniques. 
Thus,  it  is  possible  that  the  extraction  of  pure  paleointensity  from  the 
sediments  has  not  been  accomplished. 
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STUDIES  OF  LATE  CENOZOIC  GEOMAGNETIC  FIELDS  IN  ICELAND 
L.  Kristiansson 

Science  Institute,  University  of  Iceland,  Dunhaga  3, 107  Reykjavik,  Iceland 
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Oujcropping  basement  rocks  in  Iceland  are  mostly  basalt  lava  flows  of  around  10  m 
average  thickness,  erupted  0  -  IS  Ma  ago.  Following  the  efforts  of  J.  Hospers  and 
others  in  the  1950's,  paleomagnetic  sampling  in  the  Icelandic  lava  pile  (as  described 
in  published  laboratory  studies)  has  amounted  to;  1500  flows  in  1960-71,  mostly  in 
Eastern  Iceland;  30(X)  flows  in  1972-79,  largely  in  K-Ar  dated  composite  sections  in 
various  parts  of  Iceland;  1700  flows  in  1980-95,  also  mostly  in  composite  sections. 
In  these  three  periods  the  most  common  number  of  oriented  sample^flow  was  2,  3 
and  4  respectively.  Results  from  several  sample  collections  remain  to  be  published. 
Sampling  has  emphasised  well-exposed  lava  profiles  with  minimal  disturbance  from 
tectonics  and  hydrothermal  alteration.  Little  has  been  collected  yet  from  intrusives, 
interbasaltic  sediment  beds,  Holocene  volcanics,  or  wet  sediments.  Icelandic  lavas 
are  characterized  by  the  simplicity  of  measurement  of  primary  remanence  direction, 
stability,  and  consistency  of  directional  results.  Individual  flow-mean  directions  are 
very  reproducible  between  sampling  sites  and/or  different  investigators,  and  the 
angular  distribution  of  these  is  ^so  similar  between  data  sets  of  300  flows  or  more. 
Main  uses  so  far  include:  local  stratigraphic  correlation  by  using  reversals  (and 
occasionally  excursions)  -  studies  of  the  overall  secular  variation  (which  is  greater 
than  predicted  by  some  models)  -  studies  of  transitions/excursions  (rarely  recorded 
in  any  detail)  -  radiometric  dating  of  polarity  boundaries  -  anomaly  interpretation. 

A  few  paleointensity  studies  have  been  made,  not  always  with  satisfactory  results. 
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SECULAR  VARIATION  AS  RECORDED  IN  PERMIAN  REDBEDS 
FROM  DOME  DE  BARROT,  FRANCE 

P.P.  Kruiver.  M.J.  Dekkers,  C.G.  Langereis 

Paleomagnetic  Laboratory  Fort  Hoofddijk,  Utrecht  University,  Budapest- 
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kruiver@geof.ruu.nl 

The  Permian  redbeds  of  the  D6me  de  Barrot  (Southern  France)  show 
variations  in  the  NRM  directions  which  resemble  those  of  secular 
variation.  To  verify  secular  variation  during  a  Superchron,  a  precise  time 
control  is  requited.  The  cyclic  sedimentation  pattern  of  the  redbeds 
provides  control  on  duration:  if  we  assume  the  cyclicity  to  represent  the 
precession  cycle  of  the  Earth,  the  sedimentation  rate  is  approximately  12.5 
cm/kyr.  A  preliminary  study  of  the  NRM,  measured  over  one  depositional 
cycle  (5  cm  sample  spacing),  reveals  that  inclination  varied  from  -35  to  15 
degrees  and  declination  from  195  to  225  degrees.  This  suggests  that  during 
a  Superchron  declination  and  inclination  swings  are  comparable  to  the 
present-day  secular  variation.  Currently  a  high  resolution  smdy  (<  1  cm 
sample  spacing)  of  the  NRM  directions  is  carried  out.  The  aim  is  to 
investigate  whether  the  observed  variations  in  directions  represent  purely 
geomagnetic  field  variations,  or  are  affected  by  diagenetic  processes. 


COMPARATIVE  ANALYSIS  OF  THE  SPECTRA  OF  THE 
GEOMAGNETIC  FIELD  AND  SUNSPOT  NUMBERS 

T.  V.  Kuznetsova.  L.  B.  Tsinilnik 

IZMIRAN,  142092,  Troitsk,  Moscow  region,  Russia 

vpetrov@top.izmiran.troitsk.ra/Fax:  +7  095  3340124 

A  method  of  nonlinear  spectral  analysis,  named  by  the  method  of  the  global 
minimum  (Planet.  Space  Sci.,  1997, 241)  has  been  usrf  to  find  the  spectrum  of  the 
longest  set  of  the  geomagnetic  field  measurements  at  Haitland  observatoiy  for 
1810-1995.  Analysis  of  the  calculated  spectrum  shows  that  measured  geomagnetic 
field  consists  of  stochastic  and  periodic  parts.  The  spectrum  of  aimual  geomagnetic 
field  has  the  powerest  spectral  peak  at  overlong  period  T=4761  yr  in  H  which  could 
be  the  2-nd  harmonics  of  the  well-known  period  T~1000  yr  found  in  paleomagnetic 
data.  The  next  (in  accordance  to  the  power)  period  is  T»334  yr  derived  earlier  from 
radiocarbon  data.  These  peaks  could  be  connected  in  principal  with  geodynamo. 
Comparative  detail  analysis  with  spectrum  of  annual  sunspot  numbers  for  1700- 
1995  calculated  by  us  shows  that  significant  spectral  peaks  of  the  geomagnetic 
spectrum  are  at  the  periods  that  (within  error  accuracy)  coincide  with  relevant  solar 
periods:  Gleissberg's  {T=86  yr).  Frits's  (T=55  yr),  Brieknet's  (T=36  yr)  cycles  and 
others.  These  results  presume  that  energy  of  the  Earth's  core  does  not  depend  from 
dynamo  mode  in  this  region  of  periods;  preferable  mode  is  determined  by  the 
external  action  (the  Sun). 


MORPHOLOGY  OF  GEOMAGNETIC  FIELD  CREATED  BY 
EARTH'S  INTERIOR  CURRENT  LOOPS 
V.  V.  Kuznetsov  and  V.  V.  Botvinovsky 

Institute  of  Geophysics  SB  RAS,  University  av.,  3,  Novosibirsk,  Russia  630090. 
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The  possible  configurations  of  current  loop  systems  are  estimated  that  could 
model  the  main  peculiarities  of  the  Earth’s  magnetic  field.  These  peculiarities 
are  dipolar  form,  world  magnetic  anomalies.  The  current  loops  system  parame¬ 
ters  are  estimated  that  must  be  varied  to  provide  the  observed  secular  variations 
of  geomagnetic  field.  Field  morphology  is  presented  by  magnetic  lines  in  the 
near-earth  and  Earth’s  interior  spaces,  also  by  equal  level  lines  on  the  globe 
(computer  images). 


NON-DYNAMO  MODEL  OF  THE  EARTH,  PLANETS  AND 
SATELLITES  MAGNETIC  FIELD  GENERATION 
V.  V.  Kuznetsov 

Institute  of  Geophysics  SB  RAS,  University  av.,  3,  Novosibirsk,  Russia  630090. 
kuzOuiggm . ns c . ru 

The  new  model  of  the  magnetic  field  generation  on  the  planets  and  satellites  is 
suggested.  This  model  is  based  on  the  "hot”  Earth’s  hypothesis  and  the  idea  of 
the  Hall’s  mechanism  of  the  current  generation  and  the  increase  of  the  initial 
magnetic  field.  This  small  initial  field  arises  in  the  phase  change  ’’condensation- 
evaporation”  on  the  inner  core  boundary  through  the  daily  rotation  of  the 
double  electric  layer.  The  change  of  regime  "condensation”  on  "evaporation” 
leads  to  the  polarity  change  of  the  double  electric  layer  and  the  geomagnetic 
field  polarity,  that  is  the  reversal.  The  existence  of  the  inner  core  of  satellites  in 
the  beginning  of  their  evolution  explains  the  magnetic  field  generation  in  their 
interior  in  the  past. 


GEOMAGNETIC  FIELD  INTENSITY  AT  HAWAII  FOR  THE  LAST 
400  KYRS  FROM  CORE  HSDP  (BIG  ISLAND,  HAWAII). 

Carlo  Lai  and  Catherine  Kissel 

Centre  des  Faibles  Radioactivitds,  91 198  Gif-sur-Yvette,  France 
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More  than  200  new  paleointensity  (Thellier-Thellier)  results  have  been 
obtained  from  core  HSDP,  which  penetrates  about  1000  meters  (230 
flows)  of  the  Mauna  Loa  and  Mauna  Kea  volcanic  series.  At  least  2 
determinafions  are  now  available  for  most  of  the  flows. 

In  general,  we  have  observed  a  high  percentage  of  succesful 
determinations,  so  that  the  HSDP  record  is  the  longest  continuous 
volcanic  record  of  geomagnetic  field  intensity  yet  reported.  The  average 
geomagnetic  intensity  over  the  entire  time  interval  is  close  to  the  present 
field  intensity  at  Hawaii.  For  the  last  -40  kyrs,  on  the  contrary,  the 
intensity  is  lower  than  its  present  value  in  consistency  with  previous  results 
from  Hawaii  (Mankinen  and  Champion,  1993a,b)  and  recent  sedimentary 
records  of  relative  paleointensity.  Over  the  entire  time  interval  there  are 
pronounced  intensity  lows  some  of  which  appear  to  be  correlated  to 
geomagnetic  events  revealed  by  a  directional  study  (Holt  et  al.,  1996)  and 
our  own  study.  Due  to  a  high  extrusion  rate,  the  record  is  very  detailed 
between  200  and  400  kyrs  and  its  general  trends  are  similar  to  those 
observed  in  the  relative  paleointensity  record  from  marine  cores. 


HIGH  RESOLUTION  STACK  OF  RELATIVE  PALEOINTENSITY 
RECORDS  FOR  THE  LAST  80  KYRS  FROM  NORTH  ATLANTIC 
DEEP  SEA  CORES. 

C.  tail  It.  C.  Kissel  (1),  A.  Maraud  (1),  L.  Beck(l),  M.  Elliot(l),  I.  Stoner  (2), 
I.E.T.  Channell  (2),  A.  Voelker  (3),  M.  Samthein  (3). 
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We  have  obtained  new  relative  paleointensity  records  from  cores  PS2644-5  and  SU 
90  -24  recovered  from  the  southwestern  Iceland  Basin  and  the  Irminger  Basin,  and 
from  cote  MD  90-34  located  in  the  Bermuda  Rise.  These  new  records  were  stacked 
together  with  previously  obtained  and  partially  published  records  from  the  Labrador 
Sea  (core  P-094)  and  from  ODP  Leg  162  (Site  983).  The  stack  was  made  by  finding 
the  best  agreement  between  the  paleointensity  records  through  selection  of 
characteristic  tie  points,  using  the  Analyserie  program.  The  time  scale  of  core  PS 
2644  was  used  as  a  reference,  because  this  core  is  characterized  by  both  high  density 
AMS  14C  dates  since  about  50  ka  and  a  precise  oxygen  isotope  stratigraphy.  The 
differences  between  tie-point  ages  from  individual  paleointensity  records  and  tie-point 
ages  in  the  stack  is  usually  a  few  kyr,  but  may  locally  reach  5  kyr  for  some  cores  in 
specific  intervals  where  the  oxygen  isotope  stratigraphy  is  ill  defined.  Significant 
differences  between  individual  records  are  present  in  the  0-20  kyrs  interval.  In  the  20- 
80  kyr  interval,  on  the  other  hand,  the  stacked  record  is  well  defined  and  several  small 
scale  features  may  be  correlated.  This  record  documents  a  picture  of  the  geomagnetic 
field  with  a  pronounced  low  at  40  ka,  related  to  the  Laschamp  event,  a  well  marked 
broad  maximum  at  about  48  ka  then  a  progressive  decrease  to  a  marked  low  at  63  ka. 
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RELATIVE  PALEOINTENSITY  DETERMINATIONS  FROM 
MARINE  SEDIMENTS:  AN  EMPIRICAL  CORRECTION  FOR 
GRAIN  SIZE  VARIATIONS. 

Benoit  Lehman,  Carlo  Laj  and  Catherine  Kissel 
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We  have  attempted  to  correct  normalized  magnetization  records  from 
deep  sea  cores  for  the  effect  of  grain  size  variation,  in  order  to  obtain 
geomagnetic  paleointensity  records  from  cores  which  do  not  entirely 
meet  current  selection  criteria  for  paleointensity  estimates. 

Values  of  NRM/ARM  ratios  were  obtained  continuously  on  the  entire 
length  of  the  cores  using  the  u-channel  technique  in  connection  with  a 
small  access  cryogenic  magnetometer.  Values  of  the  coercivity  he  (which 
is  considered  as  a  proxy  for  grain  size  changes  (Heider  et  al.,  1987))  were 
obtained  every  5  cm  with  an  AGFM.  A  specific  filtering  technique  reveals 
a  linear  relationship  between  he  and  NRWaRM,  which  has  been  used  to 
correct  the  normalized  magnetization  record. 

Application  to  Core  SU90-08  obtained  in  the  Ruddiman’s  zone  in  the 
North  Atlantic.brings  the  normalized  record  very  close  to  the  SINT-200 
profile.  Furthermore,  the  correction  reduces  correlation  with 
environmental  parameters  to  an  unsignificant  level. 


N  ->  R  POLARITY  TRANSITION  IN  THE  MATUYAMA 
FROM  THE  JORDAN  RIFT,  NORTHERN  ISRAEL 

Shaul  Levi  (1)  and  Hagai  Ron  (2) 

(1)  College  of  Oceanic  and  Atmospheric  Sciences,  OSU; 
email:  slevi@oce.orst.edu  (2)  The  geophysical  Institute  of  Israel 

We  report  first  results  of  our  paleomagnetic  studies  of  the  upper 
Olduvai  N  R  transition  from  exposed  lacustrine  sediments  of  the 
Erk-el-Ahmar  Formation  in  the  Jordan  River  valley,  just  south  of  the 
Sea  of  Galilee,  Israel.  We  sampled  and  measured  more  than  a  hundred 
specimens  from  a  5  m  secdon,  and  the  stable  characteristic  remanence 
was  obtained  by  stepwise  alternating  fields  demagnetization.  From 
Magnetostratigraphy  the  estimated  average  sedimentation  rate  is  about 
0.25  mm/yr  (25  cm^a).  A  nearly  antipodal  reversal  occurs  in  about  5 
cm-on  the  order  of  200  yrs.  In  the  6  ka  that  precede  this  boundary 
there  are  two  zones  of  sub-horizontal  inclinations,  where  the 
declinations  are  rotated  counter-clockwise  about  30°.  The  more 
persistent  of  these  episodes  is  about  0.75  m  (-3  ka)  below  the  reversal 
of  the  directions.  Outstide  these  zones  the  field  has  regular  normal  or 
reverse  directions.  We  are  currently  assessing  these  sediments  as 
candidates  for  relative  paleointensity  determinations. 


DETERMINATION  OF  THE  ANCIENT  GEOMAGNETIC  HELD  INTENSITY 
USING  THE  MESOCAINOZOIC  PERIOD  EFFUSIVE  ROCKS  OF  ARMENIA 

Minasyan  D.O.,  Karakhanyan  A.K.,  Vardanyan  A.A. 

Information  about  the  H(anc)  is  important  both  for  study  of  the  Earth  core  evolution 
and  development  of  the  geomagnetic  field  generation  theory.  In  the  present  work  the 
results  of  H(anc)  determination  by  means  of  mesocainozoic  effusive  rocks  are  given. 
The  investigation  was  carried  out  according  to  Telye  and  H(e)  method.  With  the 
purpose  of  distinguishing  the  samples  suitable  for  H(anc)  determination  a  complex  of 
laboratory  investigations  was  applied  which  included  thermomagnetic  analysis  by 
means  of  I(st)  and  I(s)  curves,  making  of  I(n),  I(n)  curves  as  well  as  the  coercive 
spectra  by  means  of  I(n)  I(ri)  and  I(n).  According  to  the  laboratory  investigations 
analysis  the  collection  of  effusive  rocks  was  divided  into  3  groups  regardless  of  I(n) 
age  and  polarity.  Ferromagnetic  fraction  of  the  first  group  is  represented  mainly  by 
magnetite,  which  is  the  bearer  of  thermoresidual  magnetism  to  the  time  of  formation 
of  these  rocks.  In  the  second  group  primary  magnetite  and  secondary  titanomagnetite 
are  available.  I(n)  of  these  rocks  is  thermoresidual.  In  the  third  group  the 
ferromagnetic  fraction  is  represented  by  primary  magnetite  and  maggemite  of 
secondary  origin.  For  the  H(anc)  determination  all  the  samples  of  first  and  second 
groups  were  used,  as  well,  as  well  as  a  part  (with  good  Telye  curves)  of  the  third 
group.  On  the  average  the  H(anc)  value  is  near  to  the  contemporary  one,  but  certain 
increasing  is  observed  from  the  lurassic  till  Quaternary  period. 


REVIEW  OF  THE  LASCHAMP  EVENT  -  PALEOMAGNETIC  SIGNATURE 
AND  NEW  AGE  DETERMINATIONS  BY  AMS”C 

N.R.  Nowaczvk  &  M.  Antonow 

(1)  GeoForschungsZentrum  Potsdam,  Germany,  (2)  Freiberg  University, 
Germany 
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Paleomagnetic  investigations  performed  on  volcanic  rocks  near  a  small 
village  called  Laschamp  30  years  ago  cleady  revealed  Intermediate  to 
almost  reversed  directions  defining  the  Laschamp  event.  Although  the 
results  were  subject  of  doubts,  mainly  because  of  inprecise  age 
determinations,  finally  this  geomagnetic  event  could  be  verified  at  different 
locations  over  the  globe.  Many  reconls  of  the  Laschamp  event  (and  also 
other  events)  couk)  be  derived  especially  from  marine  sediments  mainly 
from  northern,  but  also  southern,  high  latitudes,  where  always  a  full  reversal 
of  the  local  field  vector  could  be  detected.  A  lot  of  different  rock  magnetic 
Investigations  performed  on  these  sediments  proved  that  normal  and 
reversed  directions  are  carried  by  the  same  magnetic  mineral  assemblage 
and  are  not  due  to  disturbances  of  the  sediments. 

New  uncalibrated  AMS’^C  determinations  yielded  an  age  range  of  31  to  34 
ka.  However,  these  ages  have  to  be  shifted  backward  in  time  by  several 
thousands  of  years  as  especially  the  Laschamp  event  is  linked  to  very  low 
field  intesities,  This  could  be  shown  by  absolute  intensKy  determinations  on 
volcanics  as  well  as  by  relative  paleointensity  estimates  from  sediments. 


MAGNETOSTRATIGRAPHY  OF  LONG  SEDIMENT  CORES  FROM 
LAKE  BAIKAL,  SIBERIA,  SITES  BDP-93  AND  BDP-96 

N.R.  Nowaczvk 

GeoForschungsZentrum  Potsdam,  Germany) 
nowa@gfz-potsdam.de 

In  1993  two  ca.  100m  long  sediment  cores  were  drilled  at  the  Buguldeika 
Ridge  in  Lake  Baikal  (Cores  BDP-93-1  and  -2).  A  collection  of  894 
samples  taken  from  BDP-93-2  at  about  8cm  intervals  was  analyzed  for 
high-frequency  variations  in  magnetic  susceptibility  and  paleo-magnetic 
directions  and  intensKy.  During  the  drilling  campaign  in  1996  on  the 
Academician  Ridge  a  196m  long  core  (BDP-96-1)  and  a  100m  long  core 
(BDP-92-2)  were  recovered.  Samples  each  20  cm  from  this  sKe  yielded  a 
detailed  polarity  sequence  that  was  correlated  to  the  geomagnetic 
polarity  time  scale.  In  general,  sedimentation  rates  on  the  Academician 
Ridge  are  lower  by  a  factor  of  6  when  compared  to  Buguldeika  Ridge. 


STATISTICAL  ANALYSIS  AND  MODELING  OF  VARIATIONS 
IN  THE  GEOMAGNETIC  FIELD 
J.D.  Pelletier 

Mail  Code  150-21,  Caltech,  Pasadena,  CA  91125,  USA. 
jonCgps.caltoch.edu/Fax;  626-585-1917 

Power  spectral  analyses  of  the  dipole  moment  of  the  earth’s  mapietic  field 
inferred  from  ocean  sediment  cores  and  archeomagnetic  data  from  time  scales 
of  100  yr  to  4  Myr  have  been  carried  out.  The  power  spectrum  is  proportional 
to  1//  where  /  is  the  frequency.  These  analyses  compliment  previous  work 
which  has  established  a  1//*  spectrum  for  variations  at  time  scales  less  than 
100  yr.  Power  spectral  analyses  of  inclination  and  decimation  inferred  from 
lake  sediments  from  time  scales  of  10  yr  to  30  kyr  have  also  been  performed. 
The  spectra  are  constant  above  time  scales  of  3  kyr,  proportional  to  1//’  from 
time  scales  of  500  yr  to  3  kyr,  and  constant  again  below  time  scales  of  500 
yr.  The  3  kyr  time  scale  is  associated  with  the  decay  time  of  the  quadrupole 
moment.  We  test  the  hypothesis  that  reversals  are  the  result  of  variations  in 
dipole  intensity  with  a  1//  spectrum  which  occasionally  are  large  enough  to 
cross  the  zero  intensity  value.  Synthetic  binormal  time  series  with  a  1//  power 
spectrum  representing  variations  in  the  earth’s  dipole  moment  are  constructed. 
Synthetic  reversals  from  these  time  series  exhibit  statistics  in  good  agreement 
with  the  reversal  record.  1//  noise  behavior  is  reproduced  with  a  model  of 
magnetic  diflusion  in  the  earth’s  core  driven  by  dynamo  action  modeled  as  a 
random  amplification  or  destruction  of  the  local  magnetic  field. 
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LONG  TIRM  VARIATIONS  OF  THE  MAIN  GEOMAGNEnC  FIELD 
FEATURES :  GLOBAL  VERSUS  REGIONAL  ANGULAR  SCATTER 

P.  Rofhpttc  &  D.  Vandamme  (CEREGE,  University  of  Aix-MarseiUe  HI  - 
B.P.  80  - 13  545  Aix  en  Provence  Cedex  04  -  France)  rochette@cerege.fr 

Lottg  term  features  of  the  MGF,  angular  standard  deviation 
(ASD)  of  VGP,  as  well  as  dipole  moment  and  reversal  rate,  seem  to 
covariate  during  Phanerozoic  :  high  reversal  rates  and  ASDs  are 
observed  during  paleointensity  lows  in  Tertiary  and  Jurassic  periods.  W  e 
will  concentrate  on  ASD  variation  versus  time,  checking  how  robust  is 
the  globai  average  model  with  respect  to  the  problem  of  a  priori  or 
recursively  adjusted  cutoff  angle  and  compared  to  regional  studies. 
Examples  from  Galapagos  hot  spot  (0-2  Ma),  Ethiopian  (30  Ma)  and 
Deccan  (65  Ma)  traps,  together  with  the  Esterel  volcanics  (270  Ma)  will 
be  detailed.  For  the  Tertiary  the  case  for  low  dipole  and  relatively 
strong  non  dipole  field  will  be  discussed. 


SOME  ASPECTS  OF  PLIO-QUATERNARY  GEOMAGNETIC 
FIELD  IN  GEORGU  (CAUCASUS) 

D.  Sohgashvili,  (I)  A.  Goguitchaickvili,  (1,2)  E.  Pavlenichvili,  (I)  and 
G.  Maissuradze  (3) 

(1)  Tbilissi  State  Univ.  Chavtchavadze  3, 380002  Tbilissi,  Georgia 

(2)  Lab.  Tectonique  et  Geophys.,  U.  Montpenier2,  34095  France 

(3)  Inst,  of  Geology,  Alexidze,  9  Tbilissi,  380009  Georgia 


Since  L.  Vekoua’s  1961  pioneering  study,  several  paleomagnetic 
works  were  devoted  to  the  Georgian  Plio-Quatemary  volcanics 
(Sologachvili,  1986  ;  Camps  et  al.,  1996  ;  Goguitchaichvili  et  al., 
1997).  In  total  more  than  400  lava  flows  coming  from  47  sites  were 
studied.  In  most  cases  a  single  magnetization  component  was 
detected,  generally  carried  by  a  Ti-poor  titanomagnetite.  In  general 
the  the  magnetozones  correlate  reasonably  well  from  site  to  site. 
Combined  paleomagnetic  and  geocronological  data  suggest  that 
almost  all  geomagnetic  polarity  citrons  are  recorded  in  these  rocks 
since  4  M.a.  Paleointensity  studies  using  mainly  the  Thellier  method 
provide  evidence  for  a  relatively  low  field  during  reversals  in 
comparison  to  both  the  post  or  pretransitional  geomagnetic  fields.  A 
field  reduction  seems  to  occur  sometime  just  before  reversal. 


PALEOMAGNETIC  FIELD  INTENSITY  RECORDED  IN  LOESES  OF  THE 
UZBEKISTAN,  53-22  KA 

G.A.Pospelova,  Z.V.  Sharonova 

United  Instimte  for  the  Earth  Physics  of  RAN,  Moscow,  Russia 
uspen@inmech.msu.su  /  Fax:+7-095-254-90-88 

The  time  interval  with  two  geomagnetic  excursions  Mono  and  Kargapolovo  (the  age 
of  excursions  are  about  28  Ka  and  45  Ka  respectively)  was  taken  for  estimation  of 
paleointensity  near  and  during  the  excursions.  These  excursions  have  been  studied  in 
the  loese  section  Uzbekistan,  which  was  made  in  bored  well.  The  estimation  of 
relative  paleointensity  (F)  was  accomplished  using  the  measurements  of  Rnst= 
Int/lrst  after  the  samples  heating  with  350  C.  The  thickness  scale  data  were 
converted  to  the  time  scale  and  correspond  to  the  age  53  -  22  Ka.  Rns  curve  was 
compared  with  the  other  paleointensity  records  from  60  Ka  to  the  present  time.  This 
allowed  to  compare  F  widi  the  value  of  modem  dipole  moment  field  (Fp).  The  global 
maximum  of  F,  exceeded  Fp  in  1.3  times,  corresponds  to  the  age  51  Ka.  The 
average  reduction  of  F  up  to  0.4  Fp  have  been  registered  from  50  -  35  Ka.  The 
second  maximum  with  the  amplitude  less  than  Fp  was  registered  for  35  -  24  Ka.  It  is 
devided  by  the  short-time  minimum,  corresponded  to  the  age  29-27  Ka.  The 
excursion  Kargapolovo  occured  during  the  first  minimum,  the  excursion  Mono 
occured  during  the  second  one.  The  low  mean  values  of  F  have  been  obtained  not 
only  during  geomagnetic  excursions,  but  also  before  the  beginning  of  excursions  and 
after  the  termination  of  its.  The  geomagnetic  periods  of  secular  variations  of  F  are 
close  to  the  periods  of  angles  variations  (declination  and  inclination)  and  the  periods 
of  variations  of  scalar  magnetic  parameters. 


The  Earth  obliquity  osciliations,  probable  cause  of  the 
magnetic  polarity  reverses. 

by  Yves  REYRE,  University  of  Avignon,  France. 

The  palynology  of  the  Cretaceous/Tertiary  and  the 
Plio/Peistocene  transitions  shows  the  "tropical"  floras 
proceeded  up  the  paleolatitudes  during  the  normal 
polarity  chrons  while  the  "boreal"  floras  proceeded 
down  them  during  the  reversed  polarity  chrons. 
Eco-climatologically  these  migrations  give  place  to  an 
alone  explanation:  the  Earth  obliquity  oscillations. 

Then  it  is  suggested  that  these  obliquity  oscillations 
have  also  governed  the  geomagnetic  polarity,  that  by 
the  way  of  the  Earth  precession  alternatings:  reversed 
polarities  during  the  positve  precession  times  and 
normal  during  the  retrograde  ones,  like  to  day. 

The  prime  cause  of  the  whole  process  could  be  the 
slow  inovements  of  materials  inside  the  mantle 
(rotational  wants  of  balance  /  gravital  requilibrations) 


PALEOMAGNETISM  AND  PALEOINTENSITY  RESULTS  OF  LATE 
CRETACEOUS  BASALT  FROM  MADAGASCAR 

Janna  Riisager  (I),  Mireille  Perrin  (1) 

(I)  Laboratoire  de  GUophysique  et  Tectonique,  UniversitU  Montpellier  II,  France 
voronina@dstu.univ-montp2.fr /Fax:  +33  4-67-52-39-08 

145  cores  (15  sites)  were  drilled  in  the  late  Cretaceous  flood  basalt  (-88  Ma)  located 
in  the  northwestern  part  of  Madagascar.  Samples  were  studied  by  conventional 
thennal  and  alternating  field  (AF)  demagnetization.  Most  of  the  samples  were  affected 
by  lightning,  inducing  an  IRM.  In  many  cases  the  remagnetization  was  only  partial  and 
could  be  removed  by  AF.  Nine  sites  out  of  15  yielded  a  reliable  site-mean  direction 
and  a  paleomagnetic  pole  of  1=75.4  N,  f=228.9  E,  A95  =  4.8  ,  k  =  1 16.8,  N  =  9  was 
obtained.  This  pole  is  statistically  identical  to  the  late  Cretaceous  paleomagnetic  pole 
obtained  for  Africa,  and  hence,  indicates  that  drift  of  Madagascar  away  from  Africa 
had  ceased  prior  to  the  volcanism  (-88  Ma)  as  also  supported  by  the  magnetic 
lineations  of  the  western  Somali  Basin.  Only  one  site  seemed  completely  unaffected  by 
lightning,  and  a  paleointensity  of  6 1.5  S5.5  mT  (VDM=  10.7  ;;;;0.9  A  1022  Am2)  was 
obtained  using  the  Thellier  paleointensity  technique.  This  intensity  is  somewhat  higher 
than  previously  published  results  from  ^e  Cretaceous  Normal  Superchron. 


300  KYRS  OF  GEOMAGNETIC  PALEOSECULAR  VARIATION 
DURING  THE  BRUNHES  PERIOD  FROM  A  VOLCANIC  SECTION 
AT  EL  HIERRO  (CANARY  ISLANDS). 


(1)  C.F.R.,  CEA-CNRS,  Gif/Yveite,  France,  (2)  Volcanological  Station  of  the 
Canary  Islands,  CSIC,  La  Laguna,  Tenerife,  Spain. 
Nadia.Szeremeta@cfr.cnrs-gif.fr/Fax:  01  69  82  35  68 

A  sequence  of  69  flows  was  sampled  in  the  El  Golfo  formation  at  El  Hierro  (Canary 
Islands).  Radiometric  datings  at  8  regularly  spaced  stratigraphic  horizons  bracket  this 
section  between  442  ka  and  133  ka.  Thermomagnetic  analysis  indicate  that  the 
magnetic  carriers  are  magnetites  or  titanomagnetites  with  variable  Ti-content.  AF  and 
thermal  stepwise  demagnetization  isolate  the  same  single  stable  normal  polarity 
component.  The  mean  inclination  is  shallower  than  expected  from  the  axial  dipole 
field  resulting  into  VGPs  laying  beyond  the  geographic  pole.  The  VGP  scatter  is 
consistent  with  McFadden’s  data  base  and  model  G.  Howcvei^,  in  the  lower  part  of  the 
section  declinations  appear  to  be  deviated  eastward  by  some  15®,  suggesting  that  this 
part  may  have  undergone  a  clockwise  rotation.  This  hypothesis  is  not  inconsistent 
with  the  known  structural  pattern  of  El  Hierro.  The  scatter  of  the  VGP  with  respect 
to  the  mean  pole  appears  to  be  significantly  smaller  in  the  lower  part  of  the  section 
than  in  the  upper  part.  As  there  is  no  evidence  for  high  variation  of  the  extrusion 
rate,  this  may  indicate  that  the  amplitude  of  the  paleosecular  variation  was  slightly 
reduced  in  the  Canary  Islands  in  this  period. 


N.  Szeremeta  fn.  C.  Laj  (I),  H.  Guillou  (1),  C.  Kissel  (1),  and  J-C.  Carracedo  (2) 
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SEDIMENTARY  RECORDS  OF  GEOMAGNETIC  PALEOINTEN- 
SITY:  WHAT  CAN  WE  BELIEVE  IN 

L.  Tauxe 

Scripps  Institution  of  Oceanography,  La  Jolla,  CA,  92093-0220. 
ltauxeCucsd.edu/Fax:  1  619  534-0784 

Sedimentary  records  of  relative  paleointensity  have  come  a  long  way  towards 
achieving  credibility  in  the  main  stream  of  paleomagnetism.  We  have  known  for 
decades  that  sediments  acquire  a  remanent  magnetization  whose  intensity  is  a 
function  of  the  ambient  magnetic  field.  We  also  have  known  that  the  relation¬ 
ship  between  the  applied  field  and  the  remanence  is  complicated  by  mineralogy, 
depositional  environment,  post-depositional  processes,  arid  so  on.  Accounting 
for  the  latter  to  extract  the  former  is  the  entire  art  of  producing  relative  pa¬ 
leointensity  records.  I  will  discuss  methods  of  normalization  and  methods  of 
verification  of  relative  paleointensity  records  in  sediments. 


PROBLEM  OF  ELIMINATION  OF  DIRECTIONNAL  DATA 
CLUSTERS  IN  PSV  STUDIES 

'  CEREGE,  BP  80, 13545  Abe  en  Provence  Cedex  4,  France 
^  ENS,  46  ^de  d'ltalie,  69364  Lyon  Cedex  7,  France 
vandamme@cerege.fr 

The  paleosecular  variation  (PSV)  of  the  geomagnetic  field  is  often 
described  by  angular  standard  deviation  of  paleomagnetic  directions 
obtained  on  volcanic  rocks.  The  main  part  of  PSV  data  comes  fi-om 
volcanic  sequences  which  present  the  advantage  to  show  chrono¬ 
logical  successions  and  consequently  to  highlight  the  possible  data 
clusters  associated  to  rapid  lava  extrusion.  The  definition  of  these 
clusters  is  often  subjective  but  McFadden  et  al.  (1996)  proposed  a 
relatively  objective  statistical  method  to  rationalise  the  flows  that  have 
repeatedly  sampled  the  same  geomagnetic  field  vector.  We  highlight 
different  problems  relative  to  application  of  this  kind  of  method  and  we 
propose  here  another  approach  considering  the  location  of  studied 
directions  in  the  distribution. 


SE34  Rockmagnetism,  palaeomagnetism  and 
environmental  magnetism 

Convener:  Hoffmann,  V. 

03  Effect  of  chemical  alteration  on 
magnetization 

Convener:  Ozdemir,  O. 

Co-Convener:  Roberts,  A.P. 


AN  ULTRAHIGH  RESOLUTION  RECORD  OF  HOLOCENE 
PALEOSECULAR  VARIATION  FROM  SAANICH  INLET, 
VANCOUVER  ISLAND,  BRITISH  COLUMBIA:  INITIAL 
RESULTS 

Kenneth  L.  Verosub  (1)  and  Robert  Karlin  (2) 

(1)  DepL  of  Geology,  Univ.  of  Califomia-Davis  (2)  Mackay  School  of  Mines, 
Univ.  of  Nevada-Reno 

verosub@geology. ucdavis.edu/  Fax:  1-530-752-0951 

Saanich  Inlet,  a  flord  on  Vancouver  Island,  British  Columbia,  has  a  Holocene  rate 
of  sedimentation  on  the  order  of  several  millimeters  per  year.  Moreover,  the 
sediment  at  the  site  is  varved  so  that  Saanich  Inlet  has  the  potential  of  providing  an 
Ultrahigh  resolution  record  of  Holocene  paleosecular  variation.  In  1996,  two  sites 
in  the  inlet  were  cored  during  ODP  Leg  169S.  A  complete  suite  of  U-channel 
samples  was  collected  from  two  overlapped  holes  at  each  site.  High-resolution 
correlation  between  each  pair  of  holes  was  achieved  by  x-radiography  of  the  varves 
in  the  U-channels.  After  removal  of  a  very  soft  drilling  overprint,  the  sediment  of 
Saanich  Inlet  appears  to  provide  an  excellent  record  of  Holocene  geomagnetic  field 
behavior.  Initial  indications  are  that  this  record  contains  the  same  features  as  the 
record  of  Holocene  paleosecular  variation  from  Fish  Lake,  Oregon. 


CHAOS  IN  GEOMAGNETIC  REVERSAL  RECORDS:  COMPARISON  OF 
REAL  AND  MODEL  DATA 

Pavel  P.  Yasonov 

Kazan  State  University,  Kazan,  Russia 
geod@pmkguJtcn.nj/Fax:007-8432-320267 

The  time  series  of  geomagnetic  field  reversals  (GFR)  is  very  irregular, 
number  of  well  dated  reversals  in  the  Earth’s  history  being  not  more  than  300. 
This  is  too  htlle  for  correct  determination  of  statistical  properties  of  a  reversal 
process,  and  is  only  enough  for  determination  of  variation  intervals  for  these 
parameters.  Time  series  generated  by  Rikitake  disk  dynamo  model  has  been 
calculated  for  the  comparison  with  the  real  GFR  time  series.  Some  remarkable 
differences  between  real  and  model  data  have  been  revealed,  such  as  time  scale 
error  of  the  real  data.  This  problem  has  been  taken  into  account  for  the 
construction  of  the  model  lime  series.  Variation  limits  of  statistical  properties 
of  the  model  data  (types  and  parameters  of  distribution,  correlation  dimension) 
have  been  revealed.  Statistical  properties  of  distribution  of  reversal  moments  as 
well  as  the  correlation  dimension  have  been  found  to  strongly  depend  on 
determination  precision  of  reversal  moments  in  time  series  generated  by  the 
dynamo  model. 

Real  and  model  data  have  displayed  good  correlation,  i.e.:  behavior  of 
the  geomagnetic  field  can  be  described  using  the  system  with  low  correlation 
dimension  similar  to  the  two-disk  dynamo  model. 


TSC  TECHNIQUE  APPLIED  TO  THE  CHARACTERIZATION  OF 
SEDIMENTARY  LITHOLOGIES  AT  THE  PERTIGALETE  SEQUENCE 
(NORTHEASTERN  VENEZUELA) 

M.  Aldana.  V.  Costanzo-AJvarez,  J.L.  Gago  (Dpto.  de  Ciencias  de  la  Tierra, 
Universidad  Sim6n  Bolivar,  Sartenejas,  Edo.  Miranda,  Venezuela) 

N.  Suarez  (Dpto.  de  Fisica,  Universidad  Simdn  Bolivar,  Sartenejas,  Edo. 
Miranda,  Venezuela) 

Thermally  Stimulated  Current  (TSC)  Technique  is  used  here  to  characterize  a 
lithological  contact  at  the  Pertigalete  sedimentary  sequence  (Cretaceous 
northeastern  Venezuela).  TSC  technique  studies  the  dielectric  relaxations  of  a 
material  that  contains  polarizable  entities.  Six  samples,  collected  near  a  contact 
identified  in  the  field  as  that  between  Chimana  (CH)  and  Querecual  (QC) 
formations,  were  studied.  The  complex  spectra  obtained  in  the  temperature  range 
from  77  to  320  K  indicate  a  straight  difference  between  the  CH  and  QC  samples. 
The  broad  spectra,  separated  by  using  Direct  Signal  Analysis,  show  the  presence 
of  three  overlapping  peaks  for  the  CH  samples  and  four  for  QC.  As  we  approach 
to  the  contact,  the  mean  energy  value  for  each  separated  process  indicates  the 
existence  of  a  transitional  change  of  lithologies.  Comparison  with  IRM  and 
Lowrie  experiments,  performed  here  in  order  to  magnetically  characterize 
lithologies  and  discontinuities  in  the  sedimentary  sequence,  corroborates  TSC 
results  and  indicates  the  potential  of  this  technique  as  an  alternative  tool  in 
stratigraphy. 
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LOWRIE  IRM  EXPERIMENTS  IN  SAMPLES  OF  THREE  OIL  WELLS 
AT  LA  VICTORU  FIELD  (SOUTHWESTERN  VENEZUELA) 

V.  Costanzo-Alvarez.  L.  Colmenares  (Dpto.  Ciencias  de  la  Tieira,  Universidad 
Simon  Bolivar,  Sartenqas,  Edo  Miranda,  Venezuela,  vcosta@usb.ve) 

In  previous  rock  magnetic  studies  of  wells  LVT-IX  4X  (producers)  and  2X  (non 
producer)  located  at  La  Victoria  oil  field  (southwestern  Venezuela),  we 
demonstrated  a  causal  link  between  anomalies  of  NRMs  and  bulk  magnetic 
susceptibility  values,  at  near  surface  levels,  and  the  presence  of  secondary 
magnetic  minerals  such  as  spherical  aggregates  of  authigenic  magnetite  crystals 
and  iron  sulfides.  In  order  to  better  identity  these  secondary  magnetic  phases  we 
have  conducted  now  stepwise  thermal  demagnetization  of  composite  IRMs 
(Lowtie  IRM  experiments)  in  whole  rock  samples  of  drilling  fines.  These  results 
are  complemented  by  X-ray  difiraction  analyses,  IRM  acquisition  and 
thermoremanence  curves,  and  transmission  (TEM)  and  scanning  (SEM) 
electronic  microscopy.  At  the  anomalous  NRM  and  susceptibility  levels  (ca.  -600 
m)  we  have  identified:  authigenic  magnetite  (spherical  aggregates),  goethite  and 
greigite  for  LVT-IX  and  4X  and  pyrrhotite,  goethite,  hematite  and  autigenic 
magnetite  (spherical  aggregates)  for  LVT-2X.  The  stability  and  coexistence  of 
these  magnetic  minerals  can  be  used  as  a  diagnostic  test  of  the  oil  quality  and  the 
themochemical  conditions  that  prevail  in  the  reservoir  suggesting,  for  La  Victoria 
field,  temperatures  of  ca.  I00°C,  pressures  of  ca.  300  bar,  Ph>7.S,  Eh  low  to 
medium,  an  anaerobic  environment  and  a  high  content  of  sulfiir  in  the  oil. 


ROCK  MAGNETIC  CHARACTERIZATION  OF  A  FORMATIONAL 
CONTACT  IN  CRETACEOUS  STRATA  (EASTERN  VENEZUELA) 

V.  Costanzo-Alvarez.  J.L.  Gago(Dpta.  Ciencias  de  la  Tierra,  Universidad  Simon 
Bolivar,  Sartenejas,  Edo  Miranda,  Venezuela,  vcosta@usb.ve) 

W.  Williams  (Department  of  Geology  and  Geophysics,  University  of  Edinburgh, 
Edinburgh,  U.K.,  egph57@tattoo.ed.ac.uk) 

Magnetostratigraphic  studies  at  the  Albian-Cenomanian  time  boundary  in  the 
Querecual/Chimana  formational  contact  (northeastern  Venezuela)  indicate  reversed 
secondary  NRM’s.  By  integrating  manifold  rock  magnetic  evidence  we  argue  that 
this  contact  has  acted  as  a  major  focus  of  hydrothermal  alteration  and  consequent 
remagnetizations  in  the  adjacent  strata.  Anomalies  of  susceptibility  and  total  NRM 
values,  at  the  surroundings  of  the  unconformity,  reveal  the  dominant  presence  of 
secondary  magnetic  minerals  (i.e.  magnetite  and  pyrrhotite),  the  likely  products  of 
anoxic  conditions  that  prevailed  during  times  when  the  basin  reached  its  maximum 
temperatures  and  oil  was  generated  (Lower  Miocene).  However,  most  stable 
remanences  reside  in  the  highest  Tb’s  and  He’s  magnetic  minerals  (i.e.  hematite). 
Although  ftom  the  NRM  stratigraphic  profile  hematite  does  not  seem  to  be 
conditioned  by  the  contact  itself  Lowrie  IRM  experiments  clearly  demonstrate  that 
this  mineral  is  also  a  by-product  of  alteration  dating  from  times  when  oxidizing 
conditions  dominated  the  basin,  probably  long  before  the  oil  window  was  attained. 
Rock  magnetic  properties  have  proved  here  as  an  effective  tool  for  characterizing 
discontinuities  in  the  sedimentary  sequence  which  otherwise  could  pass  barely 
detected  by  conventional  biostratigraphic  and  lithostratigraphic  studies. 


INFLUENCE  OF  HEAVY  METAL  CATIONS  ON  THE 
HYSTERESIS  PROPERTIES  OF  IRON-OXYHYDROXIDES 

Catherine  M.  Helm,  Kenneth  L.  Verosub  and  Robert  Zietenberg 
Dept  of  Geology,  Univ.  of  Califomia-Davis 
verosub@geology. ucdavis.edu/  Fax;  1 -530-752-0951 

Iron-oxyhydioxides  formed  in  aqueous  environments  have  high  specific  surface  area 
and  a  relatively  open  structure,  which  facilitates  the  adsorption  of  heavy  metal 
cations,  such  as  zinc,  lead  and  mercury.  Preliminary  results  indicate  that  in  natural 
environments,  the  adsorption  of  these  heavy  metal  cations  can  produce  measurable 
changes  in  the  coetcivity  of  the  iron-oxyhydroxides.  In  particular,  sampling  of 
iion-oxyhydroxides  downstream  from  abandoned  mine  sites  shows  a  trend  toward 
decreasing  coercivity  with  increasing  heavy  metal  absorption.  This  relationship  is 
being  tested  by  comparing  changes  in  the  coercivity  of  iron-oxyhydroxides 
produced  under  controlled  conditions  in  the  laboratory  and  subsequently  exposed  to 
solutions  with  known  concentrations  of  dissolved  heavy  metal  cations.  These 
results  imply  that  the  attentuation  of  heavy  metals  in  the  natural  environment  is 
influenced  by  geochemical  changes  in  the  iron-oxyhydroxides  during  the 
precipitation  cycle,  and  that  the  magnetic  properties  of  iron-oxyhydroxides  are 
sensitive  to  the  presence  of  heavy  metal  cations. 


PRELIMINARY  RESULTS  OF  CHEMICAL  REMAGNETIZATION  UNDER 
UNIAXIAL  COMPRESSION 

M.  lelefiska  f  11.  A.Kanicka  (2) 

(1)  Institute  of  Geophysics  P.A.Sc.,Warsaw,  Poland,  bogna@igf.edu.pl/Fax:■^48  22 
6915  915,  (2)  Geophysical  Instinite,  Prague,  Czech  Republic 

The  studies  of  an  influence  of  stresses  on  a  direction  of  remanent  magnetization 
acquired  during  chemical  changes  are  very  important  for  paleomagnetism  of  deformed 
regions.  For  this  purpose  preliminary  experiments  were  carried  out  in  the  Rock 
Magnetic  Laboratory  of  the  Geophysical  Institute  in  Prague,  Czech  Republic.  Non 
magnetic  press  was  used  for  uniaxial  compression.  Sister  samples  were  cut  from 
sedimentary  rocks  containing  sulphides.  Samples  have  initial  remanent  magnetization 
aproximately  in  vertical  direction  opposite  to  ambient  field  in  the  laboratoty.  One 
sample  from  a  pair  was  heated  to  350  or  400°  C.  Second  sample  was  heated  to  the  same 
temperature  and  compressed  during  heating  and  cooling  in  the  Z  direction  of  sample 
coordinate  system.  Remanent  magnetization  acquired  during  experiment  were  found  by 
subtracting  initial  remanence  from  final  one.  We  found  that  in  the  conditions  of  our 
experiment  remanence  acquired  during  compression  differ  in  declination  about  90°  from 
the  remanence  acquired  without  compression.  On  the  other  hand  compression  did  not 
influence  directions  of  anisotropy  axes  but  changed  the  shape  of  anisotropy  ellipsoid 
into  triaxial  one. 


CRM  EXPERIMENTS  AND  PSEUDO-PALEOINTENSITY 
MEASUREMENTS  ON  BASALTIC  ROCKS  WITH  INITIALLY 
LOW  CURIE  TEMPERATURES 

Ulrike  Kdmer.  Michel  Privot  and  Thieny  Poidras 

Laboratoire  de  Gdophysique  et  Tectonique,  University  de  Montpellier  2, 

34095  Montpellier  Cddex  05,  France 

koemer@dstu.univ-montp2.fr,  prevot@dstu.univ-montp2.fr 

We  report  about  different  long  time  experiments  at  high  temperatures  for 
producing  an  artificial  CRM  or  a  mixture  of  CRM  and  TRM,  results;  of 
paleointensity  experiments  on  those  oxidized  samples  and  rockmagnetic 
investigations  beW  and  after  oxidation. 

Paleointensity  experiments  yield  different  values  for  the  intensity  of 
the  “paleofield”  (here:  field  which  was  applied  during  acquisition  of 
CRM),  depending  on  the  previous  CRM  experiment;  samples  in  which 
the  CRM  was  produced  during  long  heating  at  a  constant  temperature  in 
an  applied  field  show  a  resulting  paleointensity  of  about  half  of  the  value 
of  the  applied  field  during  CRM  acquisition.  Samples  which  acquired  a 
CRM  and  TRM  during  slow  cooling  show  resulting  paleointensities 
slightly  higher  than  the  intensity  of  the  applied  field  during  CRM  and 
TRM  acquisition.  Results  will  be  discussed  on  natural  basalts  from 
southern  France. 


THE  CAUSE  FOR  SECONDARY  CHEMICAL 
MAGNETIZATION  OF  PARTICOLOURED  ROCKS  OF  THE 
TATARIAN  STAGE 

Viktor  E.  Kosarev.  Ivan  Y.  Zharkov 
Kazan  State  University,  Kazan,  Russia 
geod@pmkgu.kcn.ru/Fax:007-8432-320267 

A  number  of  reference  sections  of  the  Tatarian  Stage  of 
Russian  Plate  contains  unstable  palaeomagnetic  areas.  This 
phenomenon  relates  to  both  ancient  and  modem  metachronic 
magnetization. 

To  study  the  nature  of  secondary  magnetization, 
continuous  sampling  was  carried  out  which  covered  30  m-thick 
section  with  sampling  density  of  15  to  17  samples  per  1  m. 

Results  of  the  field  and  lab  studies  indicate  that  areas  of 
secondary  chemical  magnetization  occur  at  the  boundaries 
between  different  facies,  and  that  this  magnetization  is  caused  by 
migration  of  ferrous  oxide  from  the  reduction  environment  into 
oxidized  rocks. 
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EFFECT  OF  CHEMICAL  CHANGES  ON  MAGNETIZATION 
0.  Ozdemir 

(Physics,  Erindale  College,  University  of  Toronto,  Mississauga,  Ontario,  Canada  L5L 
1C6,  pzdemir@physics.utoronto.ca/Fax:+l-905-828-3717) 

Chemical  alteration  of  magnetic  minerals  in  rocks  and  sediments  produces  chemical 
remanent  magnetization  (CRM),  which  partially  or  totally  leplaces  their  original 
remanent  magnetization.  In  the  single-phase  oxidation  of  titanbmagnetite  to 
titanomaghemite  orof  magnetite  to  maghemite,  there  is  a  chemical  change  without  any 
major  change  in  the  spinel  crystal  lattice.  Experiments  show  that  CRM  in  fine-grained 
dtanomagnetite  inherits  the  original  remtmence  direction.  Magnetic  coupling  between 
the  two  phases  remains  intact  throughout.  However,  many  natur^ly  occurring 
oxidation  (magnetite  -  hematite),  reduction  (hematite  -  magnetite),  and  inversion/ 
dehydration  (maghemite  -  hematite,  goethite  -  hematite,  lepidocrocite  -  maghemite  - 
hematite)  processes  transform  the  crystal  structure  of  the  magnetic  phases. 
Magnetostatic  or  exchange  coupling  may  nevertheless  deflect  the  daughter-  phase  CRM 
from  the  direction  of  the  external  magnetic  field.  The  resulting  intermediate-angle 
CRM's  record  neither  the  direction  of  the  parent  remanence  nor  the  field  direction.  It 
is  vital  to  recognize  and  erase  phase-coupled  CRM's  of  this  type,  which  generate 
spurious  paleomagnetic  directions. 


ALTERATION  OF  MAGNETIC  SIGNALS  IN  EASTERN 
MEDITERRANEAN  SEDIMENTS 

Passier.  Hilde  F.  (1),  Mark  J.  Dekkers  (1)  and  Gert  J.  de  Lange  (2) 

(1)  Paleomagnetic  Laboratory  'Fort  Hoofddijk',  Utrecht  University;  (2)  Department 
of  Geochemistry,  Utrecht  University, 
e-mail:  hpassier@earth.ruu.nl 

Core  KC19C  (19.6  m  long)  was  recovered  in  the  abyssal  plain  between  Crete  and 
Cyprus  (water  depth  2730  m).  It  contains  a  large  number  of  organic-rich  layers 
(sapropels),  which  correlate  to  maxima  in  the  insolation  curve.  Porewaters  contain 
sulphide  down  from  a  few  meters  below  seafloor  (mbsf) ,  which  is  anomalous  in 
the  eastern  Mediterranean.  We  have  studied  the  geochemical  characteristics  of  these 
porewaters  and  sediments,  as  well  as  a  series  of  magnetic  parameters  and  ratios. 
Downcore,  the  following  observations  are  made:  Fe  and  Mn  (hydr)oxides  occur  in 
the  top,  at  the  oxic-suboxic  transition  just  above  the  youngest  sapropel  Si2  at  0.4 
mbsf.  These  (hydr)oxides  can  be  more  easily  demagnetized  by  alternating  fields 
than  (hydrjoxides  further  down.  The  transition  from  suboxic  to  anoxic  sediments  is 
located  at  about  2  mbsf.  Sulphide  is  envisaged  to  be  formed  at  -17.5  mbsf,  probably 
during  sulphate  reduction  by  methane  oxidation.  From  17.5  mbsf  sulphide  has 
migrated  upward,  titrating  reactive  Fe,  resulting  in  pyrite  formation  in  the  entire 
sediment  column  up  to  2  mbsf.  Therefore,  magnetic  intensities  are  significantly 
reduced  down  from  about  2  mbsf,  and  no  reliable  NRM  data  can  be  obtained  in  the 
lower  half  of  the  core.  (Sponsored  by  EU  programs  MAST-2  (CT93-0051)and 
MAST-3  (CT97-1 122),  and  MJD  by  KNAW.) 


CHEMICAL  ALTERATION  OF  MAGNETIC  MINERALS  IN  NATURE 
AND  PALEOINTENSITY  EXPERIMENTS  ON  VOLCANIC  ROCKS 

M.  Pnivot  and  U.  Kdmer 

Laboiatoire  de  Gdophysique  et  Tectonique,  CNRS  and  University  de  Montpellier  2 
prevot@dstu.univ-montp2.fr/  Fax :  +33  04.67.52.39.08 

Titanomagnetite  in  volcanic  rocks  is  commonly  transformed  by  weathering, 
hydrothermalism  or  exsolution-oxidation.  Low  temperature  o.xidation 
(maghemitization)  is  generally  considered  as  a  typical  effect  of  weathering, 
^though  this  transformation  probably  starts  during  the  initial  flow  cooling  (Ptdvot 
et  al.,  1981;  Kent  and  Gee,  1996).  Maghemitization  modifies  all  magnetic 
properties,  and  the  natural  remanence  is  no  longer  a  TRM.  Surprisingly  however, 
Thellier  paleointensity  experiments  on  young  pillow-basalts  can  provide  splendid 
Aral  diagrams  (Prdvot  et  al.,  1983)  and  correct  paleostrength  (Kent  and  Gee,  1996). 
Hydrothermalism  induces  profound  changes  in  magnetic  mineralogy  and  results  in 
CRM  acquisition.  Laboratory  experiments  on  basaltic  rocks  containing  high- 
titanium  titanomagnetite  oxidized  in  air  at  moderate  temperature  (400°C)  for 
several  days  show  that  the  CRM  so  produced  provides  a  nice  Arai  diagram  but  a 
much  too  low  paleostrength.  The  remanence  of  most  volcanic  rocks  used  for 
paleointensity  experiments  is  carried  by  very  fine  exsolutions  of  near-magnetite 
resulting  from  a  'high  temperature'  exsolution-o.xidation  supposed  to  occur  above 
600°C.  In  fact,  this  transformation  can  continue  to  much  lower  temperatures  in 
nature  (Grommd  et  al.,  1969).  It  is  encouraging  that  preliminary  experiments  show 
that  the  CRM-TRM  produced  by  laboratory  o.xydation  of  titanomagnetite  during 
slow  cooling  in  air  from  S00°C  provides  reasonably  correct  paleostrength. 


SEDIMENTARY  GREIGITE  (Fe3S4):  OCCURRENCES, 
FORMATION  AND  MAGNETIC  PROPERTIES 

Andrew  P.  Roberts 

Dept  of  Oceanography,  Univ.  of  Southampton,  Southampton 
Oceanography  Centre,  European  Way,  Southampton  S014  3ZH,  U.K. 

Greigite  is  widely  considered  to  be  a  minor  magnetic  mineral,  but  its 
presence  is  being  increasingly  reported  in  a  variety  of  environments, 
including  anoxic  lake  and  marine  sediments,  marshes/estuaries,  coal 
beds,  magnetotactic  bacteria,  gas  hydrate  deposits,  and  low-temperature 
hydrothermal  ore  deposits.  If  greigite  is  present  in  a  sedimentary 
sequence,  it  will  have  important  implications  for  environmental 
magnetic  studies  because  in  situ  formation  of  diagenetic  phases 
invalidates  studies  that  rely  solely  on  a  detrital  remanent  sign^  (e.g., 
relative  paleointensity  and  catchment  studies).  Also,  time  lags  between 
lock-in  of  detrital  and  diagenetic  remanences  will  complicate  studies  of 
geomagnetic  field  behavior,  particularly  high-frequency  variations.  The 
reported  worldwide  occurrences  of  greigite,  mechanisms  of  greigite 
formation,  an  overview  of  known  magnetic  properties  of  greigite,  with 
criteria  for  "fingerprinting"  greigite-bearing  sediments,  and  speculations 
on  possible  environments  implications  of  identification  of  sedimentary 
greigite  will  be  discussed  in  this  presentation. 


ROCK  MAGNETISM  AND  PALAEOMAGNETISM  OF  GREIGITE- 
BEARING  MUDSTONES  IN  THE  ITALIAN  PENINSULA 

L.  Sagnotti  and  A.  Winkler 

Istituto  Nazionale  di  Geofisica,  Via  di  Vigna  Murata  605,  00143,  Roma, 
Italy,  sagnotti(^marte.ingrm.it 

Ferrimagnetic  iron  sulphide  minerals  are  widespread  in  the  Italian  Neogene 
and  Quaternary  fine-grained  sediments.  We  carried  out  a  variety  of  rock 
magnetic  measurements  on  a  collection  of  samples,  in  which  greigite 
(FcjS^)  was  supposed  to  be  the  main  magnetic  carrier.  We  show  that 
although  positive  identification  of  greigite  by  magnetic  methods  can  be 
reached  solely  by  combining  a  variety  of  magnetic  properties,  a  first 
indication  of  its  occurrence  in  a  sediment  is  the  presence  of  properties 
typical  of  an  assemblage  of  single-domain  grains.  Paired  samples  were  also 
investigated  to  make  a  detailed  comparison  of  the  palaeomagnetic  behaviour 
with  respect  to  different  laboratory  demagnetization  treatments  (thermal, 
static  and  tumbling  alternating  field  demagnetization).  The  results  clearly 
pointed  out  that  thermal  demagnetization  is  the  most  effective  treatment  for 
the  isolation  of  the  characteristic  remanence  magnetization  carried  by 
greigite,  whereas  AF  demagnetization  produces  spurious  magnetic 
remanences  (gyroremanence  and  rotational  remanence)  at  fields  larger  than 
40  mT. 


EFFECT  OF  DOLOMITIZATION  ON  MAGNETIZATION  OF  ESTONIAN 
CARBONATES 

A.  Shogenova 

Institute  of  Geology,  Tallinn  Technical  University 
alla@gi.ee 

Magnetic  susceptibility  and  chemical  composition  of  Ordovician  and  Silurian 
secondary  dolomites  of  five  various  origin  were  studied  and  compared  with 
surrounding  diem  limestones.  During  different  genesis  dolomitization  chemical 
composition  of  rocks  was  changed  variously.  The  magnetic  susceptibility  of  Estonian 
limestones  was  determined  in  the  range  of  (-l-S)*I0'’  SI  which  is  caused  by  0.4- 
0.9'’/o  of  FejOjoMi  content.  The  most  remarkable  process  in  Estonian  carbonates  is 
increase  in  total  iron  content  during  dolomitization.  Increase  of  Fe20]uaj  up  to  2.83% 
were  determined  in  the  Lower  and  Middle  Ordovician  widespread  dolomite  layers. 
This  caused  the  increase  in  magnetic  susceptibility  of  rocks  up  to  22*  10'^  SI.  The 
less  but  still  significant  increase  in  Fe203u,ai  (up  to  2.5%)  and  in  magnetic 
susceptibility  up  to  13.8*10'’  SI  were  measured  in  the  Middle  Ordovician  dolomites 
associated  with  fracture  zone.  The  increase  of  total  iron  content  in  Silurian  and 
Upper  Ordovician  dolomites  is  less  (up  to  1.7%).  Secondary  magnetization  in  the 
fracture  zone  and  widespread  dolomite  layer  of  Vao  formation  was  caused  by 
substituting  of  Mg  by  Fe^’  together  with  Mn’"in  the  crystalline  lattice  of  dolomites. 
In  the  Lower  Ordovician  dolomite  layer  it  was  caused  by  increase  of  Fe20j  occurring 
in  the  form  of  the  hematite  in  the  carbonate  matrix. 
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BERCYNIAN  NEOMOBPHISM  AND  GENESIS  OF  THE  NAVAN  Pb-Zn 
DEPOSIT,  IRELAND,  FROM  PALEOMAGNETISM 

M.T.  Smelhuist  (1),  D.T.A.  Svmons  (U.  M.T.  Lewchuk  (1)  and  LH  Ashton  (2) 
(1)  Dg>b  Eaith  Sciences,  Univ.  of  Windsor,  Windsor,  ON,  Canada  N9B  3F4, 
dsyinoh$@uwindsor.ca  (2)  Tara  Mines  Ltd.,  Navan,  Co.  Meath,  Ireland. 

The  Outokumpu  Zinc  -  Tara  Mines  Fb-Zn  deposit  at  Navan  near  Dublin,  Ireland, 
is  Europe’s  largest  zinc  mine.  It  is  hosted  in  Courceyan  (-3S6  Ma)  platform 
carbonates  with  basal  ted  beds  of  the  Navan  Group  that  rest  on  Ordovician 
basement  Mined  sphalerite-galena  mineralization  and  reserves  exceed  79  Mt  of 
-8.3%Znand2.6%Fb.  The  gtoiq)  is  unconformabfy  overlain  by  an  Atuhdian 
(~34SMa)  boulder  con^omerate.  It  was  later  folded  and  Suited  during  the 
Paleozoic  Hercynian  orogeny,  and  cut  by  Tertiary  diabase  dikes.  This  study 
provides  the  first  direct  £ite  for  mineralization  of  much-debated  genesis.  From  a 
start  of 489  ^ecimens,  282  (108  block  samples,  26  sites)  were  subjected  to 
detailed  AF  and  thernid  step  demagnetization  and  IS  to  saturation  isothermal  . 
lemanence  analysis.  A  Teitiaty  dike  gives  a  positive  paleomagnetic  contact  test 
with  disseminated  ore.  The  Aiundian  clasts  and  Hercynim  folds  give  negative 
conglomerate  and  fold  tests,  respectively.  Massive  and  disseminated  ore,  barren 
dolostones  and  limestones,  ted  beds  and  clasts  all  retain  the  same  characteristic 
remanent  magnetization  (ChRM)  direction,  giving  a  pole  at  27.8°  W,  30.9°S  (dp 
=  1.3°,  dm  =  2.7°)  that  indicates  an  age  of  -330  ±  7  Ma.  These  results  indicate 
that  the  Hercynian  orogei^  was  waning  in  the  area  by  this  time,  that 
neomotphism  had  reset  the  ChRM  in  the  carbonate  host  rocks,  that  chemical 
remagnetization  had  occurred  in  the  red  beds,  and  that  the  mineralization  was 
emplaced  by  fluid  flow  at  this  time. 


REMAGNETISATION  OF  DEVONIAN  LIMESTONES  IN  THE  ARDENNES  IN 
CONNECTION  WITH  FLUID  FLOW  AND  DEFORMATION 

T.E.  Zegers  and  M.J.  Dekkers 

Paleomagnetic  Laboratory  Fort  Hoofddijk,  Utrecht  University.  P.O.,  Box  S002I. 
3508  TA  Utrecht,  The  Netherlands,  tel:  31-30-2535246, 
fax:  31-30-2535030,  e-mail:  tanja@earth.ruu.nl 

Deformation  in  the  Ardennes  is  mostly  localised  in  north  directed  thrust  shear  zones 
associated  with  E-W  trending  folds  (Late  Carboniferous).  Orogenic  fluids  are  likely 
to  have  used  the  shear  zones  as  channels  for  fluid  flow.  At  a  later  stage,  between  the 
Permian  and  Jurassic,  Mississippi  Valley  Type  (MVT)  Pb-Zn  and  barite  deposits 
were  formed,  associated  with  extensional  structures. 

Two  ancient  NRM-components  have  been  found  in  the  Devonian  to  Carboniferous 
limestones  of  the  Variscan  Belt  of  the  Ardennes.  The  first  HT-component  (>400°C) 
pre-dates  the  folding  event,  but  is  secondary.  The  second  LT-component 
(400>T>580°C)  post-dates  folding. 

We  will  present  results  of  a  study  linking  the  occurrence  of  the  two  NRM 
components  with  deformation  and  associated  fluid  flow.  This  is  done  by  an  analysis 
of  thermal  demagnetisation  diagrams  of  Givctien  limestones  from  a  large  number  of 
sites  and  rock  magnetic  studies  to  constrain  which  minerals  can  be  carriers  to  the 
two  NRM  components.  The  rock  magnetic  properties  will  be  related  to  the 
development  of  the  microtextures  by  microstructural  and  microchemical  analysis. 

The  preliminary  evidence  indicates  that  the  HT-component  is  associated  with  the 
late  Carboniferous  deformation  and  orogenic  fluids,  whereas  the  second  LT- 
component  is  associated  with  fluids  associated  with  the  MVT-deposits. 


MAGNETIC  PROPERTIES  OF  A  HOLOCENE  LAVA  FLOW  IN  CENTRAL 
MEXICO 

P.Vlag  (1.2),  L.Alva  (2),  C.de  Boer  (3),  S.Gonzalez  (4),  and  J.Urmtia  (2) 

(1)  Institute  for  Rock  Magnetism,  University  of  Mitmesota,  U.S.A.  (2)  UNAM. 
Me.\ico,  (3)  Utrecht  University,  the  Netherlands,  (4)  Liverpool  John  Moores 
University,  United  Kingdom 
e-mail:vlagx00 l@tc.umn.edu;  fax:  (612)625.7502 

Previous  paleomagnetic  measurements  on  the  8000-years-old  Tres  Cruces  lava 
flow  (Central  Mexico)  showed  that  ‘paleointensities’  determined  with  help  of  the 
Shaw  method  range  from  26.02  ±  1.67  up  to  62.01  ±  1.67  pT  (Gonzalez  et  al.,  1997) 

Aim  of  our  research  was  to  study  the  origin  of  these  large  ‘paleointensity* 
variations.  For  this  purpose,  ’paleointensities’  were  also  determined  with  the 
Thellier-Thellier  method  and  thermal  alterations  were  detected  by  measuring  ARM, 
IRM  and  hysteresis  loops  after  each  heating  step.  These  results  were  validated  by 
high-  and  low  temperature  measurements  before  and  after  heating. 

Our  results  indicate  that  the  remanence  is  carried  by:  (1)  A  titanomagnetite  with 
an  unblocking  temperatuie  of  ca.  350  C  and  (2)  a  (titano)magnetite  having  an 
unblocking  temperature  close  to  580  C.  Formation  of  hematite  during  heating  seems 
limited,  possibly  related  to  the  large  grain  size.  However,  above  500  C  the  Ti-rich 
titanomagnetite  is  replaced  by  magnetite-ilmenite  intergrowths.  Implications  of  this 
finding  for  paleointensity  studies  will  be  discussed. 
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HIGH  RESOLUTION  MAGNETIC  AND  MINERALOGICAL  RECORD  OF 
PALEOENVIRONMENTAL  CHANGES  WITHIN  THE  KIMMERIDGIAN- 
TITHONUN  FORMATIONS  OF  THE  BOULONNAIS  REGION 
(NORTHERN  FRANCE) 

n  Averhm-h  .  J-F.  Deconinck.  J-N.  Proust  and  M.  Mammoudia 
Sddimentologie  et  G6odynamique,  URA  CNRS  719,  Univ.  Lille  1 ,  France 
Olivier.  Averbuch@univ-lillel.  fr 

This  study  presents  a  high  resolution  investigation  of  the  depositional  environments 
of  some  Kimmeridgian-Tithonian  sedimentary  rocks  of  the  Boulonnais  (N  margin 
of  the  Paris  basin).  This  silicoclastic  and  carbonate  sequence  is,  as  its  English 
equivalent,  of  a  peculiar  interest  regarding  to  its  high  organic  matter  content  and  its 
tectonic  context  within  the  incipient  N-Atlantic  system.  A  pluridisciplinary  study 
performed  during  the  last  few  years  has  allowed  to  propose  a  new  biostratigraphic 
zonaiion  within  a  sequence  stratigraphic  framework.  These  first  results  have  been 
used  as  the  basis  for  a  high  resolution  analysis  of  the  magnetic  and  mineralogical 
properties  of  the  well  developed  clayey  intervals  of  the  Boulonnais  series.  This 
study  integrates  over  a  110  m  thick  sequence  measurements  of  the  magnetic 
susceptibility,  of  the  isothermal  remanent  magnetization  (IRM)  and  of  a  remanent 
coerciviiy  ratio  (S  ratio).  They  were  combined  on  the  same  samples  to  some  grain- 
size  and  X-ray  diffractometry  mineralogical  analyses  {clays  and  bulk  rock).  The 
results  evidence  some  long  term  and  short  term  variations  of  the  magnetic 
parameters  tliai  can  be  correlated  to  the  relative  sea  level  fluctuations  deduced  from 
Uie  previous  sedimentologicai  studies.  The  origin  of  these  cyclic  variations  are 
discussed  in  terms  of  tectonic/eustatic  induced  environmental  changes. 
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HIGH-RESOLUTION  RECORD  OF  MAGNETIC  SUSCEPTIBILITY 
OBTAINED  BY  LOGGING  AND  TUNED  BY  ORBITAL 
FREQUENCIES 

V.  Banlifes  fP.  I.  P.  Pozzi  (2).  P.  Vibert-  Charbonnel  (2) 

(1)  LETI  -  CENG,  17  rue  des  Martyrs,  F38054  Grenoble  Cedex  9  France,  email : 
barthes@dsys.ceng.cea.fr,  (2)  E  N  S,  Laboratolre  de  Gdologle  { CNRS-URA  1316), 
24  me  Lhomond,  75231  Paris  Cedex  05  France,  email :  pozzi@inagnetit.ens.fr. 

High-resolution  magnetic  records  have  been  obtained  from  magnetic  logging  of 
remanence  and  susceptibility  with  the  Geological  High  Resolution  Magnetic  logging 
Tool  (GHMT).  In  a  well  drilled  in  the  North  Sea  for  oil  exploration,  this  tool 
enables  a  continuous  measurement  of  the  polarity  of  the  remanence  and  a  continuous 
record  of  the  susceptibility  throughout  the  drilled  formations.  A  high  resolution 
magnetic  chronostratigraphy  between  2.6  and  1.6  Ma  is  deduced  from  the  downhole 
magnetostratigraphy  and  from  a  detailed  spectral  analysis  of  climatically  influenced 
variations  of  susceptibility.  The  orbital  frequencies  identified  on  the  susceptibility 
depth  series  allow  a  refined  estimation  of  the  sedimentation  rate.  Characteristic 
features  of  the  onset  of  Northern  Hemisphere  glaciation  and  its  fluctuations  during 
the  late  Pliocene  are  identified  through  this  analysis  of  the  susceptibility  record.  As  a 
second  exmple,  in  ODP  well  984  B  drilled  near  Island  ( leg  162  ),  a  datation  has 
been  obtained  by  orbital  tuning  of  susceptibility  record  using  only  two  points 
dated  by  biostratigraphy  in  the  depth  series. 


DETAILED  STUDY  OF  THE  MAGNETIC  PROPERTIES  RELATED 
TO  CLIMATE  VARIATIONS  OF  CORE  MD9S-2034 

(I).  C.  Kissel  (1),  P.  Sohleid  (2)  and  E.  A.  Boyle  (3) 

(1)  Centte  de  Faibles  Radioactivitds,  CEA-CNRS,  91198  Gif  sur  Yvette,  France 
Tel:  33-(0)169824365,  Fax:  33-(0)169823568,  beck@cfr.cnrs-gif.fr 

(2)  University  of  Minnesota,  Minneapolis,  MN;  (3)  MIT,  Cambridge,  MA  02139 

A  high  resolution  mineral  magnetic  study  has  been  conducted  on  core  MD95-2034 
(Bermuda  Rise)  which  covers  the  climat  stages  6  to  2.  The  dominant  magnetic 
mineral  is  magnetite  except  in  two  intervais.  Between  15  and  18  m,  high  IRM  peaks 
are  correlated  to  black  layers.  Hysteresis  parameters  reveal  the  presence  of  greigite 
(FejS<)  which  is  one  of  the  components  involved  in  the  dissolution  of  iron  oxides 
during  eariy  diagenesis.  Between  40  and  45  m,  low  Sratio  and  high  IRM  values  arc 
observed  from  ted  sediment.  They  seem  to  correspond  to  hematite  originating  from 
Maritime  Provinces  of  Canada.  Variations  in  magnetite  grain  sizes  and 
concentrations  ate  related  to  source  and  transport  changes  during  the  6,  5  and  4 
glacial-interglacial  cycles.  Large  grain  sizes  during  cold  stages  reveal  the  continental 
erosion  by  ice  rafting  and  the  continual  availability  of  the  currents  to  adveci  the 
detrital  material  on  the  Bermuda  Rise,  The  transition  6/5  is  marked  by  a  lack  of 
ferromagnetic  mineral  which  could  result  from  a  cessation  of  the  NADW  (Adkins  et 
al..  Nature  390, 1997).  This  interval  is  followed  by  strong  and  narrow  peaks  both  in 
the  ARM  and  SIRM  signals,  revealing  an  abrupt  increase  in  the  content  of  very  fine 
ferromagnetic  minerals.  This  increase  is  coeval  with  the  subslage  5e  and  corresponds 
to  the  resumption  of  NADW. 


TIME  EVOLUTION  OF  ROCK  MAGNETIC  PROPERTIES  FROM  PLIO- 
PLEISTOCENE  TO  HOLOCENE  SOILS  IN  THE  CENTER  OF  THE 
IBERIAN  PLATE 

M.F.  Bdealo'.  M.L.  Osete^  F.  Heller’,  A.  P6rez-Gonz41ez’,  J.  Gallardo’ 
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E-mail:  mfbogaIo@ubu.es 

Soiis  from  river  terraces  in  the  center  of  the  Iberian  plate  (Tajo,  Jarama  and 
Arianzon)  have  been  well  preserved  since  the  Plio-Pleistocene.  The  magnetic 
properties  of  some  soil  profiles  have  been  investigated  with  respect  to  the  depth  of 
each  profile  and  in  relation  to  the  age  of  the  terraces:  low  frequency  susceptibility 
(Xif)  and  isothermal  remanent  magnetization  (J„)  at  low  and  room  temperature  (77  K 
and  293  K,  repectively),  frequency  dependent  susceptibility  (Xfj),  susceptibility  of 
anhysteretic  remanent  magnetization  (Xakm).  hysteresis  parameters  (H^,  H,,,  J„  J„), 
Curie  curves  and  natural  remanent  magnetization  (NRM).  The  contribution  of 
superparamagnetic  low  and  high  coercivity  minerals  is  qualitatively  approved.  That 
contribution  is  different  in  several  soil  horizons  (enhanced  surface  horizon,  stable  B 
and  C  horizon)  of  each  profile  and  their  pattern  of  variation  with  age  has  been 
estabiished.  The  age  behaviour  of  most  magnetic  soil  parameters  suggests  a  reduced 
activity  of  the  pedogenic  processes  in  the  center  of  the  Iberian  Peninsula  during  the 
Early  to  Middle  Pleistocene. 


SOME  PROBLEMS  OF  MAGNETIC  RECORD  OF  PALAEOCLIMATE 
V.A.Boishakov 

Department  of  Geography,  Moscow  State  University 
paIaeo@paiaeo.geogr.msu.su 

Numerous  studies  of  continentai  sediments  show  the  influence  of  ciimate  changes 
on  the  magnetic  susceptibiiity  (K).  K  depends  upon  not  oniy  ciimatic,  but  different 
geological,  local  geochemical  and  other  factors.  Hence  the  discovery  of  real  causes  of 
K  changing  in  different  age  strata  demands  thorough  substantiation.  Such 
investigations  should  be  carried  out  with  using  of  common  methodological  base. 
Particular  attention  should  be  paid  to  1)  substantiation  of  physical  mechanism  of  K 
changing:  2)  consideration  of  not  only  temporal  but  spatial  alteration  of  K;  3) 
complex  study  of  deposits  including  not  only  magnetic  parameters  of  rocks  but 
also  palynological,  lithologic  and  other  data.  Otherwise  incorrect  conclusions  may  be 
received  as  in  the  case  with  the  studies  of  Alaskan  and  Chinese  Pleistocene  loe.ss-soil 
sequences  where  climatic  periodicities  coordinating  with  astronomical  theory  have 
been  calculated.  Astronomical  theory  of  paleoclimate  is  dominant  now  when  global 
change  of  Pliocene-Pleistocene  is  concerned.  But  Milankovitch's  theory  has  several 
discrepancies,  such  as  a)  supposition  that  the  solar  radiation  is  constant;  b) 
correlation  of  different  orbital  parameters  contribution  to  insolation,  etc.  It  should 
be  remembered  during  investigation  of  climate  cycles  and  their  coordinating  with 
astronomical  theory. 


MAGNETIC  BASED  SEDIMENT-SOURCE  LINKAGES  IN  THE  PETIT  LAC 
D’ANNECY  CATCHMENT,  HAUTE  SAVOIE,  FRANCE,  DURING  THE 
PAST  5000  YEARS 

J.A.  Dearing.  Y.  Hu,  P.  Doody,  and  P.A.  James 

Environmental  Magnetism  Laboratory.  Department  of  Geography,  University  of 
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Lac  d'Annecy  (460  m  OD)  lies  in  a  a  sub-alpine  limestone  catchment  where  land 
use  includes  intensive  agriculture,  deciduous  forest  and  marginal  pastoral  grazing  to 
altitudes  above  1500  m.  Previous  studies  and  a  more  detailed  recent  examination  of 
a  calcareous  8  m  core  from  the  Petit  Lac  show  mineral  magnetic  records  of 
predominantly  detrital  inputs  since  c.  5000  BP  with  a  major  shift  in  magnetic 
properties  at  c.  1000  BP  towards  increased  influx  of  topsoil  probably  associated 
with  monastic  deforestation  and  exploitation  of  the  higher  valleys.  Magnetic  maps 
of  the  soils  in  the  Petit  Lac  catchment  (c.  120  km'),  based  on  grid  sampling  at  1  km. 
and  magnetic  measurements  of  floodplain  cores,  show  a  wide  range  of  magnetic 
mineral  assemblages  and  concentrations  that  can  be  partly  interpreted  in  terms  of 
land  use.  drainage  and  surficial  geology.  Strong  linkages  between  the  lake  and 
floodplain  sediments  and  soils  are  established  through  a  range  of  low.  room  and 
high  temperature  measurements  of  magnetisation  and  remanence,  and  are  supported 
by  evidence  from  pollen  and  organic  analyses.  The  presentation  summarises  the 
major  results,  examines  how  the  data  aid  an  understanding  of  the  causes  and  effects 
of  climate  and  human  impact  on  erosion  and  flooding,  and  makes  some  suggestions 
for  optimising  sediment-source  linkages  in  other  lake-catchments. 


PALAEORAINFALL  ESTIMATION  FOR  THE  LAST  TWO 
GLACIAL  CYCLES  FROM  THE  CHINESE  LOESS 
PLATEAU:  NEW  DATA 

F.  Florindo  (1),  R.  Zhu  (2)  and  B.  Guo  (2). 

(1)  Istituto  Nazionale  di  Geofisica,  Via  di  Vigna  Murata  605,  00143, 
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(2)  Institute  of  Geophysics,  Chinese  Academy  of  Sciences,  Beijing, 
lOOIOl,  China 

Recently,  new  mineral  magnetic  results  were  obtained  from  the 
Duanjiapo  site  (34.2°N,  109.2°E),  at  the  southern  edge  of  the  Chinese 
Loess  Plateau,  in  a  region  characterized  by  warm  and  humid  climatic 
conditions.  Low-field  magnetic  susceptibility  data  alone  were  used  for 
estimating  palaeorainfall.  The  estimated  differences  in  palaeorainfall 
between  glacial  and  interglacial  periods,  when  compared  with  previous 
studies  from  the  Chinese  Loess  Plateau,  are  smaller,  probably  because 
of  the  generally  greater  palaeorainfall.  This  fact,  point  out  the  relatively 
humid  character  of  this  region  for  at  least,  the  last  -130  kyr.  These 
results  are  now  compared  with  new  data  from  sections  along  a  north- 
.south  transect  of  the  Chinese  Loess  Plateau,  to  the  east  of  the  Liupan 
Mountains. 
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CLIMATE  VARIABILITY  AS  SEEN  IN  TWO  INTERGLACIAL  RECORDS 
FROM  THE  MIDWESTERN  U.S.A. 

Ch. E. Geiss, S.K. Banerjee  c  cr 

Institute  for  Rock  Magnetism,  University  of  Minnesota,  100  Union  St.  b.h., 
Minneapolis,  MN  55455,  USA,  geis0037@umn.edu 

The  sediment  records  from  2  kettle  lakes  were  used  to  compare  the  magnetic  signature 
of  the  Sangamon  and  Holocene  interglacial.  Pittsburg  Basin  in  southern  Illinois 
recorded  Sangamonian  climate  variations,  while  sediment  cores  from  Kirchner  Marsh 
in  Minnesota  were  used  to  study  Holocene  variations.  Pollen  studies  from  both  sites 
indicate  the  occurrence  of  a  dry  prairie  period  in  toth  interglcials  The  magnetic 
response  to  these  dry  periods  is  quite  different.  In  Kirchner  Marsh  the  diy  period  is 
characterized  by  inceased  input  of  detrital  material,  which  leads  to  an  increase  m 
magnetic  susceptibility  and  SIRM.  The  magnetic  grainsize,  as  expressed  in 
SIRM/ARM  and  hysteresis  parameters,  increases  during  the  same  period.  Pittsburg 
Basin  cores  also  shows  an  increase  in  magnetic  material,  but  here  the  magnetic 
grainsize  decreases  during  the  dry  period,  and  the  samples  show  increased  SD  and  bP 
contributions.  In  Kirchner  Marsh  the  sediments  deposited  during  the  dry  period  are 
most  likely  redeposited  lake  sediments  that  have  undergone  additional  alteration,  while 
Pittsburg  Basin  prairie  sediments  seem  to  be  dominated  by  pedogenic  processes.  The 
different  response  of  the  two  lakes  to  a  similar  climatic  signal  shows  the  necessity  of 
multiparameter  studies  that  combine  magnetic  as  well  as  non-magnetic  techniques. 


EARLY  PLEISTOCENE  CLIMATIC  CHANGES  IN  WEST  TURKMENIA 

C,7.  Ciurarv  (11.  V.l.  Bagin  (2),  A.V.  Garbuzenko  (1).  V.M.  Trubikhin  (1),  Kh. 

nTceological  Institute.  RAS.  (2)  Institute  of  Physics  of  the  Earth,  RAS,  (3) 
Geological  Institute,  AS  of  Turkmenistan 
geomag@  glas.apc.org/Fax;  095-230*8040 

An  about  100-meter  thick  of  terrigenous  rocks  in  West  Turkmenia  accumulated 
for  about  300  ky.  The  lower  and  upper  parts  of  the  section  cover  the  Matuyama 
chron  and  the  Jaramillo  subchron.  respectively.  The  rhythms  of  various  ranks 
with  thickness  ranging  from  O.lm  to  several  ten  meters  were  observed.  Bedding 
features,  grain  sorting  and  petrographic  characteristics  of  these  sediments  point  to 
their  accumulation  in  a  semi-closed  lagoon  in  the  arid  climatic  zone.  Mesozoic 
and  Cenozoic  terrigenous  rocks  and  carbonates  in  the  adjacent  area  being  the 
source  riKks.  Coarse-irained  varieties  at  the  rhythm  bases  were  deposited  during 
humid  and  warm  iiftervals.  Rock-magnetic  and  mincralogical  studies  revealed 
that  the  influx  of  magnetic  minerals  of  local  provenance  decreased  during  these 
intervals  resulting  in  lower  susceptibility  values,  Variation.s  of  magnetic 
susceptibility  with  periods  ranging  from  0.6  ky  to  40  ky  are  tentatively  correlated 
with  regional  climatic  cyclicity  and  agree  with  the  known  periods  ot  climatic 
changes.  The  observed  periods  of  susceptibility  variation  and  geomagnetic 
secular  variation  are  similar  in  this  region.  Their  phases,  however,  are  different, 
and  these  variations  are  most  probably  independent. 

This  study  was  supported  by  grants  from  Iniernational  Science  Foundation  and 
Russian  Foundation  of  Fundamental  Studies. 


ROCK  MAGNETISM  AND  PALAEOENVIRONMENT  OF 
LOESS/PALAEOSOL  SEQUENCES 

Friedrich  Heller 
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Terrestrial  high  resolution  palaeoclimate  archives  are  preserved  in  the 
Quaternary  loess  sediments  which  cover  wide  continental  areas 
especially  on  the  northern  hemisphere  of  the  earth.  Typically,  pristine 
loess  beds,  which  formed  by  dust  deposition  under  cold-arid  climate 
conditions,  alternate  with  palaeosol  layers,  which  developed  during 
warm-humid  periods.  The  evidence  for  these  climate  changes  comes 
from  palaeontological,  mineralogical  and  palaeopedological  studies. 
In  peridesertic  midlatitude  regions,  rock  magnetic  parameters  such  as 
low  field  susceptibility,  saturation  magnetization  etc.  are  enhanced  in 
palaeosols  and  weathered  loess  beds,  most  probably  due  to  in  situ 
formation  of  new  very  fine  grained  (superparamagnetic)  ferrimagnetic 
minerals.  Type  and  grain  size  distribution  of  these  minerals  and  their 
modes  of  formation  (organic  by  bacterial  activity  and/or  inorganic  by 
direct  precipitation  from  mobilized  iron  complexes)  are  investigated  at 
present  by  many  student  groups.  One  of  the  main  research  goal  is  to 
correlate  the  various  loess  properties  quantitatively  with  palaeo- 
climatic  factors  such  as  rainfall  or  temperature. 


Sub-mlllennlal  scale  variations  In  East  Aslan  monsoon  systems  recorded  by 
dust  deposits  from  the  north-western  Chinese  loess  plateau. 

n.Heslon'.  J.Shaw',  J.  Bloemendhal',  A.  Latham'  &  E.  Parker' 
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A  new  section  from  an  extremely  thick  sediment  sequence  in  the  north-western  part 
of  the  loess  plateau  (Caoxian  village,  Gansu  Province)  appears  to  provide  a  high 
resolution  magnetic  susceptibility  record  which  spans  the  “Lateglacial”  (last  glacial 
/  interglacial  transition).  The  tecord  shows  several  short  period  fluctuations  in 
climate  which  can  be  correlated  closely  to  the  GISP2  proxy  air  temperamre  record. 
The  observed  intervals  correspond  to  those  more  traditionally  associated  with  nonh 
Atlantic  /  European  records  and  include  the  Holocene  amelioration,  the  Youngest 
Dryas,  the  Younger  Dryas,  the  Allerod,  the  Older  Dryas,  the  Bolling,  and  the 
Oldest  Dryas.  A  palaeomagnetic  directional  record  obtained  from  the  Caoxian 
samples  demonstrates  the  additional  ability  of  the  loess  to  act  as  a  recorder  of  the 
ambient  geomagnetic  field.  The  determined  secular  variation  supports  the 
interpretation  of  the  palaeoclimatic  data  and  rock  magnetic  analysis  suggests  the 
formation  of  the  2  signals  may  be  intrinsically  linked. 

Although  the  entire  section  is  2,25m  thick  and  covers  a  period  of  only 
I2Ka  it  clearly  demonstrates  the  potential  of  loess  as  an  archive  for  high  resolution 
records  of  local  terrestrial  climate. 


RAPID  CLIMATE  VARIATIONS  AND  CALVING  EVENTS  DURING  THE 
LAST  GLACIAL  IN  THE  SCOTIA  SEA,  ANTARCTICA 

A.  Hofmann  (1),  J.  Kipfstuhl  (1),  G.  Kuhn(l)  and  K.  Fuhrer  (2) 

(1)  AWl,  Bremerhaven,  Germany,  (2)  Physikal.  Institut,  Bern,  Switzerland 
ahofmann@awi-bremerhaven.de 

We  present  high-resolution  magnetic  susceptibility  (MS)  data  of  sediment-cores  taken 
in  the  southern  Scotia  Sea.  Antarctica.  The  whole-core  MS  of  core  PS23 19  correlates 
well  with  the  dust  record  of  the  Vostok  ice-core  (East  Antarctica)  over  nearly  two 
glacial  cycles.  The  main  source  area  for  the  dust  found  in  East  Antarctic  ice-cores  is 
Patagonia.  We  assume  that  the  variations  in  MS  are  controlled  by  the  input  of 
magnetite-rich  dust  originating  from  there.  The  MS  is  considered  to  reflect  climatic 
conditions,  such  as  aridity,  weathering  and  wind  strength,  charactenstic  of  South 
America  and  the  South  Atlantic,  The  good  correlation  of  the  MS  signal  of  core 
P$2319-I  with  the  calcium  record  of  the  GRIP  ice  core  from  Greenland  indicates  that 
the  climatic  conditions  responsible  for  the  variations  in  the  dust  flux  during  the  last 
glacial  may  have  been  similar  in  both  hemispheres.  Ice-rafted  detritus  daw  (IRD)  from 
Scotia  Sea  are  also  presented  and  discussed  in  context  with  the  Heinrich  events  m  the 
North  Atlantic. 


INCURSION  OF  SEA  WATER  INTO  GUCHENG  LAKE  DETECTED 
BY  MAGNETIC,  BIOLOGIC  AND  CHEMICAL  DATA 

S.  Hu  f  1 .2).  E.  Appel  ( 1 ).  S.  Wang  (2) 

(l)lnstitut  fur  Geologie,  Uni.  Tubingen.  (2)Nagjing  Institute  of  Geography 
shouyun.hu(gstudent,uni-tuebingen.de/Fax:  +49-7071-296990 

Lake  sediments,  covering  an  age  from  15  to  6  KaBP,  were  sampled  from  the 
Gucheng  Lake,  China.  A. clear  magnetic  boundary  exists  at  12.03  m,  above 
which  susceptibility  (k)  and  NRM  intensities  are  much  higher  than  below. 
Iron  sulphide  (probably  greigite),  magnetite  and  hematite  are  identified. 
Above  the  boundary,  iron  sulphide  is  a  main  magnetic  contributor.  Pollen 
and  spore,  as  well  as  pigments  verify  that  the  climate  quickly  turned  to 
warm  and  wet  conditions  since  11  KaBP  (13.7  m).  The  TOC  content  also 
increases  from  that  depth,  and  reaches  its  highest  value  at  12.5  m.  Scour 
surface  is  detected  at  12.3-12.2  m.  The  near-shore  marine  diatom  and  fresh¬ 
water  diatom  alternatively  appear  above  12.09  m,  testifying  the  incursion  of 
the  sea  water.  Brackish  water  existed  above  12,09  m,  weakening  at  6  m  and 
disappearing  at  4  m.  Stronger  reduction  environment  after  sea  water 
incursion  probably  favoured  the  formation  of  iron  sulphide,  which  may  lead 
to  an  increase  of  magnetic  intensity.  However,  the  magnetic  boundary  at  the 
depth  of  12.03  m  lags  behind  other  ones,  which  may  be  caused  by  the 
migration  of  magnetic  minerals  within  the  redox  transition  zone. 


C213 


A  MAGNETIC  STUDY  ON  LAKE  SEDIMENTS  FROM  ZOIGE 
BASIN,  EASTERN  TIBETAN  PLATEAU,  CHINA 

S.  Hu  (1.2).  E.  Appel  (1),  S.  Wang  (2) 

(l)Institut  fUr  Geologic,  Uni.  Tubingen,  (2)  Nanjing  Inst,  of  Geogra.,  China 
shouyun.hu@student.uni-tuebingen.de/Fax:  +49-707 1-296990 

Totally  3760  magnetic  samples  were  acquired  from  Core  RM  (314  m  long), 
drilled  at  Zoige  Basin,  eastern  Tibetan  Plateau.  Greigite  (SD  state)  exists 
along  the  whole  core,  and  is  a  main  magnetic  contributor.  Magnetite  and 
hematite  are  also  detected  within  160-43  m.  NRM  directions  show  a 
complex  record  with  many  apparent  changes  in  inclinations,  for  which 
greigite  or  magnetization  acquisition  process  may  be  responsible.  However, 
B/M  boundary  may  lie  at  about  286  m,  and  Blake  Event  at  25  m.  Within 
314-160  m  (as  well  as  43-4.5  in),  magnetic  intensity  (susceptibility  k,  NRM) 
may  be  controlled  by  redox  conditions.  Higher  TOC  content  in  warm  and 
humid  climate  favours  the  formation  of  greigite,  leading  to  higher  k  and 
NRM;  while  higher  carbonate  content  in  dry  climate  may  dilute  the 
concentration  of  magnetic  minerals,  resulting  in  lower  magnetic  intensity. 
Within  160-43  m,  the  low  fluctuation  of  k  overlapping  on  the  gradual 
increasing  k  background,  may  be  controlled  by  changes  of  the  redox 
conditions  too.  The  increasing  k  background  may  indicate  the  changes  in 
concentration  of  magnetite  and  hematite  related  to  the  uplift  of  the  Plateau. 


PALAEOMAGNETIC  AND  ROCK  MAGNETIC  PROPERTIES  OF  A  LOESS- 
PALAEOSOL  SEQUENCE  IN  THE  KEY  SECTION  VIATOVO  (N.E.  BULGARIA). 

J.  Hus  (1),  D.  Jordanova  (2),  R.  Geeraerts  (3)  and  J.  Evlogiev  (4) 

(1,  3)  Centre  de  Physique  du  Globe,  B-5670  Dourbes-Viroinval,  Belgium,  (2) 
Geophysical  Inst.,  Bulgarian  Academy  of  Sciences,  Acad.  G.  Bonchev  str.,  block 
3, 11 13  Sofia,  Bulgaria, ,  (4)  Str.  P.  Volov.  30,  P.B.  433, 7000  Rousse,  Bulgaria. 

The  most  complete  loess-palaeosol  sequence  in  NE  Bulgaria  was  examined  in 
Viatovo  with  the  aim  to  built  up  magnetostratigraphical  scheme  and  to  reconstruct 
palaeoclimatic  changes  during  the  Quaternary  in  this  area.  The  sequence,  about  26 
meters  thick,  contains  at  least  seven  pedocomptexes  and  seven  loess  units 
overlying  red  and  green  clays.  The  MS  signature  of  the  sequence  displays  highs  in 
the  palaeosols  and  the  contrast  with  the  parent  loess  is  similar  to  what  is  observed 
in  loess-palaeosol  sequences  in  Asilf  and  Central-Europe.  This  suggests  that  the 
same  mechanism  is  responsable  for  the  soil  magnetic  enhancement.  Oriented 
samples  were  taken  with  a  handheld  piston  corer  with  split-halve  corers  which 
reduces  considerably  mechanical  disturbance  during  coring.  Nevertheless.  AMS 
measurements  demonstrate  that  the  magnetic  texture  changes  during  coring.  The 
B/M  boundary  can  be  located  in  loess  unit  L7  and  two  unidentified  normal 
magnetozones  occur  in  the  red  clay.  An  examination  in  detail  of  the  upper  part  of 
the  sequence  and  also  of  a  loess-palaeosol  sequence  along  the  Danube  near  Russe 
at  Km  504  failed  to  detect  the  presence  of  the  Blake  Event.  Therraomagnetic, 
Mdssbauer,  hysteresis,  IRM  and  VRM  properties  were  measured  in  order  to 
identify  the  nature  and  magnetic  state  of  the  remanence  carriers. 


MAGNETIC  SIGNATURES  OT  HEINRICH  EVENTS  SINCE  ISOTOPIC 
STAGE  7  ALONG  THE  IBERIAN  MARGIN. 

Moreno  E.,  Thouveny  N.,  Candon  L.  and  Delanghe  D. 

Laboratoire  de  Gdologie  du  Quaternaire-CNRS-CEREGE,  Europ6Ie 
de  I’Arbois,  BP80,  13545  Aix  en  Provence,  France, 
email:  eva@cerege.fr 

A  high  resolution  magnetic  study  was  performed  along  2  piston 
cores  collected  in  1995  off  the  Iberian  margin  (MD952042; 
37'’47’N,  32m  long  and  MD952040;  40‘’35’N,  35m  long).  The 
sedimentary  sequence  is  composed  of  homogeneous  greys  clays. 
Seven  susceptibility  peaks  occuring  during  isotope  stages  (I.S.) 
4  to  1  have  been  identified  to  Heinrich  events  (HO  to  H6).  For  HE 
2, 4  and  6  the  magnetic  parameters  indicate  a  larger  grain  size 
of  the  IRD  for  the  Northernmost  site  (MD952040),  suggesting  that 
icebergs  reached  the  margin  by  the  north.  H5  is  clearly 
identified  by  grain-size  dependent  parameters  in  contrast  with 
former  granulometric  analyses  (Lebreiro  el  al.,  1997).  Major  % 
peaks  also  appear  during  cooling  substages  5b  and  5d  suggesting 
that  ice  rafting  occured  even  in  I.S. 5. 

Within  I.S.  7,  short  cold  episodes  are  also  expressed  by  %  peaks 
characterized  by  a  much  weaker  amplitude  than  during  the  last 
climatic  cycie. 


PALAEOCLIMATIC  CHANGES  IN  MAGNETIC 
SUSCEPTIBILITY  RECORD  OF  THE  PERMIAN  CLAYS, 
EAST  EUROPEAN  PLATE,  RUSSIA 

Rafael  Mukhamadiev,  Danis  K.  Nurgaliev.  Nikolay  Shabalin 
Kazan  State  University,  Kazan,  Russia 
geod@pmkgu.kcn.ru/Fax:007-8432-320267 

Well  logging  data  of  magnetic  susceptibility  (MS),  natural 
gamma  radiation  (NGR),  SP  and  electrical  resistivity  have  been 
employed  in  studying  Permian  clay-containing  red  beds.  These 
parameters  display  various  types  of  interrelations  throughout  the 
section.  Thermomagnetic  analysis  indicates  correlation  between 
MS  changes  and  content  of  Y-Fe205.  a-  Fe^Os  and  Fe304. 
Magnetic '  material  of  the  sediments  has  been  determined  to 
originate  from  1)  palaeosoil  horizons  (high  content  of  y-FezOs, 
high  values  of  MS,  NGR  in  clay-containing  rocks),  2)  remote 
igneous  rocks  (FesOz,  association  of  FesOj-y-FezOs,  high  content 
of  sand  component),  3)  Permian  sedimentary  rocks  (hematite,  low 
values  of  MS,  high  values  of  NGR  in  clay-containing  rocks).  This 
model  has  been  used  for  correlation  of  ‘'climate  optimum"  in  well 
sections. 


THE  PALED-  AND  PETROMAGNETIC  RECORD  IN  THE  POLISH  AND 
UKRAINIAN  LOESS-PALEOSOL  SEQUENCES. 

J.  Nawrocki  ( I ),  V.  Bakhmutov  (2),  A.  Bogucki  (3)  and  L.  Dolecki  (4) 

(I)  Polish  Geological  Institute,  Rakowiecka4,  00-975  Warsaw,  Poland. 
Jnaw@pgi.waw.pl/fax:  (48  22)  49  53  42,  (2)  Institute  of  Geophysics,  National 
Ukrainian  Academy  of  Sciences,  Palladin  av.  32,  252680  Kiev- 142,  Ukraine, 

(3)  Department  of  Geography,  Lvov  University,  Doroszenki  4 1 ,  290000  Lvov, 
Ukraine,  (4)  Department  of  Physical  Geography  and  Paleogeography,  Maria 
Curie-Sklodowska  University,  Akademicka  19, 20-033  Lublin,  Poland. 

Six  loess  sections  from  the  Black  Sea  region,  western  Ukraine  and  southern  Poland 
were  paleo-  and  petromagnetically  studied.  No  one  reliable  paleomagnetic  event  was 
found.  The  values  of  magnetic  susceptibility  and  saturation  remanent  magnetization 
noted  in  „pure”  loess  are  similar  in  all  sections  investigated.  The  situation  is  different 
in  the  case  of  pedocomplexes.  The  susceptibility  values  noted  in  all  fossil  soils  from 
the  Black  Sea  region  are  tree  time  higher  than  observed  in  the  Polish  and  western 
Ukrainian  pedocomplexes.  In  the  sections  from  the  Black  Sea  region  a  very  big 
amount  of  high  susceptible  (low  cocrcivity)  magnetite  grains  was  also  noted  in  the 
interstadial  soils.  Because  of  this  the  correlation  of  petromagnetic  curves  from  the 
Black  Sea  sections  with  oxygen-isotope  fluctuations  in  deep-sea  sediments  is  not  so 
simple  as  it  has  been  assumed.  In  all  sections  studied  about  seven  susceptibility 
fluctuations  were  observed  in  the  loesses  from  interstadial  oxygen  isotope  Staae  3.  It 
seems  that  these  parts  of  Polish  and  Ukrainin  loess-paleosol  sequences  are  the  most 
promising  for  further  detailed  paleoclimatic  reconstructions. 


A  ROCK  MAGNETIC  RECORD  FROM  LAMA  LAKE  -  NORTHERN 
SIBERIA 

N.R.  Nowaczvk  (1),  S.Harwart  (2)  &  M.  Melles  (2) 

(1)  GeoForschungsZentrum  Potsdam,  Germany,  (2)  Alfred-Wegener-lnstitut 

Potsdam,  Germany 

nowa@gfz-potsdam.de 

A  multi-disciplinary  German-Russian  research  project  focusses  on  the 
reconstruction  of  the  Late  Quaternary  environmental  history  of  northern 
Central  Siberia.  A  10m  long  sediment  core  has  been  recovered  from  Lama 
Lake  on  the  Taymyr  Peninsula.  Palynological  investigations  revealed  a  late 
Pleistocene  age  (about  17ka)  for  the  core  base.  The  core  has  been  sampled 
in  detail  for  geochemical  and  a  paleo-  and  rock  magnetic  investigation. 
NRM,  ARM,  IRM  and  susceptibility  measurements  and  some  low  and  high- 
temperature  investigations  revealed  fine  grained  titanomagnetite  as  the 
magnetic  phase  responsible  for  the  very  high  NRM  intensities.  A  significant 
change  in  magnetomineralogy,  grain  size  as  well  as  Ti-content,  can  be 
observed  at  the  Pleistocene/Holocene  transistion,  reflecting  the  different 
sedimentational  regimes  during  the  late  glacial  and  the  Holocene, 
respectively. 
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UPPER  PERMIAN  CYCLOSTRATIGRAPHY  OF  EAST  RUSSIAN 
PLATE:  ORBITAL  PERIODICITY  AND  PALAEOMAGNETIC  DATA 

Oanis  K.  Nurgaliev 

Kazan  State  University,  Kazan,  Russia 

geod@pinkgu.kcn.ru/Fax:007-8432-320267 

The  Upper  Permian  of  East  Russian  Plate  bear  esidence  of 
sedimentation  cycles  of  various  orders.  Absolute  duration  of  some  ctcles  has 
been  investigated  using  palaeomagnetic,  magnetomineralogical,  l5thological, 
and  natural  gamma-ray  intensity  methods.  Absolute  sedimentation  rate  for 
Upper  Permian  clays  has  been  determined  through  palaeomagnetic  study  of  the 
spectra  of  palaeosecular  geomagnetic  variations.  The  sedimentation  rate 
depended  on  periodicity  of  microlaminations  and  cycles  of  solar  acthity. 
Magnetomineralogical  data  on  the  palaeosoil  magnetic  components  permitted 
to  reconstruct  palaeoclimatic  conditions.  Natural  gamma-ray  intensity  method 
has  been  used  for  the  reconstruction  of  clay  component  (i.e.  relative  water 
depth)  changes  in  well  sections.  There  has  been  shown  the  presence  of  hierarchy 
of  cycles  with  characteristic  periodic  ratios  which  depended  on 
palaeogeographical  conditions.  The  acquired  data  indicate  that  the 
Milankovitch  periodicity  affected  Upper  Permian  sedimentation  process  within 
East  Russian  Plate. 


ORBITAL  FORCING  OF  MAGNETIC  PROPERTIES;  PRELIM¬ 
INARY  RESULTS  OF  TWO  OOP  SITES  (NORTH  ATLANTIC. 
MEDITERRANEAN) 

G.  Port,  K.  Krumsiek,  U.  Hambach  and  Th.  Rose 

Uiiiversitat  zu  Koln,  Geologisches  Institut,  Ziilpicher  Strafie  49  a,  50674  Koln, 
Germany. 

guido.portOuni-koeln.de/Fax:  [+49]  221  4705149 

Spectral  power  analysis  of  magnetic  susceptibility  data  from  the  ODP  sites 
963A  (Mediterranean)  and  981A  (North  Atlantic)  shows  clearly  the  influence 
of  changes  of  the  earth’s  orbital  parameters.  The  Cobb  Mountain  event,  and  the 
Jaramillo  reversal  provide  a  reliable  time  frame  for  the  pleistocene  sediments 
of  both  sites. 

Assuming  a  sediment  accumulation  rate  of  94  m/myr  for  the  mediterranean  site 
and  52  m/myr  for  the  north  atlantic  site,  most  of  the  Milancovitch  frequency's 
correspond  to  maximum  values  of  the  power  spectrum.  Comparing  the  power 
spectra  of  both  sites,  the  influence  of  the  geographical  latitude  is  obvious: 
While  the  variation  of  the  susceptibility  signal  from  the  north  atlantic  core 
is  dominated  by  the  obliquity  parameters,  it  is  mainly  the  eccentricity  beeing 
responsible  for  the  changes  of  the  susceptibility  of  the  mediterranean  core. 

We  propose  a  model  in  which  the  insulation  is  the  controlling  factor  for  the 
concentration  of  magnetic  minerals  and  hence  the  magnetic  susceptibility:  .An 
increased  insulation  causes  a  dilution  of  the  magnetic  contents  due  to  a  higher 
biogenic  productivity.  Further  more,  the  magnetic  susceptibility'  is  controlled 
by  the  varying  terrigeneous  sediment  supply  during  sea  level  changes. 


PALED-  AND  ROCKMAGNETIC  STUDIES  OF  THE  KIRCH- 
RODE  CORES  (ALBIAN,  NORTH-WEST-GERMAN  BASIN) 

Th.  Rose.  K.  Krumsiek,  G.  Port  and  U.  Hambach 

Universitat  zu  Koln,  Geologisches  Institut,  Ziilpicher  StraBe  49a,  50  674  Koln, 
Germany. 

thomas .roeeCuni-koeln.de/Fax:  [+49]  221  4705149 

The'paleo-  and  rockmagnetic  investigation  of  the  371  m  thick  section  of  .Albian 
sediments  from  the  research  cores  Kirchrode  I  and  II  (Lower-Saxony-Basin, 
NW-Germany)  mainly  follows  three  goals:  (a)  to  reveal  and  describe  possible 
linkage  between  magnetic  properties  and  the  variations  of  the  earth's  orbital 
parameters,  (b)  to  search  for  the  existence  of  reversals  of  the  earth’s  mag¬ 
netic  field,  since  the  time  span  represented  by  the  Kirchrode  cores  is  part  of 
the  Cretaceous  Quite  Zone  and  the  existence  of  reversals  has  been  reported, 
and  (c)  to  establish  a  record  of  the  paleointensity  of  the  earth's  magnetic  field 
for  the  .Albian.  High  sedimentation  rates  of  up  to  100  m/.\Iy  allow  for  tempo¬ 
ral  resolution  of  some  thousand  years.  Fundamental  interdisciplinary  data  are 
already  available  since  the  magnetic  investigations  started  during  the  former 
Boreal’  Cretaceous  Cycles  Project  (BCCP).  The  comparison  and  correlation  of 
the  magnetic  data  with  geochemical,  paleontological,  and  geophysical  logging 
data  show  that  the  variations  of  the  magnetic  data  are  independent  of  lithology 
aitd  may  reflect  true  variations  of  the  earth’s  magnetic  field. 


ROCKMAGNETIC  PROPERTIES  OF  EEMIAN  SEDI¬ 
MENTS  FROM  LACUSTRINE  SECTIONS  IN  FRANCE:  A 
POSSIBLE  LINK  TO  CLIMATE? 

H.  Stockhausen  &  N.  Thouveny  (CEREGE,  BP.80,  13545  Aix  en 
Procveace  Cedex  09,  France) 

CUmatic  \'araibUity  within  the  last  interglacial  (Eemian)  has  been  re¬ 
ported  from  lacustrine  sediments  from  Lac  du  Bouchet,  southern  France 
(Thouveny  et  al,  Nature,  371 , 503  -  506, 1994).  These  sediments  were  re¬ 
investigated  in  detail  with  rockmagnetic  methods  in  order  to  determine 
the  possible  origin  of  the  magnetic  susceptibility  variations.  To  support 
the  empirical  relation  between  magnetic  susceptibility  and  climate  as 
inferred  in  that  paper  two  additional  Eemian  sequences  from  french  la¬ 
kes  (Lac  Saint  Front,  Ribains  maar  lake)  were  studied.  Rockmagnetic 
investigations  mainly  consisted  of  analyses  of  anhysteric  and  isothermal 
remanent  magnetizations  alongside  hysteresis  measurements  carried  out 
on  pilotsamples.  Results  showed  evidence  for  postdepositional  magnetite 
dissolution  in  Lac  du  Bouchet,  possibly  with  only  minor  effects  on  ma¬ 
gnetic  susceptibility.  Lac  Saint  Front  partly  shows  a  complex  behaviour 
with  contradicting  results  that  might  be  explained  by  a  fine  grained 
magnetite  or,  possibly,  the  presence  of  maghemite.  Ribains  shows  a  ho¬ 
mogeneous  mineralogy  without  fluctuations  in  magnetic  grain  size  or 
magnetic  mineralogy.  Magnetic  susceptibility  can  thus  in  all  cases  be 
supposed  to  mainly  reflect  variations  of  the  detrital  (titano-)magnetite 
input.  Nevertheless  do  sections  correlate  poorly  between  the  lakes,  yiel¬ 
ding  a  dominance  of  regional  effects  over  a  global  climatic  origin.  Thus 
Lac  du  Bouchet  continues  to  be  the  only  lake  investigated  in  France  so 
far  whose  susceptibility  signal  can  tentatively  be  correlated  with  green- 
landic  climatic  variations,  assuming  the  latter  to  be  real. 


CLIMATIC  AND  OCEANIC  TRENDS  IN  THE  LAST  CLIMATIC  CYCLE 
VIEWED  BY  THE  ROCK-MAGNETIC  SPYGLASS. 

Thouveny  N.,  Candon  L.,  Delanghe  D.,  Lancelot  Y.,  Moreno  E. 

Laboratoire  de  Gdologie  du  Quatemaire-CNRS-CEREGE,  Europdle 
de  I’Aibois,  BP80,  13545  Aix  en  Proveiice,  France, 
email;  thouveny@cerege.fr 

Core  MD952042  (IMAGES  lOl-Iberian  margin)  32  m  long, 
contains  sediments  deposited  during  the  last  climatic  cycle 
(isotopic  stages  6  to  1).  Magnetic  susceptibility.  Isothermal  RM 
and  Sratio  spikes  characterize  IRD  layers  identified  with 
Heinrich  events  -  in  agreement  with  planktic  micro¬ 
paleontology  (Bouldoire  et  al.  1996;  Cayre  et  al.  1996)  and 
dolomite  contents  (Lebreiro  et  al.,  1996).  Icebergs  drifted  down 
to  a  latitude  of  37°47’  not  only  during  H.E.  but  also  during 
stages  -Sb  and  5d!  The  «hematite  covered  grains*  (HCG) 
content  -approached  by  the  Hard  IRM  method  -suggest  that 
altered  belts  contributed  to  the  clastic  fraction  of  some 
Heinrich  layers.  The  anhysteretic  RM  mimics  the  oxygen 
isotope  record  (Cayre,  1997)  and  the  organic  carbon  profiles 
(Pailler  and  Bard,  unpub.).  ARM  maxima  -marking  warm 
stages-  are  carried  by  layers  rich  in  magnetite  debries  (<lpm ) 
identified  by  SEM  and  EDS  analyses.  Determining  the  source  of 
this  magnetite  (continent  or  oceanic  ridge?)  is  a  key  for 
climatic  and  oceanographic  inteipretations. 


MAGNE-nC  CONCENTRATION  VARIA'HONS  IN  LOESS  SEQUENCES  IN 
CENTRAL  ALASKA;  REFLECTING  CHANGES  IN  WIND  DIRECTIONS 
AND  INTENSITIES  ? 

P.Vlag  (1),  E.A.  Oches  (2),  and  S.K.  Baneijee  (1) 

(1)  Institute  for  Rock  Magnetism,  University  of  Minnesota,  U.S.A.  (2)  Dept,  of 
Geology,  Univ.  of  South  Florida,  U.S.A. 
e-mail:vlagx001@tc.umn,edu;  fax:  (612)  625.7502 

The  magnetic  signal  of  the  loess/paleosoil  sequences  in  Alaska  differs  from 
that  in  China,  the  Czech  Republic  and  the  Ukraine.  In  contrast  to  latter,  the 
Alaskan  sequences  do  not  show  systematically  higher  magnetic  concentrations 
in  the  (paleo)soils,  but  they  do  show  large  concentration  variations  in  the  loess 
intervals  themselves  (Beget  et  al.,  1990).  Hysteresis,  frequency  dependence  of 
susceptibility  and  low-temperature  measurements  indicate  that  these  variations 
in  concentration  are  accompanied  by  small,  but  significant  changes  in  magnetic 
grain  size.  Hematite  and  maghemite'  were  not  detected  in  the  loess  intervals, 
suggesting  that  these  magnetic  variations  are  not  due  to  alteration  but  due  to 
varying  wind  patterns. 

During  the  presentation  we  show  the  results  of  the  rock  magnetic  and 
geochemical  measurements  of  the  Halfway  House  and  Gold  Hill  sequences  in 
Central  Alaska.  WeTl  discuss  whether  magnetic  changes  in  the  loess  intervals 
can  be  related  to  a  changing  source  induced  by  variations  in  wind  intensity  (and 
directions)  during  the  dry  cold  glacial  periods. 


C215 


SI. 34 


ENVIRONMENTAL  MAGNETIC  RECORD  OF  THE  LATE 
PLEISTOCENE  TO  HOLOCENE  TRANSITION  AS  RECORDED 
AT  SAANICH  INLET,  VANCOUVER  ISLAND,  BRITISH 
COLUMBIA 

Kenneth  L.Veitwuh  (1)  and  Robert  Kailin  (2) 

(1)  DepL  of  Geology,  Univ.  of  Califomia-Davis  (2)  Mackay  School  of  Mines, 
Univ.  of  Nevada-Reno 

verosub@geology.ucdavis.edu/Fax:  1-530-752-0951 

The  sediments  of  Saanich  Inlet,  Vancouver  Island,  British  Columbia,  contain  an 
excellent  record  of  the  transition  from  Late  Pleistocene  glacio-marine  muds  to 
Holocene  varved  deposits.  These  sediments  were  sampled  in  seven  holes  at  two 
sites  during  ODP  Leg  169S.  The  deepest  hole  at  each  site  penetrated 
api^imately  60  meters  of  Holocene  sediment  and  50  meters  of  Late  Pleistocene 
s^ment.  A  complete  sequence  of  u-channel  samples  was  collected  from  each  site. 
The  Late-Pleisiocene  to  Holocene  transition  is  clearly  marked  by  more  than  a  ten¬ 
fold  decrease  in  magnetic  susceptiblity  and  in  the  intensity  of  anhysteretic  and 
saturation  isothermal  remanent  magnetization.  The  environmental  magnetic 
changes  seen  across  this  boundary  in  these  marine  sediments  are  similar  to  clmges 
previously  reported  across  similar  boundaries  found  in  lacustrine  sediments  in 
northern  ^ifomia. 


SE34  Rockmagnetism,  palaeomagnetism  and 
environmental  magnetism 

Convener:  Hoffmann,  V. 

05  New  challenges  in  environmental 
research:  magneto-monitoring  of  anthropic 
influence  to  ecosystems 

Convener;  Scholger,  R. 

Co-Convener:  Rochette,  P. 


MAGNETIC  SUSCEPTIBILITY  AS  INDICATOR  OF  ENVIRONMENTAL 
POLLUTION  OF  SOILS  IN  TALLINN  (ESTONIA) 

L.  Bityukova  (Institute  of  Geology,  Tallinn  Technical  University,  Estonia  Avenue  7, 
Tallinn,  EEOOOl,  Estonia,  Iida@gi.ee/Fax:  +372-6312-074),  R.  Scholger  (Institute 
of  Geophysics,  University  of  Leoben,  Palaeomagnetic  Laboratory,  Gams  45,  A- 
8130,  Frohnieiten,  Austria),  M.  Birke  (Federal  Institute  of  Geosciences  and  Natural 
Resources,  Branch  Office  Berlin,  Wilhelmstrasse  25-30,  13593  Berlin,  Germany) 

Low-field  magnetic  susceptibility  (k)  and  concentrations  of  40  elements  were 
determined  for  53 1  sarnples  collected  from  topsoils  on  the  territory  of  the  biggest 
industrial  center  of  Estonia.  The  study  was  carried  out  during  a  small-scale 
geochemical  mapping  and  monitoring  of  soils  of  Tallinn.  The  main  purpose  was  to 
establish  the  sources  of  pollution  and  to  study  the  applicability  of  magnetic 
susceptibility  measurements  for  determining  geochemical  anomalies.  Relationship 
between  k  and  chemical  data  was  studied  by  means  of  correlation  and  factor 
analyses.  Higher  than  average  k  values  were  observed  in  soils  on  the  territory  of  the 
phosphorite  deposits  Maardu.  The  susceptibility  anomaly  is  caused  by  particular 
geological  circumstances  and  can  be  related  to  high  contents  of  ferromagnetic 
minerals  in  the  host  rocks.  Strong  positive  correlations  of  k  with  Cr,  Pb,  Zn  and  Cu 
observed  in  soils  from  the  central  part  of  the  city  are  conditioned  by  industrial 
contamination  mainly  by  metal-working  factories  and  by  traffic.  These  heavy  metals, 
known  as  the  most  hazardous  elements,  are  easily  extracted  from  the  soil  in  the  studied 
area  by  plants.  In  addition  to  standard  geochemical  mapping,  magnetic  susceptibility 
was  successfully  applied  in  determining  heavy  metal  pollution  of  soils  on  the  city 
territories. 


ROCK-MAGNETIC  SIGNATURES  OF  PEDOGENESIS  AND  CLIMATE 
VARIABILITY  IN  SOUTHERN  TANZANIA  (LAKE  MASSOKO)  DURING 
THE  LAST  35  kyr. 

D.  Williamson  (1,2),  P.A.  Barker(3),  M.J.  Jackson(l),  J.  Marvin(l),  O.  Merdaci(2),  M. 
Taieb(2),  N.  Thouveny(4),  and  A.  Vincens(2) 

(1) Dept,  of  Geology  &  Geophysics,  University  of  Minnesota,  2 10  Pillsbury  Hall,  310 
Pillsbury  Dr.,  Minneapolis  MN  55  455,  USA.  Tel:  612-624-5274, 

(2) CNRS,  CEREGE,  BP  80,  13  545  Aix-en  Provence  cedex  4,  France.(3}  Dept  of 
Geography,  University  of  Lancaster,  UK.  (4)  UniversitO  de  la  MOditerranUe,  COM, 
Luminy  Case  901,  13  288  Marseille  Cedex  9,  France.E-mail;  davwill@cerege.fr 

Magnetic  measurements  have  been  performed  on  present-day  soils,  basaltic  catchment 
basin  rocks,  and  cored  sediments,  as  taken  out  from  Lake  Massoko  (9  20'S,  33 :45’E, 
770m  alt,  4lm  max.  water  depth),  a  -40  kyr-old  maar-lake  from  the  Rungwe 
volcanic  chain.  The  magnetic  concentration  proxies  point  to  a  significant  magnetic 
enhancement  in  fhe  soils,  and  in  littoral  sediments.  Low-  and  high-  temperature 
experiments  suggest  that  this  enhancement  results  from  an  increased  contribution  of 
1)SP  grains,  and  2)  SD  to  MD  Ti-substituted  Fe-oxides.  Like  present-day  soils,  the 
upper  (Holocene)  and  bottom  (>25  kyr  BP)  sediments  have  a  relatively  high  magnetic 
concentration  (>l%eq.magnetitc),  associated  with  SP  to  PSD  contributions.  Changes 
in  magnetic  concentration  and  structure-  dependent  parameters  are  associated  with 
changes  in  pollen,  diatom  and  organic  matter  assemblages.  They  indicate 
short-duration  changes  in  the  (P-E)  budget,  likely  through  the  erosion  of  littoral 
sediments  during  low-stands.  In  contrast,  the  sediments  deposited  in  arid  conditions, 
between  -30  and  -6  kyr,  point  to  increased  contributions  from  the  catchment.  We  thus 
infer  a  close  relationship  between  pedogenesis  and  climate  dynamics  at  the 
precessional  scale  in  the  region. 


MAGNETIC  MAPPING  OF  SOIL  POLLUTION  AROUND  A 
GLASS  FACTORY  OF  BRATISLAVA,  SLOVAC  REPUBLIC 

O.  fiurza 

Department  of  Geochemistry,  Faculty  of  Natural  Sciences,  Comenius 
University,  Mlynska  dolina,  842  15  Bratislava,  Slovakia 
DURZA  @  fits  uniba.sk 

Recent  studies  have  shown  that  under  certain  conditions  magnetic 
susceptibility  can  be  used  as  a  proxy  parameter  for  the  detection  of  higher 
heavy  metals  contens  in  soils.  The  purpose  of  this  study  is  to  assess  the  heav\' 
metals  contamination  in  soils  around  the  glass  fectory  utilizing  soil 
kappametry.  Magnetic  susceptibilit>-  values  by  field  measurements  were 
compared  with  the  results  of  chemical  analysis  of  soil  samples.  The  highest 
values  of  magnetic  susceptibility  can  be  easily  identified  and  corespond  to  the 
heavy  metals  contents.  The  investigation  of  magnetic  susceptibility  in  soils 
revealed  that  its  increase  is  due  to  immission  of  air  pollutants  to  SE  from 
glass  factory.  In  this  part  pollutant  resistant  trees  (pine  -  Pinus  sylvestris) 
have  died  due  to  immission  of  air  glass  factory  pollutants  under  influence  of 
prevailing  NW  winds  There  is  the  highest  contamination  of  heavy  metals 
(especially  Cd  and  Pb)  there  and  the  highest  values  of  magnetic  susceptibiliu- 
too. 


HEAVY  METAL  SORPTION  ONTO  MAGNETITE  ;  CASE  STUDY  OF 
CADMIUM 

V.M.  Georgeaud.  J.P.  Ambrosi,  P.  Rochette  &  J.Y.  Bottero  (CEREGE, 
University  of  Aix-Marseille  III  -  CNRS  -  Arbois  -  B.P.  80  -  13  M5  Aix  en 
Provence  Cedex  04  -  France) 

Over  the  past  15  years,  several  rock  magnetic  studies  have  evidenced 
the  relationship  between  magnetic  properties  and  heavy  metals  contents 
of  materials  related  with  anthropic  activities.  A  lot  of  pure-chemistry 
papers  pointed  out  the  preferential  adsorption  of  Pb,  Zn,  Cu,  Cr,  Cd...  at 
the  surface  of  iron(lll)  oxi-hydroxides.  The  purpose  of  the  present 
experiments  is  to  test  the  intrinsic  relationship  between  heavy  metals 
adsorption  and  magnetic  properties  of  the  adsorbant.  Magnetite  has  been 
chosen  for  its  well  known  magnetic  properties,  its  chemical  composition 
(mixed  valence  iron  oxide)  and  for  its  electrochemical  characteristics 
(fast  electron  delocalization  without  structural  changes).  Various 
studies  on  chromium  or  lead  sorption  onto  magnetite  have  been  carried 
out  for  2  years  (Peterson  el  a/.,  1996;  Georgeaud  el  at.,  1997).  The 
chemical  ability  of  magnetite  for  Cd  retention  with  potential  alteration 
of  its  magnetic  properties  wiil  be  discussed. 
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MONITORING  OF  ANTHROPOGENIC  HEAVY  METALS 
ACCUMULATED  IN  CONTAMINATED  SOILS:  POTENTIAL  OF 
MAGNETIC  PROPERTIES  APPROACH  ON  MULTISOURCE 
ZONE 

F.  L^veaue.  H,  Lecoanet,  P-E.  Mathd,  D.  Vandamme,  F.  Ben-Atig,  A.  Veron  and 
J-P.  Ambrosi  (CEREGE,  BP  80,  F13545  Aix-en-Provence  Cedex  04,  France) 
fleveque@cerege.fr,  fax  :  (33/0)  4  42  97  15  95 

Here,  we  investigate  the  relationships  between  heavy  metals  and  magnetic 
parameters  in  soils  from  the  Berre-Fos  industrial  basin  located  in  southern  France. 
This  site  is  among  the  largest  contributors  to  anthropogenic  emissions  in  the 
Mediterranean  troposhere.  The  intensity  of  saturated  anhysteretic  and  isothermal 
remanent  magnetization  (ARMs  and  IRMs)  is  clearly  correlated  to  heavy  metal 
concentration.  Such  coirelation  is  better  defined  by  log(IRMs)+log(ARMs)  that 
equally  takes  into  account  fern-  and  antiferromagnetism  properties.  On  the  other 
hand,  log(IRMs)-log(ARMs)  offers  an  estimate  of  ferri-  and  antiferromagnetism 
respective  contribution.  The  comparison  of  this  parameter  to  partial  IRM 
(IRMlOOmt/IRMs)  and  partial  ARM  (ARM40mT/ARMs)  allows  the 
characterization  of  industrial  sources  (including  cement  works,  metallurgy, 
petrochemical  and  urban  emissions). 


ENVIRONMENTAL  MAGNETISM: 

Identification  of  the  Onset  of  Iron  Ore  Industry  in  Sweden 

NUs-Axel  Momer 

Paleogeophysics  &  (jeodynamics,  Sweden,  momer  @  pog.su.se 


MAGNETIC  PROPERTIES  AND  IRON  CYCLING  FOR  THE 
LAST  110  YEARS  IN  THE  BALDEGGERSEE,  SWITZERLAND 
A.M.  Hirt  (1),  D.  Bachler  (1),  L.  Lanci  (1),  R.  Zergenyi  (1),  M.  Sturm  (2) 
and  A.F.  Letter  (3) 

(1)  Institute  of  Geophysics,  ETH  Honggerberg,  CH/8093  Zurich,  (2)  Environ¬ 
mental  Physics,  EAWAG,  CH-8600  Diibendorf,  (3)  Geobotanical  Institute.  Uni- 
versitat  Bern,  CH-3012  Bern. 

Iron  reacts  sensitively  to  changes  in  the  oxygen  conditions  of  deep  water  in 
lakes;  therefore,  eutrophication  affects  the  internal  iron  cycling.  This  study 
examined  the  magnetic  properties  from  a  freeze  core  from  the  Baldeggersee,  lo¬ 
cated  on  the  Swiss  Plateau.  The  core  was  taken  in  the  deepest  part  of  the  lake 
(66m)  in  1993.  Varves  were  used  for  the  detailed  dating  of  the  core.  Their  preser¬ 
vation  started  in  1885  with  the  onset  of  anoxic  conditions.  The  lake  became 
increasingly  anoxic  and  consequently  a  lake  restoration  program  was  initiated 
in  1982.  Mass  susceptibility  and  the  intensity  of  SIRM  show  a  good  correlation 
with  the  iron  content  in  the  sediments.  These  three  parameters  show  a  decrease 
from  1920  to  1982,  after  which  there  is  a  slight  increa.se  in  the  iron  content 
and  magnetic  signal.  The  ferromagnetic  mineralogy  is  constant  throughout  the 
core  and  magnetite  was  identified  from  thermomagnetic  analysis.  Minor  fluctu¬ 
ations  in  the  content  of  superparamagnetic  grain  sizes  appears  to  be  related  to 
summer  temeprature  conditions.  The  role  of  internal  iron  cycling  on  magnetic 
mineralogy  will  be  discussed. 


SEARCH  FOR  ATMOSPHERICALLY  DEPOSITED  FLY-ASH 
MAGNETITE  IN  SOILS  USING  MAGNETIC  CHARACTERISTICS 

A.  Kanidkafll.  E.  Petrovsky(l),  N.  Jordanova(l*),  V.  Hoffmann(2),  K.  Zaplelal(3) 

(1)  Geophysical  Institute,  Boini  II,  141  31  Prague  4,  Czech  Republic, 
kanicka@ig.cas.cz.  Fax:  +420-2-71761549 

(2)  Inst.  Allgem.  Angew.  Geophysic.  University  Milnchen,  Theresienstr.  41, 

80333  Milnchen,  Germany 

(3)  AGICO  Ltd.,  leina  29a,  Bmo,  Czech  Republic 

♦  Permanent  address:  Geophysical  Institute  BAN,  Acad.  Bonchev  Street,  Sofia, 
Bulgaria 

Soil  samples  from  neighbourhood  of  a  brown-coal  power  plant  were  investigated  in 
order  to  determine  the  presence  of  atmospherically  deposited  magnetite  originated 
from  the  power-plant  fly  ash.  Magnetic  properties  of  the  soil  samples  and  magnetic 
e.xtracts  indicate  unique  magnetic  mineralogy  through  the  whole  area  in  concern. 
This  suggests  dominant  contribution  due  to  atmospheric  deposition  of  fly-ash 
magnetite  produced  by  combustion  of  fossil  fuel.  Several  magnetic  parameters 
(Curie  temperature,  hysteresis  parameters)  of  soil  samples  were  studied  and 
compared  with  those  of  fly  ash  samples.  Good  agreement  was  found  between  values 
of  remanence  coercivity.  However,  the  soil  samples  did  not  show  increased  Curie 
temperature  observed  on  fly  ash  samples.  Possible  reasons  for  this  disagreement 
will  be  discussed. 


Magnetic  measurements  for  the  detection  of  roadside  pollution;  distribution  of 
heavy  metal  contamination 

M.  Knab,  E.  Appel  und  V.  Hoffmann 

(Institut  fur  Geologic  und  PalSontologie,  Abtl.  Geophysik,  Univ.  Tubingen,  Germany) 

Detailed  investigations  of  the  roadside  pollution  due  to  traffic  were  performed  on  an 
area  along  the  B27  south  of  the  city  of  Tuebingen  (SW  Germany).  After  magnetic 
susceptibility  mapping  by  using  the  Bartington  field  loop  (D-sensor)  an  1 1  m  long 
profile  oriented  perpendicular  to  the  road  was  sampled  along  a  ditch  of  a  depth  of 
0,5m  by  (i)  pressing  inch-sized  sample  boxes  directly  in  both  sides  of  the  ditch  and  (ii) 
taking  soil  samples  of  a  size  of 20  x  20  cm  and  in  thicknesses  of  5cm.  A  set  of  measu¬ 
rements  was  carried  out  in  order  to  evaluate  horizontal  and  vertical  gradients  in  the 
distribution  of  the  following  magnetic  parameters:  susceptibility  (x),  hysteresis  proper¬ 
ties,  IRM,  backfield-curve  (H„),  ARM,  thermomagnetic  curves  (susceptibility  vs.  high 
and  low-temperature,  M,  vs.  high  temperature).  Additional  niineralogical  studies 
revealed  informations  on  the  (mainly  anthropogenic)  magnetic  phases  being  responsi¬ 
ble  for  the  magnetic  signature  of  the  roadside  soil.  Highly  magnetic,  magnetite  like 
spherules  of  anthropogenic  origin  were  detected  as  the  dominating  ferri(o)magnetic 
mineral.  The  content  of  certain  heavy  metals  (Pb,  Zn,  Cd,  Cu,  Ni,  Cr,  Fe,  Mn)  and 
some  organic  pollutants  was  determined  to  trace  the  horizontal  and  vertical  distribu¬ 
tion  in  the  soil.  High  correlation  coefficients  were  found  between  magnetic  susceptibi¬ 
lity  and  Pb,  Zn,  Cd.  Cu,  weaker  correlation  with  Cr  and  Ni  and  nearly  anticorrelation 
with  Fe  and  Mn.  This  clearly  reflects  the  origin  of  the  respective  elements  (lithogenic 
or  anthropogenic). 


The  iron  utilized  during  the  Iron  Age  was  always  limonite.  It  took  a 
long  time  before  we  understood  how  to  use  iron  ore  (magnetite, 
hematite).  Swedish  iron  ore  factories  rapidly  spread  over  Bergslagen 
(south-central  Sweden)  in  the  16th  and  17th  centuries.  In  two  cases 
we  know  of  simple  Medieval  melting-houses  (Lapphyttan  and 
Kalkbro).  If  early  iron  ore  quarrying  and  melting  existed,  this  ought  to 
be  recorded  in  the  environmental  magnetic  properties  of  the 
sediments.  We  have  analyzed  a  number  of  cores  downstreams  of  the 
Kalkbro  melting-house,  and  a  core  just  outside  a  very  early  small 
quarry.  In  both  cases  we  record  strong  peaks  in  magnetic 
susceptibility.  We  associate  these  peaks  with  the  activity  at  the 
melting-house  and  at  the  quarry,  respectively.  In  both  cases,  we  are 
dealing  with  sediment  levels  corresponding  to  early  or  early-middle 
Medieval  time;  i.e.  the  oldest  iron  ore  utilization  Imown.  The  exact 
age  is  determined  by  radiocarbon  dating  of  the  iron  peaks.  Our 
results  indicate  that  this  is  a  poverful  tool  for  the  identification  of  the 
onset  of  iron  ore  utilization  in  a  region. 


CALIBRATION  OF  MAGNETIC  SUSCEPTIBILITY  MEASUREMENTS 
FOR  ENVIRONMENTAL  POLLUTION  MONITORING 


Precise  measurements  of  specific  magnetic  susceptibility  (■/)  of  samples  are 
demanded  for  any  kinds  of  magnetomonitoring.  They  cannot  be  done  without 
reliable  calibration.  The  calibration  must  cover  a  wide  range  of  values 
from  X  tt  10-8  un.SI  x  m^/kg  for  water  and  organic  samples  to  x  =10“* 
un.SI  X  m3/kg  for  technogenic  dusts.  We  use  the  number  of  calibrating  samples 
with  dilTerent  volumes,  which  have  been  made  of  high-permeability  ferrites  (p 
>2000)  in  the  form  of  globes.  The  calibration  is  made  by  value  of  product  kv, 
where  K-magnetic  susceptibility  of  sample  and  v  -  volume  .  For  globe  k  =  3  (p  - 
1  )7  (p  +2)  and  when  jn  r*x.  k-»3  with  relative  error  Ek  =  3  Ep  /p.  Therefore  it 
is  enough  to  measure  onl\  v  that  to  know  kv.  We  certified  two  samples  with 
V  =  0.1244  and  0.2215  sm^  with  relative  errors  ±0.3%  and  ±0.2%.  For 
calibrating  samples  with  lesser  volumes  kv  have  been  determined  by  comparison 
them  with  certified  ones  according  to  measurements  by  frequency  method.  This 
way  of  calibration  is  allowed  to  use  if  sensor  coil  has  unifonn  field  in  volume 
equal  to  the  volume  of  calibrating  sample.  U.se  of  the  precise  calibration  has 
pennited  to  determine  corrections  due  to  not  uniform  field  in  sensor  coil  of 
Bridge  KLY-I,  which  are  necessary  for  tests  of  weakly  magnetic  liquids. 


A.A.Nulman.  V.I.Outkin 

Imslilute  of  Geophysics,  Ural  Branch  of  RAS 

nulm@igeoph.mplik.ru  /  Fax:  +7  -  3432  -  67  88  72 
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PARAMETERS  AFFECTING  THE  DISSOLUTION  RATE  OF 
MAGNETITE  AND  MAGHEMITE  IN  THE  CBD  EXTRACTION 
TECHNIQUE 

l.H.M.  van  Oorschot.  M.J.  Dekkers 

Utrecht  University,  Faculty  of  Earth  Sciences,  Paleomagnetic  Laboratory  ‘Fort 
Hoofddijk’,  Budapestlaan  17,  3584  CD  Utrecht,  tel:  +31-30-2531361,  fax:  +31- 
30-2535030,  e-mail:  oorschot@geof, ruu.nl 

In  environmental  magnetism,  magnetic  parameters  are  used  as  ‘proxies’  to 
specify  processes  that  have  affected  soils  or  sediments.  In  conjunction  with  the 
magnetic  parameters,  sequential  extraction  techniques  are  increasingly  used  to 
enhance  the  interpretative  potential  of  environmental  magnetism.  In  particular, 
the  CBD  method  is  popular.  It  was  originally  suggested  that  the  method  would 
only  dissolve  maghemite  but  recent  studies  have  shown  that  fine-grained 
magnetite  can  be  dissolved  as  well.  The  protocol  parameters  of  the  CBD-method 
have  been  adapted  by  several  workers  which  makes  comparison  of  the  results  of 
different  studies  difficult.  We  will  present  results  of  an  investigation  into  the 
influence  of  parameters  like  extraction  temperature  and  magnetic  mineral 
concentration  on  extraction  results.  Better  understanding  of  the  influence  of 
these  factors  will  enable  a  more  meaningful  comparison  of  existing  data.  An 
increase  in  temperature  as  well  as  a  decrease  in  magnetic  mineral  concentration 
increases  the  dissolution  rate  of  the  samples. 


COMPARISON  BETWEEN  MAGNETIC  AND  GEOCHEMICAL 
MAPPING  OF  SOIL  CONTAMINATION  IN  PRAGUE 

E.  Petrovskvf n.  P.  Hrab4k(2),  A.  KapiJka(l),  N.  Jordanovafl*) 

(1)  Geophysical  Institute.  Bo£n!  II,  141  3 1  Prague  4,  Czech  Republic, 
edp@ig.cas.ez.  Fax:  +420-2-71761549 
(2j  Institute  for  Environmental  Research,  Charles  University,  Ke  Karlovu, 
Prague  2,  Czech  Republic 

•  Permanent  address:  Geophysical  Institute  BAN,  Acad.  Bonchev  Street,  Sofia, 
Bulgaria 


Measurements  of  magnetic  susceptibility  of  surface  soils  in  public  parks  of  Prague 
were  compared  with  data  on  geochemical  mapping.  Despite  rather  complex  effect 
of  multiple  sources  of  atmospheric  pollution,  qualitatively  good  agreement  was 
found  between  distribution  of  magnetic  susceptibility  and  concentrations  of  lead, 
zinc  and  cadmium.  Various  short-range  (local)  effects  were  identified,  e  g. 
magnetic  signature  of  paved  sidewalks,  partial  park  remedialions,  etc.  Possible 
links  between  air  borne  magnetic  minerals  and  heavy  metals  in  conditions  of  great 
uiban  area  are  not  clear  yet  and  will  be  discussed. 


MAGNETIC  SUSCEPTIBIUTY  CAUBRATION  OF  DANUBE  DELTA 
LAKE  SEDIMENTS  AS  RESULTED  FROM  THE  GEOECOLOGICAL 
MONITORING,  AND  THE  ENVIRONMENTAL  MAGNETIC  SIGNATURE 

>S.C.RSdan  (1),  M.R2dan  (1),  S.RUan  (2) ,  A.Ganciu  (2)  and  N.Mihdilescu  (1) 

(1)  Geological  Institute  of  Romania,  (2)  GEOECOMAR,  Bucharest,  Romania 
RSdan@  igr.ro/Fax:  401-2502594 

During  1996  research  cruise  bottom  sediments  were  collected  from  both  fluvial 
delta  plain  (16  lakes  and  3  channels)  and  the  marine  delta  plain  (3  lakes  and 
Sachalin  Bay)  of  the  Danube  Delta  (DD)  as  Well  as  from  3  lakes  of  the  Razelm- 
Sinoe  lacustrine-lagoonal  Complex  (RSLC).  The  magnetic  susceptibility  (MS) 
values  (h)  are  between  (-3.2)xl0^SIu.  and  497.5xl0'*SIu.,  the  interval  being  very 
closed  to  the  range  characterising  the  1995  MS  monitoring  phase 
[(-0.9)xlO''’SIu.+471.2xlO‘'’SIu.l.  Five  k  classes  have  been  used  for  MS 
calibration  of  lake  sediments,  indicating  good  correlations  with  various  deltaic 
environments,  and  revealing  a  case  study  of  anthropic  influence  to  the  DD 
ecosystem.  The  MS  monitoring  results  confirm  the  environmental  changes 
induced  by  the  recent  human  activity  interventions  (e.g.,  the  digging  of  a  new 
canal  in  OD).  Besides  some  areas  under  stress  which  are  again  confirmed,  a 
special  attention  must  be  given  to  a  lake  where  the  environmental  conditions  have 
been  degraded  since  it  has  been  transformed  in  fishing  pool  (about  30  years  ago). 
The  ability  of  the  MS  monitoring  (introduced  since  1992)  to  identify  where,  when 
and  why  the  envirofunental  magnetic  signature  has  been  changed  is  commented 
taking  into  consideration  MS  data  obtained  on  bottom  sediments  having  been 
sampled  in  DD  and  RSLC  since  1977. 


MAGNETIC  SUSCEPTIBIUTY  MONITORING  ALONG  THE  DANUBE 
RIVER  ROMANIAN  COURSE;  GEOECOLOGICAL  SIGNIUCANCES 
M.Ridan  (1),  S.C.RMan  (1),  S.Ridan  (2).  Gh.Oaie  (2)  and  S.Szobotka  (2) 

(1)  Geological  Instinite  of  Romania,  (2)  GEOECOMAR,  Bucharest,  Romania 
RSdan  @  igr.ro  /  Fax:  401-2502594 

New  proofs  to  assess  the  capacity  of  the  magnetic  susceptibility  (MS)  monitoring 
to  detect  some  pollutants  and  their  sources  are  presented.During  1995  research 
cruise  two  legs  have  been  performed;  profiles  consisting  of  1-3  sampling  stations 
each  have  been  carried  out  along  the  Romanian  course  of  the  Danube  River, 
including  the  main  left  tributary  mouth  zones  and  the  distributaries.  The  highest 
susceptibility  values  (k  up  to  10,465xlO‘siu.)  were  shown  by  the  bottom 
sediments  sampled  in  the  monitoring  stations  on  the  River  course  between  Km 
1048.7  and  Km  1040.  The  Danube  sands  and  silts  have  usually  provided  k  values 
less  than  iOOOxlO'^SIu.,  even  less  than  SOOxIO’’SIu.  The  strong  MS  anomaly 
recorded  is  explained  by  the  influence  of  known  mining/industrial  activities  in 
the  above  mentioned  zone.  These  new  results  confirm  the  previous  data  obtained 
for  the  1992-1994  monitoring  phases.  The  contamination  of  bottom  sediments  (k 
values  up  to  3253xl0*SIu.)  as  result  of  a  large  industrial  activity  is  again 
indicated  in  the  upstream  zone  of  the  Danube  Delta  distributaries,  particularly 
downstream  of  Tulcea  (M34),  a  very  important  port-town.  Also,  the  .MS  data 
confirm  the  metallic  pollution  detected  for  some  Danube  left  tributaries.  As  a 
news,  two  cores  collected  during  the  1995  .MS  monitoring  from  the  Lake  Iron 
Gates  (at  Km  %9.5  and  Km  947.2,  respectively)  have  been  investigated,  showing 
similar  MS  patterns  (with  a  well  defined  anomalous  zone).  The  result  is  under 
consideration  for  the  following  geoecological  magnetomonitoring  phases. 


STANDARDIZATION  OF  MAGNETIC  SUSCEPTIBIUTY  MEA¬ 
SUREMENTS:  CALIBRATION  OF  LABORATORY  AND  FIELD 
INSTRUMENTS 

Robert  Scholger 

Institute  for  Geophysics,  University  of  Leoben,  Paleomagnetic  Laboratory, 
Gams  45.  A-8130  Frohnieiten,  Austria, 
robert .  scholgerOunileoben .  ac .  at 

•A  number  of  multidisziplinary  case  studies  have  been  carried  out  in  Austria 
to  establish  cost  efficient  magnetic  field-screening  methods  for  environmental 
monitoring  of  pollution  of  soils  and  sediments.  Laboratory  measurements  es¬ 
tablished  strong  correlations  of  low  field  magnetic  susceptibility  with  heavy 
metal  contents.  .At  the  same  time,  comparability  of  measurements  from  dif¬ 
ferent  instruments  and  sensors  for  laboratory  and  field-use  (Bartington  MS2, 
Exploranium  KT-9  and  Geofyzika  KLY-2)  has  been  investigated  on  selected 
sets  of  samples. 

Limited  depth  penetration  of  the  commercial  sensors  was  found  to  be  the  most 
significant  source  of  errors  for  magnetic  field-screening.  Results  from  the  cross- 
calibrations  of  susceptibility  measurements  for  different  instruments  will  be 
presented.  This  attempt  for  standardization  should  help  to  enable  a  direct 
comparison  of  the  results  from  case  studies  of  other  groups. 


CONTENT  OF  HEAVY  METALS  AND  MAGNETIC 
PROPERTIES  OF  SOILS  IN  KAZAN,  RUSSIA 

Ruslan  Rakhmatullin.  Natalia  Ravilova 
Kazan  State  University,  Kazan,  Russia 
geod(gpmkgu.kcn.ru/Fax:007-8432-320267 

Soil  samples  from  industrial  areas  of  Kazan,  Russia,  have 
been  investigated.  Magnetic  susceptibility  of  the  samples  has  been 
measured  by  the  KL-1  laboratory  equipment.  Thermomagnetic 
method  has  been  employed  in  determination  of  ferromagnetic 
minerals  and  Fe-VFe’*  ratio.  Magnetomineralogical 
investigations  consisted  of  coercive  spectra  study  and  differential 
thermomagnetic  analysis  that  was  used  for  studying  inductive 
magnetization  and  various  types  of  remnant  magnetization. 
Atomic  adsorption  analysis  has  been  used  to  determine  total 
content  of  iron  and  heavy  metals. 

This  research  revealed  relations  between  magnetic 
susceptibility  and  content  of  heavy  metals  for  some  kinds  of  soil. 
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MAGNETIC  SUSCEPTIBILITY  AND  LEAD  AND  ZINC 
CONCENTRATION  IN  FOREST  TOPSOIL  FROM  THE  BORDER 
RANGES  OF  POLAND,  SLOVAFO-A  AND  CZECH  REPUBLIK 

Z  SirCTszcz  and  T.  Magiera 

Institute  of  Environmental  Engineering  Polish  Academy  of  Sciences, 
ul.  M  Sklodowskiej-Curie  34, 41-819  Zabrze,  Poland. 
ipis®,usctouxl.cto.us.edii.pl./Fax:  +48-32-271-7470 

The  south  border  of  Poland  adjoining  Slovakia  and  Czech  Republic  is  1310  km 
long.  The  area  is  covered  mostly  by  mountain  forests.  Some  industrial  districts  are 
situated  along  the  both  sides  of  the  border.  Thanks  to  the  high  smoke-stocks  in 
large  plants  (mostly  power  plants)  many  dusts  and  aerosols  emissions  can  be 
transported  over  the  border.  In  every  Polish  superforestry  situated  near  the  border 
between  Bieszczadzki  National  Park  in  the  east  and  Sieniawka  in  the  west,  3-18 
soil  pits  have  been  e.xcovered  and  specific  magnetic  susceptibility  (y)  as  well  as  Pb 
and  Zn  concentration  have  been  measured.  On  the  base  of  these  datas  the  transect 
along  the  south  Polish  border  has  been  constructed.  The  magnetic  susceptibility  of 
forest  topsoil  increases  from  the  east  (40  .\10'®m’kg  '  in  Bieszczadzki  NP)  to  the 
west  (540  xl0*in’kg  '  near  Sieniawka)  with  a  maximum  in  Ustroh  and  Rybnik 
Superforestries  (800  xl0'*m’kg  ').  This  area  is  exposed  to  the  influx  of  pollution 
from  the  south  (Czech  industrial  area  near  Ostrava  and  from  the  north  (Upper 
Silesian  Industrial  Region).  In  the  Opava  Mountains  y  ranges  from  150  to  300 
xlo“nAg  '.  and  in  the  Karkonosze  Mountain  from  80  to  160  .xl0'“m\g  '  and 
increasses  towards  the  west.  The  concentration  of  Pb  and  Zn  exhibits  the  similar 
spatial  distribution  but  in  most  samples  Pb  concentration  is  higher  than  Zn.  The 
correlation  coefficients  between  %  and  investigated  heavy  metals  ranges  from  0.36 


EVIDENCE  FOR  ANTHROPOGENIC  INCREASE  IN  THE  FLUX 
OF  FERROMAGNETIC  MATERIAL  INTO  THE  CLEAR  LAKE 
BASIN,  NORTHERN  CALIFORNIA 

Danielle  Widemann,  Kenneth  L.  Verosub  and  Jeffrey  Mount 
DepL  of  Geology,  Univ.  of  Califomia-Davis 
verosub@geology.ucdavis.edu/  Fax:  1-530-752-0951 

Clear  Lake  in  northern  California  has  a  shallow  basin  and  high  rate  of 
sedimentation.  Preliminary  paleomagnetic  and  environmental  magnetic  data  from 
cores  from  one  of  the  three  sub-basins  of  the  lake  indicate  that  the  concentration  of 
ferromagnetic  material  in  the  uppermost  meter  of  sediment  is  mote  than  ten  times 
higher  than  deeper  in  the  cores.  Pb-210  dating  suggests  this  increases  coincides 
with  European  settlement  of  the  area,  an  event  that  was  accompanied  by  large-scale 
clearing  of  land  and  presumably  by  accelerated  erosion  of  soils  developed  on 
volcanic  rocks.  An  alternate  hypothesis  is  that  the  near  surface  concentration  of 
ferromagnetic  material  represents  the  natural  background  level  and  that  the  lower 
feiTomagnetic  concentration  seen  deeper  in  the  cores  is  due  to  bacterial  reduction  of 
iron  oxides.  Additional  mineral  magnetic  studies  as  well  as  comparisions  with 
cores  from  the  other  two  sub-basins  will  help  resolve  this  question. 


SE34  Rockmagnetism,  palaeomagnetism  and 
environmental  magnetism 

Convener.  Hoffmann,  V. 

06  Palaeomagnetism  and  tectonic  evolution 
of  the  Mediterranean  area 

Convener:  Pares,  J.M. 

Co-Convener:  Dinarfes-Turell,  J. 


MAGNETIC  MAPPING  OF  SOILS  IN  ALPINE  AREA 

R.S.  Zergenyi  (1),  A.M.  Hirt  (1),  L.  Land  (1),  \V.  Lowrie  (1)'  and  P. 

Liischer  (2) 

( 1 )  Institute  of  Geophysics,  ETH  Hdnggerberg,  CH-8093  Honggerberg,  Switzer¬ 
land,  (2)  Site  Science,  WSL,  CH-8903  Birmensdorf,  Switzerland. 

The  Swiss  Federal  Institute  for  Forest,  Snow  and  Landscape  has  established 
a  national  archive  of  topsoils  in  the  forested  areas  of  Switzerland.  Soil  sam¬ 
ples  were  taken  on  a  1  km  grid  and  consist  of  the  upper  5  to  10  cm  of  soil. 
The  samples  were  air  dried,  sieved  and  stored  in  plastic  containers.  A  selec¬ 
tion  of  samples  from  the  Cantons  of  Tessin,  Wallis  and  Graubiinden  (southern 
Switzerland)  were  used  to  survey  regional  differences  in  magnetic  properties. 
The  sample  area  covers  2000  km".  Different  magnetic  parametds  were  used 
to  map  magnetic  properties  over  the  sampled  area.  Magnetic  extracts  were 
made  to  identify  the  sources  of  the  magnetic  signal  and  different  chemical 
analyses  ate  also  available,  for  example  of  pH,  heavy  metal  content  and  total 
organic  content.  The  regional  distribution  of  the  magnetic  properties  depends 
on  different  sources  of  magnetic  minerals.  The  main  influence  on  the  magnetic 
behaviour  of  the  topsoil  is  pollution  on  a  local  scale.  High  values  of  mass  sus¬ 
ceptibility,  isothermal  remanent  magnetisation  intensity  and  coercivity  ratios 
(IRMisomr/lRMiooomT)  are  found  along  major  roadways  -  particularly  the 
Gotthard  route  -  industrial  areas  and  cities  in  general.  Soil-profiles  to  depths  of 
100  cm  have  been  sampled  in  different  locations  in  order  to  identify  the  lateral 
distribution  of  the  magnetic  and  chemical  properties. 


BLOCK  ROTATIONS  AND  CONTINENTAL  EXTENSION  IN  THE 
CENTRAL  AEGEAN  SEA  (TINOS  AND  MYKONOS  ISLANDS) 

Dov  Avigad(l),  Gidon  Baer(2)  and  A.  Heimann(2) 

(1) Institute  of  Earth  Sciences,  The  Hebrew  University,  Jemsalem  91904,  Israel 

(2)  Israel  Geological  Survey,  30  Malchei  Israel  St.,  Jerusalem,  Israel, 
avigad  @euclase.ens.fr 

We  investigated  post- 12  Ma  block  rotation  in  relation  to  extensional  deformation 
in  the  western  Cyclades.  On  Tinos,  the  palaeomagnetic  analyses  of  a  swarm  of 
NW-trending  dacitic  dikes  that  yield  K-Ar  ages  of  12  Ma  reveal  23'  vertical-axis 
clockwise  rotation.  We  assume  that  the  dikes  intruded  vertical  (as  they  are  today) 
and  that  no  tilt  correction  is  required.  The  absence  of  tilting  implies  that  post- 12 
Ma  crustal  thinning  in  the  area  of  Tinos  was  minor.  On  Mykonos,  a  low-angle 
normal  fault  dipping  30’  to  the  NE  separates  a  10  Ma  mylonitic  granite  in  the 
footwall  from  a  series  of  Miocene  molasse  sediments  in  the  hangingwall. 
Published  palaeomagnetic  results  revealed  a  considerable  amount  of  inclination 
flattening  and  22'  clockwise  rotation.  We  bring  structural  evidence  to  show  that 
tilting  predated  vertical-axis  rotation  and  we  re-calculate  24'  of  southward  tilt. 
Counter-tilting  leads  to  steepening  of  the  low  angle  normal  fault  to  an  original  dip 
of  ca.  54'.  Planar-rotational  fault  geometry  is  used  to  calculate  extension  of  ca. 
60%.  Our  results  indicate  significant  variations  in  the  magnitude  of  post- 12  Ma 
extension  across  the  Tinos  -  Mykonos  transect,  but  Moho  depth  changes  only 
slightly.  This  indicates  decoupling  between  upper  and  lower  crust  and  may  suggest 
flow  of  lower  crust  material  to  preserve  a  smooth  Moho.  We  calculate  that  vertical- 
axis  rotations  increased  the  N-S  dimension  of  the  Cyclades  by  ca.  3 1  %  (25  km). 
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MILANKOVITCH  PERIODICITIES  RECORDED  IN  AN 
UPPER  MIOCENE  SEQUENCE  FROM  CENTRAL 
APENNINES,  ITALY 

D.  Cosentino  (1),  P.  Cipollari  (1).  F.  Florindo 

(1)  Dipartimento  di  Scienze  Geologlche,  Universiti  degli  Studi  di  Roma 
Tre,  Rome,  Italy,  (2)  Istituto  Nazionale  di  Geofisica,  Rome,  Italy,  e-mail: 
florindo  @  nettuno,ingrm.it/Fax:+39-6-504 1181 

An  integrated  magneto-biostratigraphic  study,  aiming  to  define  the 
position  of  the  Tortonian-Messinian  boundary,  was  recently  undertaken 
on  a  marine  terrigenous  sequence  rich  in  planktonic  forams  and 
calcareous  nannofossils  from  the  central  Apennines  (Italy),  close  to 
Pietrasecca  village.  The  proposed  correlation  with  the  GPTS,  relies  with 
the  occurrence  of  the  T-M  boundary  in  the  uppermost  part  of  the 
C3Br.2r  polarity  Chron,  with  an  age  of  7.18  Ma.  Other  correlations  gave 
rise  to  unreliable  estimates  of  the  sedimentation  rate.  The  investigated 
interval  (30  m  thick)  shows  a  marked  ciclicity  of  both  the  initial  low-field 
magnetic  susceptibility  (k)  and  the  natural  remanent  magnetization 
(NRM)  intensity.  Power  spectra  analysis  has  been  then  applied  on  the  (k) 
data  in  order  to  determine  the  presence  of  periodicities  in  the  record 
related  to  the  influence  of  orbital  forcing  cycles.  About  22  m  of  the 
previously  investigated  sequence  was  resampled  by  drilling  75  cores  at  30 
cm  intervals.  By  means  of  spectral  analyses  we  analyzed  the  spectrum  of 
(k)  signal  for  a  stratigraphic  interval  14.10  m  thick  including  the  (T-M) 
boundary.  Spectral  analysis  of  the  susceptibility  data  reveals  a  dominant 
cyclicity  around  19  ka. 


TIMING  OF  NEOGENE  TECTONIC  EVENTS  IN  THE  CENTRAL 
MEDITERRANEAN:  AN  INTEGRATED  PALEOMAGNETIC  STUDY 

Duenneiier.  C.E.  and  C.G.  Langereis 

Utrecht  University,  Faculty  of  Earth  Sciences,  Paleomagnetic  Laboratory  Fort 
Hoofddijk',  Burlapestlaan  17,  3584  CD  Utrecht,  The  Netherlands, 

ducrmeij@geof.ruu.nI,  tel.  +31.30.2535418,  fax.  +31.30.2535030 

The  Centtal  Mediterranean  area  plays  a  key  role  in  the  interpretation  of  the 
geodynamics  of  the  convergence  zone  tetween  Africa  and  Eurasia.  The  evolution  of 
the  Tyrrhenian  Arc  and  Hellenic  Arc  is  primarily  controlled  by  this  convergence. 
Hence,  the  understanding  of  the  tectonic  framework  of  the  arc  aids  in  deciphering 
the  underlying  geodynamical  proces,ses. 

Our  paleomagnetic  studies  show  that  considerable  neotectonic  rotations  took  place. 
The  sense  of  rotations  (counter-clockwise  or  clockwise)  are  limited  to  specific 
domains.  With  the  aid  of  high-resolution  magnetostratigraphy,  biostratigraphy  and 
astronomically  calibrated  polarity  time  scales  we  unravelled  a  precise  chronology  of 
tectonic  rotations  in  these  domains.  Furthermore,  we  found  that  tectonic  rotations 
appear  to  be  sudden  events,  which  .suggests  that  the  responsible  gerxiynamic 
processes  also  occur  abruptly.  For  the  Hellenic  Arc.  we  found  counter-ckKkwise 
rotations  on  Crete  with  a  Messinian  age.  Moreover,  our  results  show  that  die  Ionian 
Island  (Zakinthos)  started  to  rouite  around  1  Ma,  after  a  period  of  no  rotations  of  at 
leiust  10  Ma.  A  similar  rapid  rotation  phase  was  recognised  in  southern  Italy  (at  I- 
0.8  Ma),  indicating  that  this  tectonic  phase  is  caused  by  the  .same  tectonic  event 
most  likely  related  to  proces,se.s  involving  the  Apulian  platform. 


PALEOMAGNETISM  OF  JURASSIC  SEDIMENTS  FROM  THE 
FORE-BALKAN  AND  THE  STARA  PLANINA  RANGES  (NW 
BULGARIA) 

Herbert  Haubold  and  Hermann  J.  Mauritsch 

Paleomagnetic  Laboratory  ‘Gams’,  Gams  45,  A-8130  Frohnleiten,  Austria, 
herbert . hauboldCunileoben . ac . at 

The  Fore-Balkan  and  Stara  Planina  ranges  form  the  transition  between  the 
northernmost  part  of  the  Aegean  extensional  system  (Srednogoria)  and  the 
margin  of  the  Moesian  continent.  Samples  were  collected  from  21  sites  of  Juras¬ 
sic  carbonates  and  clastic  sediments  from  various  structures  of  different  ages 
throughout  a  large  area.  The  site  mean  magnetization  directions  of  the  entire 
region  group  well  after  tilt  correction  is  applied  (095:  8.2’),  whereas  dispersion 
is  considerably  larger  before  tilt  correction.  The  uniformity  of  this  magnetiza¬ 
tion  suggests  a  pervasive  remagnetization  Just  before  the  last  major  phase  of 
tectonism,  i.e.  the  neotectonic  extensional  events  that  caused  the  uplift  and 
faulting  of  the  Stara  Planina  range.  The  observed  area  mean  magnetization 
direction  (dec/inc:  18758",  cf.  Oligocene  expected  direction:  ir/.59’)  likely 
reflects  the  thermal  events  associated  with  the  active  continental  margin  be¬ 
tween  the  African  and  Eurasian  continents  during  Oligocene  time.  Other  than 
in  the  entire  .Aegean  region  including  southern  Bulgaria,  inclination  values  are 
not  anomalously  shallow.  .Apparently,  this  transitional  area  underwent  a  neo¬ 
tectonic  history  different  from  that  of  the  Aegean  extensional  system  to  its 
south. 


CORRELATION  OF  HIGH-RESOLUTION  MAGNETOSTRATIGRAPHIC 
AND  MICROP.ALAEONTOLOGICAL  DATA  ACROSS  THE  J/C 
BOLND.ARY  STRATA  IN  BRODNO  (W.  CARPATHIANS,  W.  SLOVAKIA) 
AND  THE  BOSSO  VALLEY  (UMBRIA,  CENTRAL  ITALY) 

V.HouSa  (1),  M.  Krs  (1).  P.  Pruner  (1),  O.  Man  (1),  D.  Venhodovd  (1),  F.Cecca  (2), 
G.  Nardi  (3)  and  M.  Piscitello  (3) 

(1)  Geol.  Inst.  Acad.  Sci..  Prague  6  -  Lysolaje.  Czech  R.,  Fax:  +420-2-243 1 1578, 

(2)  Universita  di  Urbino.  Italy,  (3)  Dip.  Sci.  d.  Terra,  Universita  di  Napoli,  Italy 

As  it  has  been  reported  during  the  EGS  XXII  General  Assembly  in  Vienna  in  1997 
(cf.  Annales  Geophysicae,  Part  I.  Suppl.  I  to  Vol.  15,  page  C  108).  high-resolution 
(HR)  magnetostratigraphic  and  micropalaeontological  investigations  across  the 
JurassictCretaceous  (J/C)  boundary  strata  at  Brodno  have  been  almost  completed. 
Additional  sampling  in  1997  and  newly  proposed  procedure  of  evaluating  HR 
magnetostratigraphic  data  contributed  to  a  more  precise  definition  of  two  reverse 
subzones  located  in  the  normal  magnetozones  M20  and  Ml 9.  these  two  subzones 
were  proposed  to  be  named  as  "Brodno"  and  "Kysuca".  A  section  of  Maiolica 
pelagic  limestones  in  the  Bosso  Valley  originally  studied  by  Lowrie  and  Channell 
in  1983  was  resampled  in  1996.  1997;  measured  data  were  evaluated  for  HR 
magnetostratigraphy  and  micropalaeontology  across  the  broader  section  of  the  J/C 
boundary  strata.  Two  reverse  subzones  were  found  in  the  normal  magnetozones 
M20  and  M19  in  identical  positions  as  in  the  Brodno  profile.  Detailed 
palaeontological  zonation  based  on  calpionellids  was  established  in  relation  to  the 
magnetozones  and  subzones  for  both  the  profiles.  An  improved  procedure  of 
evaluating  HR  magnetostratigraphic  data  will  be  presented  on  the  poster. 


NEW  PALEOMAGNETIC  DATA  FROM  SILURIAN  SUCCESSION  OF  THE 
DNIESTR  BASIN,  UKRAINA 

M.  Jelehska  (I),  V.  Bahmutov  (2)  and  L.  Konstantinenko  (3) 

(1)  Institute  of  Geophysics  P.A.Sc.,  Warsaw,  Poland,  bogna@igf  edu.pl/Fax:+48  22 
69 1 5  9 1 5,  (2)  Institute  of  Geophysics  Ukr.Ac.Sc.,  Ukraina,  (3)  Institute  of  Geology 
Ukr.Ac.Sc.,  Ukraina 

The  Silurian  deposits  from  the  Dniestr  Basin  form  one  of  the  most  complete  sections 
in  the  world.  44  stratigraphic  levels  were  sampled  for  paleomagnetic  purpose  in  8  main 
outcrops  along  the  Dniestr  river.  Sampled  rocks  consist  of  limestones  and  dolomites. 
Samples  were  submined  to  standard  stepwise  thermal  and  alternating  field 
demagnetization.  Two  characteristic  components  were  determined  by  principal 
component  analysis  of  thermal  demagnetization  trajectory.  One  component  of  steep, 
northerly  direction  was  unblocked  at  temperature  0(200-250“  C.  Second  component  of 
shallow  southemly  direction  was  unblocked  at  temperature  450-470“  C.  In  about  half 
samples,  third  component  of  intermediate  or  high  coercivity  was  found- by  analysing 
alternating  field  demagnetization  data.  Thermomagnetic  analysis  revealed  magnetite  as 
a  magnetic  carrier  of  all  components.  In  the  upper  part  of  the  section  the  presence  of 
siderite  as  the  potential  source  of  magnetite  was  suggested.  Mean  directions  obtained 
for  these  components  are:  1=73°,  D=338“  (o=2.3“);  1=  -19“,  D=203“(o=2.0“);  and  1=31“, 
D=2 15”(a=3.2“).  Two  first  directions  suggest  that  the  rocks  were  remagnetized  recently 
and  in  Carboniferous  time.  Third  direction  gives  pole  position  35 1“  E  and  - 1 8  °S,  close 
to  the  Silurian  pole  position  for  Baltica. 


REMAGNETISATION  AND  TECTONIC  ANALYSES  ON 
CEVENNES  FAULT 

F.  Kechra',  D.  Vandamme',  P.  Rochette',  P.  Choukroune' 

'CEREGE,  BP  80,  13545  Aix  en  Provence  Cedex  4,  France 

In  paleomagnetism  applied  to  tectonics,  it  is  generally  essential  to 
find  the  primary  magnetisation  in  the  aim  to  interpret  its  deviations  as 
bloc  rotations.  Howrever,  our  paleomagnetic  study  of  deformation 
along  Cevennes  fault  has  showed  a  syntectonic  remagnetisation  phase 
which  has  recorded  80%  of  the  finished  deformation.  The 
comparaison  of  the  remagnetisation  pole  with  apparent  polar  wander 
path  permits  to  locate  this  remagnetisation  during  Eocene  or 
Oligoedne,  but  tectonic  structures  are  consistent  with  remagnetisation 
at  Eocene.  This  tectonic  interpretation  implies  an  heterogeneous 
magnetic  behaviour  related  to  deformation. 
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GEODYNAMIC  EVOLUTION  OF  PERMIAN  TO  NEOGENE  ROCK 
FORMATIONS  IN  THE  W.  CARPATHIANS  BASED  ON  SUMMARY  OF 
PREVIOUSLY  AND  RECENTLY  DERIVED  PALAEOMAGNETIC  DATA 


PRELIMINARY  PALEOMAGNETIC  RESULTS  ON  THE  NEOGENE 
VOLCANISM  OF  AFYON  REGION  (CENTRAL  ANATOLIA) 


M.  Krs,  M.  KrsovS,  P.  Praner,  0.  Man  and  D.  Venhodova 

Geol.  Inst.  Acad.  Sci.,  Prague  6  -  Lysolaje,  Czech  Republic,  Fa.x:  +420-2-24311578 

This  study  is  devoted  to  a  detailed  analysis  of  previously  derived  palaeomagnetic 
data  from  the  Permian  to  the  Neogene  covering  the  whole  territoiy  of  the  Western 
Carpathians  and  of  data  recently  derived  from  the  E.  Jurassic  to  E.  Cretaceous 
rocks  of  three  tectonic  units  within  the  Inner  Carpathians.  As  repotted  previously  in 
several  papers,  the  palaeomagnetic  data  indicate  marited,  predominantly 
anticlockwise  palaeotectonic  rotations  of  targe  rock  complexes,  nappes  and  nappe 
systems.  To  judge  the  possibility  of  palaeotectonic  rotations  within  smaller  areas, 
virtual  pole  positions  were  derived  from  previously  as  well  as  recently  derived  site 
means  of  palaeomagnetic  directions.  Distribution  of  all  these  recalculated  and 
newly  derived  (virtual)  pole  positions  also  suggests  significant  small-scale 
palaeotectonic  rotations.  Dating  of  previously  studied  rock  formations  was  recently 
improved,  so  that  a  more  precise  dependence  of  palaeodeclination. 
palaeoinclination  and  palaeoiatitude  values  of  Permian  to  Neogene  rock  formations 
could  be  derived  for  the  Western  Carpathians.  Variations  in  palaeolatitudinal  drift 
from  the  Permian  to  the  Neogene  for  the  Western  Carpathians  are  similar  to  those 
established  for  other  regions  in  the  Tethyan  realm  (in  accordance  with  results 
summarized  by  Van  der  Voo  in  1993).  However,  a  detailed  analysis  of  distribution 
of  virtual  pole  positions  shotvs  some  new  aspects  of  interpretation  of  the  origin  of 
palaeotectonic  rotations  within  the  Alpine  tectonic  belt. 


A  PUZZLING  PIECE  OF  THE  PANNONIAN  PUZZLE:  TERTIARY 
PALEOMAGNETIC  RESULTS  FROM  THE  W  PART  OF  THE 
TISZA-DACIA  MEGAUNIT 

E.  Marton  (1),  P.  Marton  (2)  and  J.  Pamic  (3) 

(1)  ELGI  Paleomagnetic  Laboratory,  Columbus  u.  17-23,  H-1 145  Budapest, 
Hungary,  (2)  ELTE  Geophysical  Department,  Ludovika  ter  2,  H-1083, 
Hungary,  (3)  Croatian  Academy  of  Sciences  and  Arts,  Ante  KovaCica  5, 
HR-10000  Zagreb,  Croatia 

Cretaceous  paleomagnetic  declinations  from  the  western  as  well  as  the 
eastern  parts  of  the  Tisza-Dacia  unit  (including  the  South  Carpathians)  are 
remarkably  uniform,  suggesting  that  the  unit  must  have  been  involved  in  a 
post-Cretaceous  large-angle  clockwise  rotation. 

However,  Tertiary  paleomagnetic  results  from  the  Mecsek  (Hungary)  and 
the  Slavonian  Mts.  (Croatia)  complicate  the  picture.  In  the  Mecsek,  Miocene 
ignimbrites,  bordering  the  main  Mesozoic-Paleozoic  body  in  the  north-west, 
exhibit  about  60°  counterclockwise  rotation.  Similarly,  counterclockwise 
rotations  were  measured  in  Miocene  sedimentary  rocks  and  at  an  igneous 
site  from  the  Slavonian  Mts.  In  the  main  body  of  the  Mecsek,  which  is  the 
source  area  of  the  clockwise  rotated  Cretaceous  directions,  the  Tertiaiy 
rocks,  up  to  6  Ma  in  age,  exhibit  large  clockwise  rotations. 

The  regional  distribution  of  the  observations  with  differential  rotation 
suggests  that  the  northern  boundary  of  the  rigid  Tisza-Dacia  unit  cannot 
coincide  with  the  Mid-Hungarian  Mobile  Zone;  we  tentatively  suggest  that 
the  clockwise  rotated  area  may  be  a  thrust  of  about  5  Ma  in  age  onto  a 
previously  counterclockwise  rotated  region. 


PALEOMAGNETISM  IN  THE  NORTHERN  APENNINES.  ITALY 
G.  Muttoni  (I).  L.  Lanci  (1).  A.  Argnani  (2).  N.  Abraliamsen  (3).  I'.Cibin  <4). 
A.M.  Hirl  (1)  and  \V.  Lowrie  (1) 

(1)  Institute  of  Geophysics,  ETH  Zurich.  (2)  Isiituto  di  Geologia  Marina.  CNR 
Bologna.  (3)  Dept,  of  Earth  Sciences.  Aarhus  University,  (4)  Regione  Emilia- 
Romagna.  Bologna. 

A  new  collection  of  Late  Miocene  sediments  from  the  Northern  Apennines 
(.\.\}  ha-s  been  evaluated  with  regard  to  evaluating  whether  rotations  of  units 
ill  this  region  are  related  to  opening  of  the  Tyrrhenian  sea  or  to  the  separation 
of  Corsica/Sardinia  (C.S)  from  southern  France.  The  .African  affinity  of  pale- 
omagnetir  data  from  the  para-autochthonous  regions  of  .Adria  since  Permian 
times  appears  to  be  well  established.  In  contrast,  large-scale  thrust-related  ro¬ 
tations  with  respect  to  .Adria/.Africa  i.AA)  occurred  throughout  the  Apennines 
during  the  Cenozoic.  Deformation  in  the  .Apennines  is  coeval  with  (i)  the  open¬ 
ing  of  the  Balearic  sea  and  the  related  c.c.w.  motion  of  CS  dtiring  the  Early 
Miocene,  and  (ii)  the  subsequent  opening  of  the  Tyhrreniah  sea  in  the  Late 
Miocene  and  Pliocene.  Recent  results  suggest  that  at  the  time  of  the  open¬ 
ing  of  the  Tyhrrenian  sea.  tectonic  rotations  in  the  N.A  occurred  only  at  the 
thrust  front  and  far  away  from  the  iion-rotated  Northern  Tyhrrenian  extr'ii- 
sional  margin.  Therefore,  a.s  the  opening  of  the  .Northern  Tyhrrenian  sea  itself 
wa.s  non-rotafional,  thrust  sheet  rotations  must  be  explained  by  a  differ+nt 
mechanism  that  acted  only  at  the  thrust  front.  On  the  other  hand,  it  ha.s  been 
proposed  recently  that  the  opening  of  the  Balearic  sea  might  have  induced  ro¬ 
tations  in  large  portions  of  the  .Apennine  belt.  The  N.A  constitute  a  key  region 
for  le.sting  this  hypothesis  because  of  the  widespread  occurrence  of  sediments 
(l-'piligiirian  units)  deposited  before  the  relative  motion  between  CS  and  .A.A. 
Wh+Hi  CS  moved  c.c.w.  off  the  coast  of  France,  these  sediments  were  presum¬ 
ably  "pushed  '  ea.stward  and  rotated  c.c.w.  above  a  main  boundary  thrust  onto 
the  A.A  margin.  The  new  sample  collection  allows  us  to  test  the  validity  of 
this  hypothesis  by  allowing  us  to  verify  if  the  end  of  the  "Balearu"  rotation 
predate-s  ilie  onset  of  the  "Tylirrenian-coeval"  rotation  observetl  at  the  chain 
front. 


F  Ozeep  and  N  Orbay,  (Division  of  Barth’s  Physics,  Department  of  Geophysical 
Engineering,  Istanbul  University,  Avcilar  34850,  Istanbul,Turkey) 

In  this  study,  it  was  investigated  how  is  tectonic  behavior  in  the  Aiyon  Region 
between  West  and  Central  Anatolia  by  the  paleomagnetic  techniques.  For  this  aim, 
the  oriented  volcanic  rock  samples  from  investigation  region  of  Afyon  area  which 
this  region  is  between  Central  and  western  Anatolia  were  collected.  The  volcanic 
activity  developed  in  Anatolia  (Turkey)  during  Neogene  and  Quaternary  time 
represents  one  of  the  most  understanding  examples  of  arc  volcanism  related  to 
continental  collision.  The  Neogene  and  Quatematy  volcanism  of  Central  Anatolia 
represents  the  central  sector  of  the  Anatolian  Volcanic  Arc  related  to  continental 
collision  between  Afro-Arabian  and  Eurasian  plates.  It  is  closely  associated  with  a 
complex  system  of  tectonic  depression  related  to  brittle  deformation  type  which 
commenced  in  the  late  Miocene.  General  distribution  of  magnetization  directions 
determined  from  Cretaceous  paleomagnetic  data  for  the  Mediterranean  plates  has 
been  compared  on  the  paleoisocline  map  that  was  derived  from  African  and 
Europeans  mean  Cretaceous  pole  positions.  Apart  from  this,  the  polar  wandering 
curve  of  paleomagnetic  data  in  Turkey  from  Permian  to  Quaternary  has  also  been 
compared  with  the  African  and  European  polar  wandering  curves.  Comparing  the 
polar  wandering  curves  obtained  from  Turkey  and  African  paleomagnetic  data  show 
that  the  Turkish  plate  has  moved  with  African  plate  in  a  sense  that  the  rotation  rate 
decreasing  from  Permian  up  to  present  day.  This  study  is  a  part  of  Ph.D.  study  of 
the  first  author  and  is  supported  by  the  Research  Fund  of  the  University  of  Istanbul 
(Project  No:  T-122/241095 


Oblique  thrust  ramps  and  spurious  apparent  rotations  on  paleomagnetic  analysis 

Pueyo-Morer,  E.L.(1,2);  Pares,  J.M.  (2);  Millan-Garrido,  H.  (1);  Pocovi-Juan.  A.(l) 

1  Structural  Geology,  Dpt.  Earth  Sciences,  Univ.  de  Zaragoza  Z-50009,  Spain 

2  Paleomagnetic  Lab.  ICT  "Jaume  Almera"  CSIC  Barcelona,  B-08028,  Spain 

A  Spurious  apparent  rotation  (SAR)  is  the  deviation  of  the  paleomagnetic  vector  (any 
linear  data)  obtained  after  the  simple  bedding  correction  when  the  different  tiltings  of 
the  rocks  took  place  using  axis  which  are  not  the  bedding  strike.  The  detection  and 
filtering  of  SAR  is  an  important  task  that  should  be  considered  to  avoid  incorrect  use 
and  interpretation  of  paleomagnetic  data  in  deformed  areas.  An  oblique  ramp  of  a 
thrust  system  may  imply  a  regional  rotation  (vertical  axis  rotation)  in  the  surrounding 
areas  due  to  the  differences  of  shortening  between  the  frontal  and  the  oblique  ramps. 
However  a  deflection  (SAR)  associated  with  these  struenires  could  exist  depending  on 
the  architecture  of  the  thnjst  system.  We  analyse  the  effect  of  the  thrust  geometry  on 
the  paleomagnetic  directions  taking  into  account:  a)  the  angle  of  the  cut  off  of  the 
footwall.  and  b)  the  angle  between  the  frontal  and  oblique  tamps.  The  modelling  has 
been  made  for  the  cases  in  which  the  intersection  of  both  ramps  (frontal  and  oblique) 
is  parallel  to  the  transport  direction  of  the  thrust  When  any  of  the  angles  is  0  the 
apparent  rotation  is  also  0.  However  if  the  former  angle  (cut  off  angle)  differs  from  0 
there  will  be  an  apparent  rotation  of  the  sites  located  at  the  hangingwall  of  the  oblique 
ramp.  The  apparent  rotation  will  depend  on  the  two  variables  (a  &  b).  We  present  an 
example  from  the  Southern  Pyrenees  in  which  the  apparent  rotations  found  in  the 
oblique  ramps  of  the  frontal  system  spread  from  -18  to  +  1 1.  The  firnction  that  relates 
the  three  variables  (spurious  apparent  rotation,  cut  off  angle  and  frontal-oblique  ramp 
angle)  may  be  used  to  calculate  either  of  them  from  the  two  others.  We  may  calculate 
transport  directions,  cut  off  angles  or  deduce  oblique  ramps. 


TERTIARY  ROTATION  OF  THE  CORSICA-SARDINIA  BLOCK  :  NEW 
RESULTS  FROM  SOUTHERN  CORSICA  VOLCANICS 

P.  Rochettc  fl) ,  M.  Girard  and  M.  Spella  (2) 

(1)  CEREGE,  University  of  Aix-Marseille  III  -  B.P.  80  -  13  545  Aix  en 
Provence  Cedex  04  -  France)  rochette®cerege.fr 

(2)  CEVAREN  University  of  Corte  France 

A  paleomagnetic  and  magnetic  fabric  study  have  been 
undertaken  in  three  outcrops  of  Miocene  ignimbritic  tuffs  in  Southern 
Corsica.  These  discrete  volcanic  remains  (dated  by  K/Ar  at  19  Ma) 
constitute  a  previously  unknown  northern  prolongation  of  the  Sardinian 
volcanic  province.  Good  quality  ChRM  are  retrieved  from  thermal 
demagnetizations.  Declination  values  do  not  evidence  any  decoupling 
between  Corsica  and  Sardinia,  and  record  the  end  of  the  anticlockwise 
Tertiary  rotation  scheme  for  Sardinia :  17  ±  6  over  a  total  of  35  degrees. 
Magnetic  anisotropy  can  be  used  to  locate  the  magma  sources  but  low 
nurnber  of  outcrops  and  complex  lineation  patterns  are  strong 
limitations. 
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PALEOMAGNETIC  TEST  FOR  CONTINUOUS  CRUSTAL 
DEFORMATION  ACROSS  THE  SOUTHERN  DEAD  SEA 
TRANSFORM 

Hayai  Ron  and  Gadi  Shamir,  The  Geophysical  Institute  of  Israel,  Holon  Israel 
hagai@iprg.energy.gov.iI  /  Fax:  972-3-5502925 

Theoretical  models  of  crustal  deformation  predict  that  distributed  power  law 
deformation  across  transform  plate  boundaries  are  expressed  as  (i)  counter-clockwise 
or  clockwise  rotation  across  sinistral  or  dextral  faults,  respectively,  and  (ii) 
diminishing  rotation  away  from  the  boundary  zone  as  a  function  of  fault  length, 
fault  offset  and  crustal  rheology.  To  test  this  hypothesis,  we  measured  the 
paleomagnetic  vectors  of  373  samples  from  54  sites  along  a  50  km  belt  westward 
from  the  central  Dead  Sea  Transform  (DST),  where  the  southern  limb  of  the  Syrian 
Arc  fold  belt  reaches  the  DST.  Fold  axes  in  this  belt  indeed  change  their  strike 
continuously  away  from  the  DST,  from  NNE  at  the  plate  boundary  to  ENE  at  the 
western  extremes  of  the  Syrian  Arc  fold  belt.  The  sampled  rocks  are  of  Lower 
Cretaceous  volcanics.  Upper  Cretaceous  limestones  and  Middle  Miocene  combustion 
metamorphic.  The  results  did  not  detect  any  signiflcant  rotation  about  vertical  axes, 
and  therefore  they  do  not  support  the  theoretical  predictions,  although  drag  in  a 
narrow  strip  along  the  fault  cannot  be  ruled  out  The  paleomagnetic  data,  therefore, 
suggest  that  the  orientation  of  fold  axes  of  the  Syrian  Arc  are  original  and  not  the 
result  of  rotation  about  vertical  axes  as  means  of  continuous  crastal  defoimation. 


TECTONIC  HISTORY  OF  THE  DOLERITES  FROM  THE  REGG.A.\E 
BASIN  (ALGERIA)  AS  EVIDENCED  BY  THE  PALEOMAGNETIS.VI 

B.  Smith  (I),  B.  Bayou  (2),  M.  Derder  El  Messaoud  (2).  B.  Henry  (3),  A.  Yelles- 
Chaouche  (2),  H.  Djellit  (2) 

(1)  Laboratoire  de  Geophysique  et  Tectonique,  Universite  de  Monqiellier  2.  case 
060,  34095  Montpellier  Cedex  5.  France,  (2)  C.R.A.A.G.  BP  63  Bouzareah  16340 
Alger,  Algeria.  (3)  Laboratoire  de  Geomagn6tisme,  I.P.G..  4  Avenue  de  Neptune 
94107  St-Maur  des  Foss6s  Cedex 

The  doleritic  basalts  which  outcrop  in  the  folded  Paleozoic  Series  of  the  Reggane 
Bassin  are  generally  interpreted  as  the  result  of  a  volcanism  having  acted  during  the 
first  stages  of  the  opening  of  the  Atlantic  ocean  in  the  lower  Jurassic.  These 
Dolerites  constitute  either  thin  units  interlayered  within  the  upper  Paleozoic  strata, 
or  dikes  cross-cutting  the  whole  Paleozoic  series.  A  paleomagnetic  study  of  these 
Dolerites  was  undertaken  to  clarify  the  following  questions  :  Are  the  folded  units 
basaltic  flows  erupted  during  the  upper  Paleozoic  or  sills  intruded  in  the  tower 
Jurassic  within  the  Paleozoic  ?  When  did  the  two  phases  of  deformation  occur 
relative  to  the  acquisition  of  the  magnetization  ?  The  mean  characteristic 
magnetization  obtained  after  AF  and  thermal  cleaning  of  92  samples  out  of  1 1  sites 
(D=330°  I=28“)  and  corresponding  PGV  ;  ),=60°N  (p=254  A95=7)  is  consistent  with 
a  Jurassic  age,  supporting  the  hypothesis  of  intrusive  bodies.  A  progressive 
unfolding  of  the  sites  allows  to  quantify  the  following  scenario  :  the  Dolerites  were 
intruded  in  a  Series  which  had  been  already  gently  tilted  in  the  late  Paleozoic  :  (he 
folding  increased  after  the  Dolerite  emplacement  and  prior  to  the  Cretaceous. 
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Convener:  Fassbinder,  J. 
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Convener:  Schmidt,  A. 

Co-Convener:  Fassbinder,  J. 


STRUCTURAL  AND  PALEOMAGNETIC  DATA  FROM  THE 
AMANTEA  BASIN  (CALABRIA,  ITALY):  INSIGHTS  ON  THE 
GEOMETRY  OF  THE  LATE  MIOCENE  TYRRHENIAN  RIFT 

F.  Speran7a(l.  2),  M.  Mattei  (1)  and  L.  Sagnotti  (2) 

(1)  Dipartimento  di  Scienze  Geologiche,  University  di  Roma  Tre,  Rome,  Italy 

(2)  Istituto  Nazionale  di  Geofisica,  Rome,  Italy 
speranza@marte.ingrm.il 

We  report  on  new  structural,  magnetic  anisotropy,  and  paleomagnetic  data  obtained 
in  the  Amantea  basin,  located  in  the  Tyrrhenian  exiensional  margin  of  the  Calabrian 
Arc.  The  basin  is  formed  by  a  Tortonian-Messinian  sequence  which  is  transgressive 
over  the  Alpine  Calabrian  units.  Microstructural  analyses  extensively  carried  out  in 
the  Neogene  sediments  show  that  the  onset  of  the  clastic  sequence  was  accompanied 
by  strong  synsedimentary  tectonics.  Due  to  this  late  Miocene  activity,  the  basin  was 
cut  by  NNE-SSW  normal  faults  which  define  a  NI20®  direction  of  extension. 
Anisotropy  of  Magnetic  Susceptibility  analyses  carried  out  in  13  different  sites  show 
a  well  defined  magnetic  foliation  parallel  to  the  local  bedding  planes  and  a  distinct 
magnetic  lineation  trending  N115°  in  average.  This  lineation  reflects  the  stretching 
direction  responsible  for  the  foundering  of  the  basin  and  the  synsedimentary 
tectonics.  Faleomagnetism  of  the  13  sites  shows  that  Messinian  clays  are  dominated 
by  greigite  and/or  magnetite,  while  the  Torlonian  sediments  are  characterized  by  an 
association  of  magnetite  and  hematite.  Reliable  site-mean  directions  from  8  sites 
pass  both  a  reversal  and  fold  lest.  These  directions  document  that  the  Amantea  basin 
has  undergone  about  18®  clockwise  rotation.  This  implies  that  the  late  Tortonian 
Tyrrhenian  rift  basin,  to  date  partly  preserved  in  the  Amantea  basin,  was  bounded  and 
controlled  by  roughly  N-S  normal  faults.  We  conclude  that  the  early  E-W  spreading 
of  the  Tyrrhenian  Sea  took  place  as  a  consequence  of  the  eastward  Calabrian  drift. 


PRELIMINARY  RESULTS  OF  THE  PALAEOMAGNETIC  STUDY  OF  A 
NAMURUN  FORMATION  FROM  THE  AHNET  BASIN  (SAHARAN 
CRATON,  ALCERU). 

A.Yellesfn.  M.  Derder  (I),  B.  Smith  (2),  B.  Bayou  (1),  B.  Hemy  (3),  H.  Djellit  (1). 
(I)  C.R.A.A.G.  B.P.  63  Bouzareah  16340  Alger  (Algeria);  (2)  L.G.T  University  de 
Montpellier  II,  Place  Eugene  Bataillon,  34095  Montpellier  cedex  05  France; 

(3)  I.P.G.P. ,  4  Avenue  de  Neptune  94107  Saint  Maur  des  Fosses  France. 

In  the  AFn  Chebbi  area  (Ahnet  Basin.  Algeria),  a  recent  palaeomagnetic  sampling 
has  been  carried  out  in  the  different  levels  of  the  Namurian  formation.  Although,  the 
analysis  is  still  in  progress,  its  preliminary  results  show  (in  addition  of  a  total  recent 
remagnetization)  the  existence,  of  two  components.  The  first  one  (D*  325.0  I*  23.9 
k*72  Oii-  9.1;in  stratigraphic  coordinates)  is  very  close  to  that  determined  in  the 
Jurassic  doleritic  sills  (Smith  et  al,  in  preparation),  which  outcrop  in  the  studied  area. 
Its  corresponding  V.G.P.(53.4  S.  74.2  E)  ts  in  good  agreement  with  the  african 
previous  ones  of  Jurassic  age.  this  component  is  then  a  probably  Jurassic 
remagnetization.  The  second  one  determined  by  both  remagnetization  circles 
analysis  and  Characteristic  Remanent  Magnetization  (ChRM),  has  the  following 
direction  (in  stratigraphic  coordinates):  D=  140.0  1=  26.6  k=  51  (x»5=  7.9  .  Its 
corresponding  V.G.P.  (  33.8  S,  49.0  E)  is  close  to  the  previous  upper  carboniferous 
african  poles  determined  in  the  neighbouring  areas.  This  component  is  then  probably 
of  primary  origin.  Further  analysis  will  allow  to  precise  these  new  results  and  would 
certainly  improve  the  Upper  Paleozic  part  of  the  African  Apparent  Polar  Wander 
Path. 


COMBINED  GPR  AND  SEISMIC  INVESTIGATIONS  IN  URBAN  AREA 
(LECCE  -  ITALY). 

Basile*  V.,  Carrozzo*  M.T.,  Negri*  S.,  Nuzzo*  L.,  Quarta*  T.,  Villani*  A.V. 

*  Dipartimento  di  Scienza  del  materiali  m  (Universitatdi  Lecce-  ITALIA)  E-mail: 
bas1le@Axpmat.unile.it 

Integrated  geophysical  investigations,  electromagnetic  (GPR)  and  seismic  (refraction 
method),  were  carried  out  in  urban  area  to  locate  and  reconstruct  buried  archaeological 
structures.  A  GSSI  SIR-2  radar  unit  with  monostatic  100  MHz  and  500  MHz  antennas 
collected  radar  data  in  a  grid  covering  just  a  little  less  than  one  hectare  of  ground 
surface;  a  Geometries  Strataview  Seismograph  (12-channel)  was  used  for  the  seismic 
survey.  The  interpretation  of  data  gave  a  global  geological  characterization  of  the  area 
and  the  geophysical  study  provided  informations  about  the  location  and  extension  of 
some  buried  structures.  Post-excavation  comparison  confirmed  geophysical 
expectation. 
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ARCHAEOLOGICAL-GEOPHYSICAL  INVESTIGATION  OFTHE  ANCIENT 
SITES  ON  THE  RURAL  TERRITORY  OF  BOSPORUS  CIMMERIAN 

P.M.Borbdin,  A.V.Melnikov,  T.N.Sitiekalova  (1),  A.A.Maslennikov  (2) 

(1)  Physical  Faculty  of  Saint-Petersburg  State  University, 

(2)  Institute  of  Archaeology  RAS 

Geophysical  investigation  in  Eastern  Crimea  were  carried  out  by  the  joint  expedition 
of  Saint  Petersburg  State  University  and  the  Institute  of  Archaeology  RAS  in 
1982-1997.  Last  years  these  investigation  was  possible  thanks  to  the  giants  of  Russian 
Human  Foundation  (RGNF)  and  Federal  Program  "Integration".  The  main  woAing 
method  is  magnetic  prospection  with  archaeological  excavations  of  the  limited  plots 
on  chosen  areas.  In  antiquity  the  coastal  line  (30  kms)  of  the  Sea  of  Azov  to  the  north 
of  the  town  Kertch  was  densely  populated  with  a  Graeco-Barbaric  population:  there 
are  several  dozen  settlements  and  cemeteries,  and  traces  of  field  boundaries  ate  clearly 
seen.  At  these  sites,  anomalies  from  the  limestone  walls  of  buildings  were  expected  to 
seldom  exceed  2  -  6  nT.  Complete  interpretation  of  the  images  is  facilitated  by  the  use 
of  a  physical  -  archaeological  model  of  the  objects.  Comparisons  between  the  maps  of 
calculated  and  measured  magnetic  anomalies  makes  it  possible  to  locate  buried  objects 
which,  in  ancient  times,  were  subject  to  fire;  these  objects  could  be  stones  or  fire 
places.  Owing  to  magnetic  mapping  of  the  sites,  it  is  possible  to  determine  the  types 
of  settlement,  the  main  design  elements,  and  the  characteristics  of  the  building 
techniques  which  is  necessary  for  an  identification  of  a  site  as  an  antique  Greek  or  a 
local  barbaric  settlement.  Additionally,  other  archaeological  problems,  such  as  a 
determination  of  the  boundaries  of  the  settlements,  the  dynamics  and  growth  of  their 
defensive  structures,  and  their  types  of  building  materials,  were  solved.  The  objective 
of  this  work  is  the  composition  of  a  review  of  geophysical  maps  and  interpretation 
plans  of  the  region  which  would  served  for  the  purpose  of  scientific  historical 
investigations  as  well  as  for  the  establishing  of  protected  archaeological  zones. 


INTEGRATING  MAGNETIC  MEASUREMENTS  WITH 
ARCHAEOLOGICAL  DATA 

C.  Batt  and  S.  Dockrill 

Department  of  Archaeological  Sciences,  University  of  Bradford 
c.m.batt@  bradford.ac.uk/Fax:  +44-274-385190 

Many  types  of  human  activity  affect  the  magnetic  properties  of  the  geological 
materials  on  which  they  occur.  The  integration  of  measurements  of  magnetic 
susceptibility,  viscosity,  gradiometry  and  archaeomagnetic  data;  with  other 
archaeological  information,  allows  detailed  interpretation  of  deposits  and  their 
origins. 

The  potential  of  the  close  integration  of  magnetic  measurements  with  ongoing 
archaeological  excavation  is  illustrated  by  discussion  of  the  investigation  of  a 
multiperiod  settlement  mound  at  Scamess,  Shetland.  Particular  emphasis  is  placed  on 
the  use  of  magnetic  remanence,  viscosity  and  susceptibility  to  determine  date  and 
function  of  hearths  and  burnt  areas;  employing  susceptibility,  in  combination  with 
chemical  and  environmental  evidence,  to  determine  source  material  and  formation 
processes  of  middens  on  the  site,  and  combining  environmental  and  soil 
micromorphological  evidence  with  susceptibility  to  detect  and  characterise 
anthropogenic  enhancement  of  soils 

The  examples  demonstrate  that,  when  combined  with  other  archaeological 
information,  the  evidence  of  human  activity  retained  in  magnetic  properties  can 
prove  a  valuable  tool  for  archaeological  interpretation. 


CESIUM  MAGNETOMETRY  FOR  LARGE  AREA  PROSPECTION 
AT  QANTIR-PIRAMESSE  (EGYPT) 

HBecker  and  J.FaBbinder,  Bayer.  Landesamt  f  Denkmalpilege,  Dept,  of  Archaeological 
Prospection  and  Aerial  Archaeology,  Postfach  100203  D-80076  Munchen,  Germany 
emailKL9il01@sunmMl.Irz-muenchen.de 

At  Qantir-Piramesse  in  the  Nile  Delta  a  large  area  magnetic  prospection  was 
undertaken  in  October  1997  using  two  Scintrex  SM4G-Spectal  Cesium 
magnetometers  in  duo-sensor  configuration.  The  site  covering  about  30  km 
was  identified  as  the  ancient  capital  of  Ramses  II.  The  aim  of  the  survey 
project  is  the  city  map  of  Piramesse,  mainly  built  by  mudbrick  architecture. 
Therefore  not  only  a  high  spatial  resolution  in  sampling  (at  least  25  x  50  cm) 
is  required  but  also  ultrahigh  sensitivity  for  the  detection  of  mudbrick 
stmctures  in  the  Nile  mud.  Furthermore  fast  methods  are  required  regarding 
the  extent  of  the  area.  A  comparison  in  1996  between  cesium  and  fluxgate- 
magnetometry  and  resistivity  demonstrated  that  mudbrick  architecture  at  a 
deeper  soil  horizon  is  only  rletectable  by  cesium  magnetometiy.  The 
mudbrick  structures,  and  also  sand  foundations  of  missing  stone  buildings 
show  up  as  negative  magnetic  anomalies.  Mineral  magnetic  measurements 
in  the  laboratory  on  soils  and  mudbricks  explain  the  magnetic  anomalies.  The 
magnetogram  of  25  hectares  already  gives  an  impression  of  the  splendor  of 
Ramsess  City  with  temple-  and  living-buildings,  workshops,  streets,  canals 
and  also  wide  open  areas. 


MAGNETIC  PROSPECTING  AND  DATING  OF  ANCIENT  POTTERY  KILNS 
B.W.  Sevan  (1),  T.N.  Smekalova  (2) 

(1)  Geosight,  Pitman,  New  Jersey,  USA,  (2)  Physical  Institute,  StPetersburg  State 
University,  198904,  Russia,  smek@niif,sb.su 

Detailed  magnetic  measurements  of  unexcavated  ceramic  kilns  can  reveal  much  about 
their  location,  shape,  and  internal  construction.  There  are  more  than  26  medieval 
pottery  production  centers  known  in  mountainous  Crimea,  but  only  several  of  them 
were  partly  excavated.  A  special  investigetion  program  is  devoted  to  the  levealling  and 
detail  mapping  of  these  centers.  Further  analysis  of  these  measurements  ean  allow 
estimates  of  the  depth  of  the  kiln  and  its  total  mass.  The  direction  of  the  magnetization 
of  the  kiln  can  also  be  estimated,  and  this  may  allow  the  approximate  date  of  the  kiln 
to  be  determined.  Exeavation  is  costly  in  time  and  money;  it  is  also  destructive. 
Geophysical  exploration  can  aid  archaeology  by  describing  underground  features  as 
closely  as  possible;  this  will  allow  the  locations  for  excavations  to  be  carefully  selected 
by  the  archaeologist.  The  experiment  with  dating  by  analysis  of  magnetic  anomaly  is 
focused  on  two  kilns  in  Crimea.  Before  excavation,  the  outline  and  the  general  internal 
construction  of  this  kiln  were  revealed  by  a  magnetic  map.  This  map  was  made  with 
closely-spaced  measurements  with  the  magnetic  sensor  directly  on  the  surface  of  the 
soil;  this  allowed  the  very  high  resolution  image  of  the  kiln  to  be  created.  These 
magnetic  measurements  were  also  analyzed  to  determine  the  total  magnetic  moment  of 
the  kiln  and  also  the  center  of  its  magnetization.  Three  different  methods  were  tested 
in  order  to  estimate  the  inclination  and  declination  of  the  vector  of  total  magnetization, 
Archaeomagnetic  dating  of  kilns  has,  in  the  past,  required  kilns  to  be  excavated. 
Oriented  samples  of  the  kiln  are  extracted  and  laboratory  measurements  determine  the 
orientation  of  the  magnetization  (Eighmy  and  Sternberg  1990).  This  experiment  is 
directed  toward  the  possibility  of  estimating  the  magnetic  orientation  without  the  need 
for  excavation.  The  further  development  of  the  method  and  dating  of  other  Crimean 
pottery  kilns  was  possible  thanks  to  CRDF  grant. 


A  DISCUSSION  ON  THE  RESOLUTION  OF  TWO  DIMENSIONAL 
RESISTIVITY  MODELLING 

N.  Coskun  (Geophysical  Engineering  Department,  Karadeniz 
Technical  University,  61080,  Trabzon,  Turkey) 

J.  E.  Szymanski  (Department  of  Electronics,  University  of  York, 
Heslington,  York,  YOl  SDD,  U.K.) 

Theoretical  resistivity  profiles  corresponding  to  a  subsurface 
resistivity  structure  probed  via  assortment  of  arrays  have  been 
calculated  using  the  finite  difference  method.  Some  of  the  assumptions 
implicit  within  the  calculation  are  illustrated  by  examining  the  effect 
of  the  precise  relative  positions  of  an  electrode  array  and  a  buried 
future.  The  responses  for  the  Wenner,  pole-pole,  and  dipole-dipole 
arrays  were  carried  out  by  using  the  horizontal  profiling  technique. 
Four  different  possible  relative  array/feature  positions  modelled  with 
the  finite  difference  method.  The  variability  of  the  calculated 
anomalies  shows  that  any  modelling  approach  will  need  to  be  fine  and 
flexible  if  an  accurate  iterative  inversion  of  field  data  is  desired.  In 
other  words,  the  block  size  of  the  finite  difference  mesh  should  be 
equal  to  1/4  (0.25  by  0.25  units)  of  the  minimum  electrode  spacing. 


DIRECT  INTERPRETATION  OF  COMBINED  SOUNDING-PROFILING 
DATA 

N.  Coskun  and  R.  (;:ertel  (Geophysical  Engineering  Department, 
Karadeniz  Technical  University,  Trabzon,  Turkey) 

In  this  work  one-dimensional  direct  interpretation  of  vertical  electrical 
sounding  is  employed  for  two-dimensional  combined 
sounding-profiling  data  (pseudosections)  interpretation  for  some  of  the 
shallow  surveying  objectives.  The  technique  is  simple  and 
straightforward  and  is  applicable  to  determine  the  depth  of  bedrock 
and  mapping  its  relief  or  overburden  layers  such  as  top  soil,  and  to 
determine  geometry  of  a  land-slide.  The  direct  interpretation  of 
combined  sounding-profiling  data  will  be  given  with  a  numerical 
modelling,  analogue  tank  modelling,  and  a  field  example  to 
demonstrate  how  to  map  bedrock  relief 
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Three-dlmensioiial  reconstruction  of  archaeological  features  using  geomagnetic 

data 

G.Dittrich,  U.  Koppelt  (Institut  fllr  Ceophysik  und  Geologie,  Universitat  Leipzig, 
TalstraOe  3S,  04103  Leipzig,  geogd@hpwork26.geo.uni-leipzig.de) 

There  is  a  still  increasing  risk  of  damage  for  many  archaeological  sites  because  of  heavy 
agricultural  utilization  and  building  activities.  Since  excavations  are  limited  because  of 
limited  financial  resources,  a  non-destructive  investigation  and  3-D  reconstruction  of 
archaeological  features  using  geophysical  methods  becomes  more  important.  Estimations 
of  the  approximate  shape  and  position  of  the  features  may  help  the  archaeologist  to  plan 
and  adapt  excavations  according  to  the  actual  situation. 

A  robust  and  stable  inversion  algorithm  for  3-D  reconstruction  of  different  archaeological 
features  from  surface  magnetic  data  was  developed.  This  procedure  works  in  two  steps. 
In  a  first  step  the  mean  magnetization  direction  and  the  top  soil  depth  will  be  estimated 
under  the  assumption  of  a  simplified  model.  During  the  second  step  the  shape  of  the 
features  is  estimated  automatically.  The  algorithm  was  tested  on  different  synthetic  data 
sets  and  applied  to  magnetic  data  from  two  different  places  in  Saxony,  a  bronze  age 
settlement  at  Zwenckau,  near  Leipzig  and  a  fortification  system  at  Seidewitz,  near 
Torgau. 


Top  soil  conditions  and  detectability  of  archaeological  objects 
G.Dittrich',  U.  Koppelt',  J.M.  Lange^  K.  Wuytack' 

(1-  Institut  fllr  Geophysik  und  Geologie,  Universitat  Leipzig,  TalstraBe  35,  04103 
Leipzig  2-  Staatliches  Museum  fllr  Mineralogie  und  Geologie  Sachsen,  Augustusstr.  2, 
01067  Dresden ) 

The  detectability  of  archaeological  features,  such  as  filled  pits  or  ring  ditch  systems, 
depends  on  the  magnetic  properties  of  the  filling,  and  thus,  on  soil  properties,  material 
transport  mechanisms  and  chemical  conditions  in  the  subsoil. 

A  number  of  large-scale  investigation  projects  in  connection  with  open  coast  mines  and 
the  conamicdon  of  pipelines  around  Leipzig  lead  to  the  discovery  of  different  settlements, 
ranging  from  neolithic  times  to  late  iron  age.  Several  archaeological  features  from 
different  sites  were  sampled  and  investigated  with  regard  to  their  magnetic  properties,  e.g. 
susceptibility  measurements,  x-ray  diffractometry,  paleomagnetic  measurement. 

A  correlation  between  magnetic  properties  and  topography  as  well  as  soil  types  was 
fijund.  A  weak  correlation  between  the  age  of  the  archaeological  feature  and  the  magnetic 
properties  could  be  established. 


AN  APPROACH  ON  3D  ARCHAEOLOGICAL  INTERPRETATION 
OF  GROUND  PENETRATING  RADAR  DATA 

A.  EpeR-Hinterleitner  (Central  Institute  for  Meteorolgy  and  Geodynamics, 
Dept,  of  Geophysics,  Hohe  Warte  38,  A- 1 190  Vienna,  ahi@prip.tuwien.ac.at) 

S,  Seren  (Central  Institute  for  Meteorolgy  and  Geodynamics,  Dept,  of  Geophysics. 
Hohe  Warte  38,  A-1 190  Vienna,  archeo@zamg.ac.at) 

W.  NeoBAUER  (University  of  Vienna,  IDEA,  Geophysical  Prospeclion,  Franz 
Kleingasse  I,  A- 1 190  Vienna,  Wolfgang.Neubauer@univie.ac.at) 

The  application  of  GPR  in  archaeological  prospection  is  still  under 
discussion  between  archaeologists  and  involved  geophysicists.  A  new 
approach  is  presented  to  include  GPR  data  in  standard  interpretation 
methods  of  archaeological  geophysics.  In  the  Roman  town  Carnuntum 
a  georadar  survey  was  carried  out  to  aid  the  interpretation  of  a 
representative  building  recovered  by  a  former  resistivity  and  magnetic 
prospection.  A  pulse  EKKO  1000  was  used  to  investigate  the  building 
which  has^  an  extension  of  63.5  m  x  44  m  using  a  high  spatial 
resolution  of  0.5  m  x  0.1  m.  The  image  representations  of  the  time- 
slices  are  archaeologically  interpreted  in  a  GIS  considering  the 
interpretation  of  resistivity  and  magnetics.  The  various  interpretation 
slices  are  then  combined  to  a  3D  archaeological  interpretation  model. 


ARCHAEOLOGICAL  INTERPRETATION  OF  MAGNETIC  DATA 
M.BEraki 

Geologisch-Palaeonfologisches  Institut,  Apt.  Tectonophysic, 

Im  Neuenheimer  Feld  234. 69120  Heidelberg,  Germany. 

Fax:  (06221)545503.  E-Mail:  meleraki@ix.urz.uni-heidelberg.de. 
on  leave  from  Geology  Dept.,  Zagazig  Univ.,  Egypt. 

Particular  archaeologic  sites  containing  distinct  artifacts  were  considered 
by  magnetic  measurements.  This  paper  deals  with  the  main  problems  that 
generally  arise  during  the  application  of  magnetic  intensity  to 
archaeological  investigations.  Specific  difficulties  include  lateral 
variations  of  magnetic  susceptibilities  of  top  soil  and  near  surface  rocks, 
shallow  heterogeneities,  or  equipment  and  reduction  errors.  In  addition, 
an  example  of  a  magnetic  sun/ey  for  archaeological  exploration  at  a  part 
of  Tell  Basta  historical  site,  Zagazig,  Egypt  is  presented. 

The  observed  data  were  distorted.  However,  reduction,  filtering, 
correlation  and  modelling  of  the  field  measurements  help  in  improving  the 
signal-to-noise  ratio  and  better  definition  and  resolution  of  composite 
anomalies. 

Within  the  surveyed  area,  the  study  indicates  that  1)  The  significance  of 
numerical  processing  techniques  in  improvement  of  the  meaningful 
anomaly-to-noise  ratio  and  2)  The  presence  of  some  shallow  anomalies 
(0.5-3m  depth)  of  archaeological  interest.  The  revealed  depths  to  the 
different  discontinuities  agree  fairly  well  with  the  archaeological 
evidences  excavated  later. 


LE  PRINCIPE  DE  LA  RESOLUTION  DU  PROBLEME  INVERSE 
CEOELECROMAGNETIQUE  POUR  LES  OBJETS  ARCHEOLOGIQUES 
EN  3  DIMENSIONS 

K.M.  Ermokhine 

Insitue  des  Mines  (universitee  technique)  de  S-t  Petersburg  (Russie) 
fax.  321-9497  E-mail  alexandr@ldm.phys.lgu.spb.su 

La  resolution  du  probleme  inverse  dans  la  prospection  electrique  et  magnetique 
c'est  la  partie  la  plus  importante  pour  I'interpretation  des  donnees.  Le  but  essentiel 
de  la  geophisique-archeologique  -la  reconstruction  des  planes  des  fondaments  des 
bailments  anciens.  La  detalisation  de  ses  traveaux  est  beaucoup  plus  haute  que 
celle  en  geologie.  Notre  methode  utilise  les  unitees  des  dipoles  comme  les  briques 
pour  construire  les  modeles  geoelectriques  et  magnetiques  des  objets,  Cette 
approximation  a  le  nombre  inflnie  de  variants  de  la  resolution,  si  n'ajouter  pas  les 
conditions  specifiques-phisiques.  Dans  la  prospection  electrique  I’unitee  de 
dipoles  equivalents  aus  objets  doit  avoir  la  concordance  interieure:  cheque  dipole 
de  cette  unitee  doit  etre  collineaire  avec  le  champ  electrique  sommaire  des  issues 
du  cun-ent  et  du  champ  de  tout  les  autres  dipoles.  Dans  la  prospeclion  magnetique 
cheque  dipole  doit  etre  collineaire  avec  le  champ  magnetique  de  la  Tetre.  Du 
point  de  vue  mathematique  ca  signifie  la  nissecitee  de  minimiser  la  difference  des 
mesures  et  du  champ  de  I’unitee  des  dipoles  avec  les  conditions  quadratiques 
(problemes  electrique),  ou  pas  negatives  (en  magnetisme).  Le  programme  pour 
I'ordinateur  qui  realise  cette  idee  dans  la  prospection  magnetique  a  donnee  les 
resultats  sufflsents. 


MAGNETIC,  ELECTRIC,  RADIOACTIVITY  AND  THERMAL  INFRARED 
IMAGING  FOR  INTERPRETATION  OF  ARCHAEOLOGICAL  DEPOSITS 
STRATIGRAPHY. 

C.  FECHANT  (1),  C.  DAVID  (2),  A.  DORIGNY  (3),  G.  NEGRO  (4),  and  F. 
NAIZET  (2). 

(I)  Depanement  de  Geophysique  Appliquee,  University  Paris  6,(2)  Association  pour 
les  Fouilies  Archeologiques  Nationales,  (3)  Institut  National  de  la  Recherche 
Agronomique,  (4)  Institut  National  de  Metrologie. 
fechanl@ccr.jussieu.fr/fax  :  (33)  (0)  1  44  27  45  88 

In  the  northern  part  of  France,  the  so  called  "dark-earth"  archaeological  deposits, 
commonly  lay  directly  upon  relic  Roman  floor  levels  and  continue  upwards  into 
overlaying  Medieval  deposits.  These  sediments  with  a  thickness  of  0.3  to  I  meter 
contain  very  few  archaeological  features  and  no  stratigraphy  can  usually  be 
observed  within  the  deposits.  Consequently,  the  origin  and  significance  of  dark- 
earth  are  difficult  to  explain.  We  aimed  at  finding  on  a  cross-section  of  dark-earth,  a 
spatial  organisation  defining  a  stratigraphy  by  the  use  geophysical  methods.  We 
studied  3  sections  on  2  French  archaeological  sites  (Paris,  and  Chateau-Thierry) 
containing  those  enigmatic  deposits.  We  conducted  susceptibility,  radioactivity, 
electrical  resistivity  measurements  using  pole-pole  and  wenner  devices,  and  finally 
infrared  thermography  in  both  infrared  and  near  infrared  spectrum.  Except  for  the 
last  method,  measurements  were  achieved  point  by  point  on  the  cross  sections.  The 
different  maps  show  discontinuities  in  the  cross-sections  corresponding  to  biological 
perturbations  and  archaeological  structures. 
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GPS  AND  CIS  AS  RESEARCH  TOOLS  IN  ARCHAEOLOGY  FOR 
DETERMINING  FORMER  ENVIRONMENTAL  CONDITIONS 


INTERACTIVE  INVERSE  MODELLING  OF  MAGNETIC  DIPOLE  CLUSTERS 
AND  ARCHAEOMETRY  OF  IRON  AGE  SLAGS 


Gy.Fuleky  (1)  and  A.  Figler  (2) 

(1)  University  of  Agricultural  Sciences  G5d8ll6,  (2)  Xantus  Museum, 
Mosonmagyarovar 

fuleky@fau.gau.hu  /  Fax:  +36-28-410-200 

The  position  of  archaeological  finds  were  determined  with  GPS  on  3  small  hills  in 
the  Hungarian  Lowland  bordered  by  the  Duna  and  Raba  rivers  and  the  Hansag  area. 
The  properties  and  age  of  finds,  the  chemical  and  physical  characteristics  of  soil 
layers  such  as  pH,  CaC03  content,  organic  matter  content,  texture,  phosphate 
content  and  depth  of  water  table  level  at  the  location  of  find  were  determined  and 
collected  by  GIS.  The  location  of  finds  of  different  ages  and  the  properties  of  soil 
layers  followed  a  tendency.  The  settlements  on  the  small  hills  outstanding  from  the 
surrounding  area  and  regularly  disturbed  with  floods  have  located  always  near  (o  the 
bank  of  water  since  Neolithic  age.  The  finds  of  late  Neolithic  a(ge  located  (1 1 1,0  m) 
near  to  the  present  water  table  level  (1 10,5m).  The  finds  of  middle  copper  age  were 
somewhat  higher  (111,5m).  and  112,5  m  was  the  height  of  the  settlement  in  the 
bronze  age.  Concluding,  when  the  settlement  was  on  the  lower  part  of  the  hill  the 
climate  was  dry.  when  it  was  on  the  higher  part  of  the  hill  the  climate  was  cool  and 
rainy.  Comparison  of  the  chemical  and  physical  properties  of  the  layers  of  disturbed 
and  undisturbed  soil  profiles  also  contributes  to  the  reconstruction  of  former 
environmental  conditions. 


B.H.  Jacobsen(l),  U.  Koppelt(2),  and  N.  Abrahamsen(l). 

(1) Dept.  Earth  Sciences,  Aarhus  University,  Denmark. 

(2)  Inst.  Geophys.  &  Geol.,  UniversitSt  Leipzig,  Leipzig,  Germany. 
geofbhj@aau.dk;  geouwe@rz.unl-Ieipzig.de;  geofabe@aau.dk 

Geological  structures  are  usually  so  complex  that  a  simple  dipole  approximation  is  semi- 
quantitative  at  best.  One  exception  is  formed  by  the  slag  bodies  from  small  scale  iron 
production  in  Central,  Easter,  and  Northern  Europe  in  the  period  200  BC  -  1600  AD. 
These  bodies  give  rise  to  very  regular  dipole  anomalies  of  amplitudes  about  100  nT  just 
above  ground.  Thus,  they  are  easy  to  detect,  but  the  slag  bodies  occur  in  densely  spaced 
groups  so  that  anomalies  overlap,  and  slag  fragments  dislocated  by  ploughing  act  as 
added  noise.  Significant  secular  variation  occurred  during  this  period,  so  the  direction  of 
magnetization  is  indicative  of  the  slag  age. 

We  present  a  procedure  for  a  complete  modelling  of  position  and  magnetization  direction 
of  individual  slag  bodies  that  occur  in  groups.  Our  implementation  consists  of  a 
conventional  linearized  inversion  module  and  an  interactive  partial  inversion  front-end, 
where  the  user  controls  the  number  of  dipoles,  their  starting/prior  parameters,  and  the 
number  of  dipole  parameters  to  release.  This  implementation  is  robust,  flexible  and  easy 
to  use  for  non-specialists  in  inverse  theory. 
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ANALYSIS  OF  THE  CHANGE  LN  THE  VELOCITY  OF  THE  ELECTROMAGNE¬ 
TIC  WAVES  WITH  THE  WATER  CONTENT. 

Vega  Perez  Gracia  ( 1 ),  Lluis  Pujades  ( 1 ),  Josi  A.  Canas  (2),  Jaume  Clapes  ( I )  and  Raul 
Osorio  (1). 

(1)  Laboratorio  de  Geofisica.  Dep.  de  Ingenieria  del  Terreno.  Univ.  Pol.  de  Catalufla.  (2) 
Instituto  Geogrifico  Nacional. 

Ground  Penetrating  Radar  (GPR),  allows  a  high  resolution  in  archaeological  research.  The 
studies  of  high  resolution  with  electromagnetic  waves  require  a  good  knowledgement  of 
the  wave  speed  into  the  analyzed  media.  We  have  performed  some  GPR  experiences  in 
order  to  observe  the  wave  velocity  variation  during  its  propagation  in  different  conditions 
of  humidity  in  the  same  materials.  We  have  been  able  to  detect  important  variation  of  (he 
wave  speed  when  the  water  content  is  increased.  This  variation  is  caused  by  the  change  of 
the  electromagnetics  properties  of  the  materials.  The  analysis  of  the  arrival  time  of  the 
reflected  waves  in  the  surface  where  the  material  properties  change,  allows  us  to  calculate 
the  wave  velocity  in  the  saturated  and  in  the  unsaturated  marble  rock.  With  this  velocity, 
the  effective  electromagnetic  constants  of  the  marble  (saturated  and  unsaturated)  have  been 
obtained.  These  electromagnetic  constants  have  a  value  of  about  5  in  the  unsaturated 
materials,  and  a  high  value  (about  12)  in  the  saturated  marble.  The  analyzed  marble  layer 
was  placed  over  a  layer  of  concrete.  The  electromagnetic  effective  constant  obtained  in  the 
non-saturated  area  was  about  8,  while  the  constant  in  the  saturated  area  was  about  17. 


PROCESSING  AND  INVERSION  OF  MAGNETIC  GRADIENT  DATA  IN 
ARCHAEOLOGICAL  PROSPECTING 

JCrg  Herwanger'“.  Hansruedi  Maurer^,  Jflrg  Leckebusch*,  Alan  Green* 

'  Institute  of  Geophysics,  ETH  HOnggerberg,  CH-8093  Zurich 
'  Dep.  of  Geology,  RSM,  Imperial  College  of  Science,  Technology  &  Medicine, 
UK- London  SW7  2BP 

phone: +44/171/59-46436  fax: +44/171/59-46500  email:  j.herwanger^  ic.ac.uk 

Magnetic  gradient  prospecting  is  a  powerful  means  of  mapping  the  distribution  and 
extent  of  archaeological  remnants  in  the  shallow  subsurface.  With  increasingly 
sensitive  magnetometers,  bodies  of  limited  spatial  extent  and  low  magnetization  can 
be  detected  and  mapped.  For  example,  modem  Cesium  magnetometers  now  provide 
sampling  rates  as  high  as  0.1s  and  resolution  as  good  as  -O.OlnT.  Employing 
Cesium  magnetometers,  two  people  recently  collected  magnetic  gradient  data  over 
an  area  of  220  m  x  60m.  Only  two  days  were  required  to  record  the  entire  data  set 
using  a  grid  spacing  of  0.25  m  x  0.25  m.  The  anomalies  at  the  site  were  expected  to 
be  caused  by  moderately  magnetized  topsoil  deposited  in  ditches  and  ancient  pit- 
houses.  In  order  to  extract  the  maximum  information  possible  from  these  high- 
resolution  data,  refined  processing  and  imaging  techniques  were  applied.  Non-linear 
colouring-schemes  (e.g.  histogram-equalization)  and  2-dimensional  filtering  (e.g. 
reduction  to  the  pole,  2nd  vertical  derivative)  were  applied  successfully.  The 
resultant  images  improved  markedly  the  visibility  of  anomalies  and  contributed  to  a 
better  understanding  of  the  underlying  structures.  To  extract  information  about  the 
depth  extent  and  shape  of  the  archaeological  structures,  an  Inversion  algorithm  that 
converts  magnetic  gradiometer  data  into  subsurface  structural  models  was 
developed.  Tests  on  synthetic  data  provided  key  data  on  the  performance 
characteristics  (e.g.  resolution  and  error  limits)  of  the  inversion  algorithm.  A  subset 
of  the  Unterstammheim  magnetic  gradient  data  set  was  successfully  inverted  to 
show  the  shape  and  extent  of  a  mediaeval  pit-house. 


TECHNIQUES  APPLIED  TO  MAGNETIC  INVESTIGATION 
OF  IRON-PRODUCTION  SITES  IN  CENTRAL  EUROPE 

II.  Koppelt  (1),  N.  Abrihamsen  (2),  G.  Dittrich  (1),  V.  Hirsekom  (3), 

B.H.  Jacobsen  (2),  T.  Smekalova  (4)  &  O.  Voss  (5) 

(1)  Institut  iOr  Geophys.  &  Geol.,  Universitbt  Leipzig,  Talstr.  3S,  D4)4103  Leipzig, 
Germany.  (2)  Aarhus  University,  Dept,  of  Earth  lienees,  DK-S200  Aarhus  N, 
Denmark.  (3)  Sa.xonian  Dept,  of  Archaeol.,  Japanisches  Palais,  Dresden,  Germany. 
(4)  Physics  Institute,  St  Petersburg  University  Petrodvorets,  St  Petersburg  198904, 
Russia.  (5)  National  Museum,  Frederiksholms  Kanal  12,  DK-1220  Copenhagen. 

Diflerent  techniques  for  investigation  of  old  iron-production  sites  in  SW 
Jutland  (Denmark)  and  Lusatia  (Germany)  are  presented.  They  include 
geomagnetic  surveying  for  localizing  the  iron-production  centres, 
micromagnetic  measurements  for  studying  the  fine  structure  of  the 
magnetic  field  in  the  vicinity  of  iron-slag  bodies  as  well  as  data  inversion 
and  palaeomagnetic  investigation  techniques  for  age  determination 
purposes.  The  applied  techniques  were  adapted  to  the  geological 
situation  and  the  site  formation  processes,  e.g.  the  utilization  of  the  area 
under  study  during  the  last  century.  Specific  adaptations  are  described. 
It  is  also  shown  how  archaeological  excavations  may  be  planned  and 
monitored  by  the  magnetic  surveying.  As  presented,  the  inversion 
results  appear  to  give  reasonable  age  estimates  for  the  slag  bodies  after 
a  magnetic  retraction  correction  is  applied.  Finally,  a  short  description 
of  developed  software  for  data  processing  and  inversion  is  included. 


AITLICATION  OF  DETAILED  MAGNETIC  METHODS  DURING 
ARCHAEOLOGICAL  EXCAVATIONS  IN  BOHEMIA 

RKrivanek  (Institute  of  Archaeology  of  Czech  Academy  of  Sciences,  Letenska  4, 
CZ-118  01  Ptaha  1,  Czech  Republic) 

Some  of  geophysical  methods  it  is  possible  to  use  in  time  of  open 
archaeaologic^  excavation.  The  rapid  increase  of  rescue  archaeological 
excavations  in  1990s  gave  in  Bohemia  opportunity  to  test  possibilities  of  use  of 
magnetic  methods  in  such  a  not  traditional  and  less  optimal  conditions.  The 
results  for  example  showed  that  by  gradient  magnetometric  survey  of  area  near 
the  edge  of  brown  coal  mine  without  lemoved  subsuifhce  layers  we  could  identify 
stoney  fillings  of  graves  on  Late  Bronze  Age  gravqiard  as  on  northbohemian  site 
Konobrze.  Another  example  from  North  Bohemia  shows  application  of  detailed 
magnetometric  survey  of  excavated  prehistoric  tomb  near  Ceihoucek.  Various 
amplitudes  of  intensity  of  magnetic  field  here  separate  dark  soil  filling  inside  of 
rectangular  ditch  and  stoney  filling  of  central  grave  (massive  neovulcanic  Mods). 
Interesting  results  brought  detailed  surveys  of  excavated  archaeological  features 
by  measuring  of  magnetic  susceptibility  on  cleaned  surface  in  situ  by 
kappameter.  The  results  in  cenialbohemian  site  Tisice  inside  of  open  Iron  Age 
graves  identified  by  ma.\imum  not  only  places  with  metal  jewels  but  also  by 
minimum  separated  the  relict  of  woo^n  coffin.  Experimental  measuring  of 
sample  of  excavated  polycultuial  settled  area  near  Tisice  in  Central  Bohemia 
showed  that  fiiis  method  could  be  used  in  case  of  homogenous  nonmagnetic 
material  of  excavated  suifece  for  reidentification  of  small  not  veil  visible  features 
(pits)  which  could  make  then  together  relict  of  lagrer  regular  features  (house). 
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A  PURELY  GEOPHYSICAL  DISCOVERY  OF  AN  ARCHAEOLOGICAL 
IRON  AGE  SITE  AT  THE  WESTERN  SHORE  OF  LAKE  BAIKAL 

N.O.Kozhevnikov  and  S.P.Nikiforov 

Technical  University,  83,  Lermontov  St,,Irkutsk,  664074,  Russia 
nikolai.gtf@ipi.irkutsk.su 

When  carrying  out  TEM  survey  on  the  Chernorud  site  at  the  nestem  shore  of  Lake 
Baikal  slowly  decaying  transients  were  measured  over  metamorphic  poorly 
conductive  cristalline.  Laboratoiy  studies  on  parent  rock  and  soil  samples  included; 
1)  microscopic  examination:  2)  TEM  measurements;  3)  X-ray  diffraction, 
hysteresis,  and  thermomagnetic  analyses.  It  turned  out  that  the  anomalous 
transients  were  caused  by  the  relaxation  of  magnetization  of  single-domain  near¬ 
surface  particles  the  origin  of  which,  for  a  long  time,  remained  a  mystery.  In  1996, 
we  fortuned  upon  a  gopher’s  burrow.  Among  the  soil  thrown  out  of  the  burrow  we 
found  slugs  and  charcoal,  which  suggested  an  ancient  metallurgical  activity.  The 
slugs’  examination  has  revealed  that  they  are  electrically  nonconductive  and  consist 
predominately  of  a  silica  matrix  with  dispersed  within  it  ultrafme  magnetite  and 
iron  particles.  Being  placed  into  a  small  coil,  the  slugs  produced  slowly  decaying 
transients  caused  by  magnetic  viscosity  phenomenon.  Magnetic  sur\ey  carried  out 
over  an  area  in  the  vicinity  of  the  slugs’  find  has  revealed  positive  magnetic  field 
anomalies  with  amplitude  of  about  20-50  nT.  At  our  request,  an  excavation  was 
made  this  summer  by  Dr.  A  Kharinskiy,  an  archaeologist  from  the  Irkutsk 
University,  which  resulted  in  discovery  of  slugs,  charcoal,  porous  iron,  baked  clays, 
some  artifacts,  and  -  at  a  depth  of  about  0.8m  -  remains  of  a  bloomety  furnace. 


Geophysical  prospections  of  archaeological  sites  In  Brandenburg 
E.  L’ck,  M.  Eisenreich 
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During  the  last  few  years  archaeologists  collected  a  lot  of  knowledge  about  several 
sites  in  Brandenburg  by  aerial  photography.  In  addition  we  carried  out  geophysical 
prospectings  to  get  more  information  about  interior  structures,  depth  ranges  and  phys 
ical  properties.  So  we  investigated  several  circular  ditch  systems  in  different 
geological  areas.  In  the  south  of  Brandenburg  there  is  a  Neolithic  ditch  system,  which 
has  significant  magnetic  anomalies  of  about  2-5  nT/m  (Fluxgategradiometer),  so  that 
we  could  detect  not  only  the  main  structures  but  also  some  palisades.  In  the  eastern 
part  of  Brandenburg  there  are  two  sites  supposed  also  with  Neolithic  origin.  One  of 
them  can  partly  been  well  prospected  with  help  of  magnetic,  but  there  are-some  parts 
which  can  be  seen  only  in  air  photographs.  The  third  site  is  covered  by  ottstein 
(cemented  sandstone  with  oxides),  so  that  magnetic  investigations  are  not  possible  . 
Because  of  the  higher  conductivity  correlated  with  greater  humidity  within  a  ditch 
system  such  structures  can  be  prospected  with  help  of  electromagnetic.  This 
correlation  leads  to  the  fact  that  former  ditches  can  be  prospected  not  only  outside 
civilisation  but  also  within  a  city.  With  direct  current  method  we  estimated  the  location 
of  some  Slave  ditches  and  also  younger  ditches  within  the  city  Potsdam. 


2D  AND  3D  INTERPRETATION  TECHNIQUES  OF  GPR  DATA  IN 
ARCHAEOLOGICAL  PROSPECTION 

Lorra,  S.;  Stumpel,  H.  and  Thomsen,  D. 

The  use  of  high  resolution  geophysical  methods  for  archaeological 
prospecting  has  increased  rapidly  in  the  last  15  years.  The  Archaeological 
working  group  located  at  the  Institute  of  Geophysics  of  the  University  of  Kiel 
(Germany)  has  been  involved  in  complete  project  solutions  over  the  last  10 
years.  Our  experience  covers  the  work  starting  with  the  data  acquisition  using 
a  combination  of  different  geophysical  methods  all  the  way  to  the  appropriate 
presentation  of  the  results. 

On  the  technical  side  we  have  made  several  in  house  developments  for 
magnetic  surveys  including  the  design  of  a  portable  fluxgate  gradiometer 
array,  a  multichannel  data  logger  and  software  package  for  data  management 
and  processing.  For  precise  mapping  of  archaeological  structures  located  in 
the  subsurface  mainly  magnetics  and  resistivity  have  been  used.  Ground 
penetrating  radar  (GPR)  was  rarely  taken  into  account  because  of  the  large 
amount  of  data  and  the  tirrie  consuming  interpretation.  In  the  past,  the  main 
disadvantage  was  that  the  interpretation  of  2D-GPR-sections  was  depending 
to  a  high  degree  on  the  experience  of  the  geophysicist  and  therefore  was  too 
much  relying  on  subjective  decisions.  Moreover  GPR  often  fails  in  clayey  soil 
conditions.  Three  case  histories  will  be  given  showing  an  appropriate  way  of 
GPR-data  processing  and  interpretation.  Consequently  2D-data  acquisition 
using  different  frequencies  and  a  narrow  profile  segmentation  as  well  as  3D- 
processing  techniques  were  developed  to  optimise  the  analysis  of  GPR- 
sections  and  finally  make  use  of  the  high  resolution  capability  of  GPR. 


RELATIONSHIP  BETWEEN  ANTHROPISATION  AND  THE  MAGNETIC 
PROPERTIES  OF  SOILS  :  A  case  study  in  the  archaeological  site  of  Roissy- 
en-France 

E.  Marmet',  M.  Bina^,  N.  Fedoroff®,  A  Tabbagh' 

Laboratoire  de  gdophysiquc  appliqude,  4  pi.  Jussieu,  75252  Paris; 

■ :  Laboratoire  de  Gdomagndtisme,  4  av.  de  Neptune,  94107  St  Maur-des-fosses 
Laboratoire  ACER,  Institut  National  Agronomique,  78250  Thiverval-Grignon 

Magnetic  prospecting  of  archaeological  sites  depends  strongly  on  the 
susceptibility  k  of  the  upper  layer  of  the  soil  and  on  the  abundance  of  its 
ferrimagnetic  minerals.  Hiesc  minerals  may  be  of  biologic  origin,  usually 
bacteriologic,  or  human  origin,  by  firing.  To  characterise  and  identify  different 
ferrimagnetic  minerats  in  several  archaeological  soils,  we  have  performed 
thermomagnetic  and  hysteresis  parameters  measurements  on  a  set  of  samples.  The 
pedological  and  micromorphological  analyses  are  associated  to  this  study  to 
determine  the'  relationship  between  the  pedological  and  human  activities 
(femiginisatian  and  antluopic  objects)  and  the  magnetic  parameters. 

Maghemite  was  identified  by  the  thermomagnetic  curves  as  the  main 
magnetic  mineral  in  archaeological  sediments.  The  link  between  ferruginisation 
and  high  magnetic  susceptibility  is  not  clear.  However,  the  correlation  between  the 
ratio  of  susceptibility  on  saturation  magnetisation  x/Js  and  the  abundance  of 
anthropic  objects  is  quite  good.  In  association  with  magnetic  susceptibility  and 
remanent  coercive  field,  we  can  give  an  estimation  of  anthropisation  of  sediments 
The  thermomagnetic  curves  and  the  comparison  between  natural  heated  sediment 
and  the  anthropogenic  sediments  enable  an  estimation  of  the  temperature  of  the 
heating  of  furnace  for  example. 


ESTIMATION  OF  SYSTEMATIC  ERRORS  OF  3-COMPONENT 
GEOMAGNETIC  DATA  USING  THE  ABIC-MINIMIZATION 
METHOD 

Y.Marukawa  (1),  H.Kamei  (2),  M.Saito  (3) 

(1)  Department  of  Earth  and  Planetary  Sciences,  Tokyo  Institute  of 
Technology,  (2)  Department  of  Computer  Science,  Tokyo  Institute  of 
Technology,  (3)Faculty  of  Science  , Yokohama  city  Univercity 
ymarukaw@geo.titech.ac.jp 

The  geomagnetic  anomalies  measured  are  often  effected  by  the  systematic  errors 
caused  by  various  factors,  for  example. drifts  in  magnetometer  reading,  inter¬ 
ference  of  magnetic  field  from  the  carried  devices,  and  so  on.  The  correction 
of  those  systematic  errors  by  the  modified  ABIC-minimization  method.  The 
original  ABIC-minimization  method  [1994.Murata]  assumes  that  the  optimum 
correction  values  of  the  systematic  errors  will  lead  to  a  smooth  geomagnetic 
anomaly.  And  the  trade-off  between  misfit  residual  and  surface  roughness  is 
determined  to  minimize  the  ABIC  (Akaike's  Baysian  information  criterion). 
In  this  study,  3-component  geomagnetic  data  has  been  used  which  is  obtained 
from  the  3-component  fluxgate  gradiometer.  So,  the  magnetostatic  relation 
between  each  component  of  the  magnetic  field  is  concidered  in  this  correction 
process. 


A  HIGH  DENSITY  RESISTIVITY  SURVEY  AND  A  EXPERI¬ 
MENTAL  MEASUREMENT  OF  TEMPERATURES  OF  THE 
GROUND  ON  HIRUI-OTSUKA  MOUNDED  TOMB  IN  OGAKI, 
JAPAN 

M.  Mori  (1),  H.  Kamei  (1),  M.Nakai  (2),  H.  kudo  (3) 

(1)  Department  of  Computer  Science,  Tokyo  Institute  of  Technology,  (2)  Tlie 
Board  of  Education  of  Ogaki-city,  (3)  Sakurakoji  Electric  Corporation 
mmasato@cs.titech.ac.jp 

The  Hirui-Otuka  mounded  tomb  located  in  Ogaki-city,  Gifu  Prefecture.  Japan, 
dated  back  to  the  late  4th  century  AD.  The  resistivity  survey  was  carried  out 
in  order  to  acquire  information  about  its  central  burial.  A  48-electrodes  cable 
with  50cm  spacing  was  used.  The  Wenner  configuration  was  adopted  in  this 
surveying:  electrode  spacing  was  changed  by  0.5m  from  1.0m  to  4.0m,  and  the 
measurement  point  was  shifted  at  intervals  of  0.5m.  It  took  only  11  minutes 
to  get  241  readings  pet  line.  Total  34  lines  were  measured,  consequently  23.5m 
by  16.5m  area  was  surveyed.  Some  resistivity  anomalies  were  observed:  one  of 
them  seemed  to  be  a  central  burial.  .4  measurement  of  temperatures  of  the 
ground  was  carried  out  in  order  to  acquire  information  about  relation  between 
the  organization  of  under-ground  and  the  temperatures  of  the  ground.  Sensors 
sheathed  by  a  stainless  steel  pipe  60cm  long  filled  with  oil,  was  inserted  50cm 
in  depth  under  the  ground.  The  measurement  was  gone  on  continuously  for 
38  hours,  automatically.  At  the  measurement  point  over  the  central  burial,  a 
large  phase  delay  was  observed. 
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MICKOGRAVIMETRIC  DJVESTIGATIONS  IN  THE 
VALLEYS  OF  THE  KINGS  AND  QUEENS,  LUXOR,  EGYPT 

I  Mrlina  (1),  AA  Tealeb  (2).  E.AM,  Issawy  (2),  AH  ARadwan  (2).  G.S. 
Hassan  (2)  and  K.O.  Sakr  (2) 

(1)  Geophysical  Institute  Acad.  Sci.,  Prague,  Czedi  Republic,  jan@ig.cas.cz 

(2)  Nat.  Res.  Inst.  Astron.  Geoph.  (NRIAG)  Helwan,  Cairo,  Egypt 

No  doubt  that  Egypt  is  a  country  extraordinarily  rich  in  ancient  sites  with 
unique  monuments  documenting  its  femous  history  over  thousands  of  years.  It 
is  obvious  that  not  all  of  the  archaeological  secrets  have  been  discovered.  One 
of  these  areas  is  Luxor  with  the  Valley  of  the  Kings  and  the  Valley  of  the 
Queens,  Upper  Egypt.  Experimental  microgravimetric  investigations  were 
performed  in  1996  and  1997  in  order  to  test  the  possibility  of  detecting  well- 
known,  but  hidden  unknown  tombs  with  corridors  just  as  well.  On  several 
lines  the  gravity  was  measured  by  two  LaCoste&Romberg  gravimeters  D188 
and  G1043.  The  attention  was  focused  at  calculating  all  necessary  corrections 
and  reductions  of  the  data.  With  respect  to  very  complicated  topography,  a 
combined  method  of  removing  the  relief  impact  was  applied.  By  modelling 
we  also  estimated  the  effects  of  known  entrances  and  corridors  of  the  tombs. 
In  most  cases  this  processing  sequence  resulted  in  the  elimination  of  rostered 
anomalies.  The  remaining  inicatioris  were  analysed  and  explained  by 
geological  phenomena  on  one  side,  and  by  possible  buried  archaeological 
objects  on  the  other  side.  Further  study  is  necessary  to  prove  the  results  and 
concentrate  on  promising  sites. 


GEOPHYSICAL  SUPPORT  IN  LARGE  SCALE 
ARCHAEOLOGICAL  PROSPECTIONS,  RECENT  CASE- 
STUDIES  AND  RESEARCH. 

P.J.  Orbons 

RAAP  Archaeological  consultancy,  P.O.  Box  1347,  ML  1000  BH 
Amsterdam,  The  Netherlands.  Tel:  00  31  20  463  4848,  Fax;  00  31 
20  463  4949,  e-mail:  j.orbons@raap.nl 

Archaeological  prospections  over  large  areas  prove  to  be  very 
difficult,  due  to  the  nature  of  the  archaeological  evidence. 
Archaeological  evidence  can  be  small  in  size  and  small  in  contrast 
to  the  suroundings. 

Recent  research  about  the  use  of  electromagnetic  measurements, 
GIS,  thermal  infra-red  scanning  and  laser-altimetry  prove  that 
combined  information  aids  the  interpretation  of  the  archaeology 
over  large  areas. 

Some  case  studies  from  the  wet-lands  in  The  Netherlands  and  from 
Northern  France  will  be  presented. 
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IMPROVEMENTS  IN  HIGH  RESOLUTION  ARCHAEOLOGICAL 
MAGNETOMETRY 

W.  Neubauer  (University  of  Vienna,  IDEA,  Geophysical  Prospection,  Franz 
Kleingasse  1,  A-  1 190  Vienna,  Wolfgang.Neubauer@univie.ac.aO 
A.  Eder-Hinterleitner  (Central  Institute  for  Meteorolgy  and  Geodynamics, 
Dept,  of  Geophysics,  Hohe  Warte  38,  A-1 190  Vienna,  ahi@prip.tuwien.ac.at) 

P.  Melichar  (Central  Institute  for  Meteorolgy  and  Geodynamics,  Dept,  of 
Geophysics,  Hohe  Warte  38,  A-1 190  Vienna,  archeo@zamg.ac.at) 

An  automatic  positioning  and  recording  wheeled  caesium  gradiometer 
device  with  0.1  nT  sensitivity  was  used  for  archaeological  prospection 
for  over  10  years  in  Austria.  A  recently  developed  new  multi-sensor 
caesium  magnetometer  device  MEP750  with  0.001  nT  sensitivity  is 
presented  here.  The  first  applications  and  tests  prove  the  high 
reliability  of  the  system  used  in  0.125  x  0.5  m  standard  raster.  Two 
sites  were  remeasured  to  compare  the  new  device  and  its  variabilities 
of  configuration  to  the  former  system.  Multi-sensor  arrays  make  it 
possible  to  derive  multi-image  information  from  the  data  for 
subsequent  archaeological  interpretation.  The  first  survey  with  the  new 
system  recovered  longhouses  from  the  Early  Neolithic  about  7000  BP. 


QUANTIFICATION  OF  SUPERPARAMAGNETISM  WITHIN 
LEWISIAN  ARCHAEOLOGICAL  SOILS 
Clare  Peters 

Department  of  Chemistry,  University  of  Edinburgh,  King’s  Buildings,  West 
Mains  Road,  Edinburgh  EH9  3JJ,  Scotland. 

Clare . Petersffied .ac.uk 

Archaeological  soils  are  magnetically  interesting  as  they  contain  very  small 
superparamagnetic  iron  oxide  grains,  which  are  associated  with  burning.  An 
unmixing  algorithm  based  on  room  temperature  hysteresis  loop  data  has  been 
developed.  The  algorithm  allows  the  quantification  of  different  domain  states, 
including  superparainagnetism,  of  various  magnetic  minerals,  and  also  para¬ 
magnetism  and  diamagnetism.  As  well  as  estimating  the  superparamagnetic 
concentration,  the  algoritlim  can  also  estimate  the  superparamagnetic  grain 
size. 

Room  temperature  liysteresis  loops  liave  been  measured  on  a  range  of  material 
types,  including  hearths,  pit  fills  and  middens  from  a  multi-period  settlement 
in  tiie  dune  system  to  the  east  of  Bostadh  beach.  Great  Bernera,  Lewis.  Subse- 
(|uent  Htirnixing  of  tlie  liysteresis  loop  data  has  revealed  superparamagnetism 
to  be  the  dominant  domain  state  in  tlie  majority  of  soils.  The  unrnixing  re¬ 
sults  have  also  revealed  a  restricted  estimated  superparamagnetic  grain  size 
distribution  of  75  to  90  .\. 


GEOMAGNETIC  PROSPECTION  OF  AN  EARLY  NEOLTIHIC 
SETTLEMENT  IN  ASPARN  /  LOWER  AUSTRIA 

W.  Neubauer  (University  of  Vienna,  IDEA,  Geophysical  Prospection,  Franz 
Kleingasse  1,A-  1190  Vienna,  Wolfgang,Neubauer@univie.ac.at) 

A.  Eder-Hinteri.eitner  (Central  Institute  for  Meteorolgy  and  Geodynamics, 
Dept,  of  Geophysics,  Hohe  Warte  38,  A-1 190  Vienna,  ahi@prip.tuwien.ac.at) 

P.  MELICHAR  (Central  Institute  for  Meteorolgy  and  Geodynamics,  Dept,  of 
Geophysics,  Hohe  Warte  38,  A-1 190  Vienna,  archeo@zamg.ac.at) 

During  the  last  five  years  a  large  site  from  the  Early  Neolithic  (about 
7(XX)  BP)  was  surveyed  with  different  caesium  magnetometer  devices 
covering  an  area  of  over  20  ha.  The  site  is  fortified  by  ditches  with 
varying  state  of  preservation.  Inside  the  fortification  the  ground  plan  of 
typical  longhouses  could  be  lined  out  by  magnetics.  The  remains  of 
the  wall  foundation  trenches  are  obvious  and  even  the  roof  bearing 
posts  are  detectable.  The  site  was  prospected  using  a  wheeled  caesium 
gradiometer  with  0.1  nT  sensitivity  as  well  as  a  multi-sensor  MEP750 
caesium  magnetometer  with  0.CK)1  nT  sensitivity  and  allows 
comparison  of  the  two  devices  applied  in  a  0.25  x  0.5  and  0.125  x  0.5 
m  standard  raster. 


Analysis  of  GPR  pulse  response  from  experimental  and 
archaeological  test  sites. 

S.  Plro  (Istitiito  per  le  Tccnologic  Applicnic  ai  Beni  Culiunili  C.N.R.  P.O.  Box  10 
00016  Montcrolondo  Si .  Roma.  Italy ) 

N.  Picrdicca  (Dip  ingegneria  Elcilronico,  Univ.  La  Sapiciiza,  Rom.i,  lialy) 

GPR  has  been  applied  in  many  studies  Including;  ground  water  invcstigalions, 
idcmificalion  of  burled  objects,  soil  mapping,  civil  engineering  investigations.  Tliis 
method  has  been  also  used  in  reconnaissance  surveying  for  non-deslrucUvc 
archaeological  invcstigalions. 

Often  in  the  surtcyed  area,  the  presence  of  disrupted  soil  and/or  correlated 
localized  noise  can  mask  the  signals  due  to  the  c.xpecicd  bodies.  The  study  of  the 
fcllccted  charaeierisiics  of  buried  targets,  under  controlled  lest  conditions,  can  help 
to  understand  the  GPR  system  capabilities. 

Response  front  simple  Iwricd  bodies  (cylinder  and  sphere)  arc  insesligated  in  the 
test  pit  of  C.N.R.  and  in  the  archaeological  sites  containing  cavities  and  portion  of 
walls.  The  mcnsurcmcnis  were  carried  out  using  the  bisialie  OYO  Yl,  R2  system 
equipped  with  Ono  MHz  antenna  and  SIR  System  lOA  equipped  with  two  100  and 
900  MHz  antenna. 

Parallel,  perpendicular  and  cross-polariz.cd  antenna  conriguration  were  employed 
during  the  acquisition.  The  experimental  and  Held  results  arc  elaborated  and 
analyzed  with  the  aim  to  characterize  the  rcllcclcd  signals. 
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THE  ANCIENT  LION  HARBOUR  OF  MILETUS:  GEOPHYSICAL 
INVESTIGATIONS 

Rabbel  W.  (1),  BniecknerH.  (2),  Bnihn  C.  (1),  Stuempel  H.  (I),  Woelz  S.  (I) 

(1)  Institute  of  Geophysics,  University  of  Kiel,  Kiel,  Germany 

(2)  Geographical  Institute,  University  of  Marburg,  Marburg,  Germany 
wrabbel@geophysik.uni-kiel.de 

The  ancient  Miletus  was  one  of  the  largest  and  most  prosperous  cities  on  the  coast  of 
Asia  Minor.  It  was  siniated  at  the  golf  of  Latmos  which  is  today  silted  up  by  the 
sedimentation  of  the  Meiideres  river.  Since  Miletus  was  the  center  of  Ionian  trade,  the 
ground  plans  of  the  harbour  buildings  and  basins  are  of  special  importance  for  the 
architectonic  reconstruction  of  the  city.  In  order  to  define  constraints  for  this 
reconstruction,  we  investigated  the  so-called  Lion  Harbour,  a  former  bay  of 
lS0m*300m  extent,  by  a  combination  of  different  geophysical  methods  and  drilling. 
Remnants  of  mole  foundations  were  found  by  magnetic  mapping.  The  morphology  of 
the  former  harbour  basin  was  determined  by  3D  shear  wave  seismics  and  DC 
resistivity  sounding.  The  seismic  results  were  calibrated  by  drilling  and  borehole 
seismic  measurements.  Caused  by  the  high  shear  wave  velocity  contrast  between 
basement  and  sedimentary  fill,  and  by  the  strong  curvature  of  the  basin  cross-section 
we  observed  curious  wave  phenomena  which  were  verified  by  FD  seismic  modelling. 


ADVANCED  MAGNETOMETRY  FOR  THE  CHARACTERISA¬ 
TION  OF  EARLY  IRON-WORKING  SITES 
A.  Schmidt,  R.  V'ernon  and  G.  McDonnell 

Department  of  Archaeological  Sciences,  University  of  Bradford,  Bradford  BD7 
IDP,  U.K.. 

A.SchnidtOBradford.ac.uk/Fax:  [-1-44]  1274  23  5190 
In  order  to  gain  further  understanding  of  early  iron-working  sites  geophysical 
techniques  can  be  used  for  a  non-destructive  investigation.  It  was  the  aim  of  this 
study  to  evaluate  the  information  that  can  be  obtained  through  advanced  mag¬ 
netometer  surveys.  Three  sites  in  Yorkshire  (England)  were  selected  for  survey¬ 
ing;  (i)  a  previously  excavated  shaft  furnace  was  reburied  in  non-magnetic  sand; 
(ii)  the  site  of  a  known  furnace  that  was  excavated  subsequent  to  the  geophys¬ 
ical  examination  and  (iii)  a  site  of  intense  iron  working  that  was  already  well 
characterised  through  non-destructive  methods.  The  three  sites  were  sutveyed 
with  (a)  conventional  fluxgate  gradiometers  (FM36);  (b)  a  three-component 
fluxgate  gradiometer  and  (c)  a  Caesium  total  field  gradiometer  with  additional 
base-station.  The  combination  of  data  from  these  different  sources  provided  in¬ 
sight  into  the  organisation  of  the  sites.  Results  will  be  presented  that  highlight 
the  merits  of  the  individual  techniques  and  demonstrate  the  benefit  of  data 
integration  (this  research  was  funded  by  the  NERC). 
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GEOPHYSICS  FOR  ARCHAEOLOGICAL  PURPOSES  ON  THE 
TERRITORY  OF  KAZAN  KREMLIN,  KAZAN,  RUSSIA 

Z.  Slqiak 

Geological  Faculty,  Kazan  State  University 
2akhar.sIepak@ksu.ni/Fax:  +7  8432  320267 

Kazan  Kremlin  is  the  historical  monument  of  the  16-18  centuries  AD.  Major 
ancient  buildings  here  are  the  Sujiimbeki  Tower,  Spasskaya  Tower, 
Blagoveschensky  Cathedral,  and  8  preserved  watch-towers  which  are  connected 
by  the  Kremlin  stone  wall.  Since  1994,  when  Kazan  Kremlin  became  State 
Museum,  intensive  archaeological  excavations  are  accompanied  by  forestalling 
geophysics  comprising  high-precision  gravimetric  sun'ey,  electromagnetic 
sounding,  georadar  measurements  and  some  other  methods.  Geophysical 
investigations  permitted  to  contour  sites  of  preserved  remains  of  ancient 
buildings:  Spaso-Preobrazhensky  Cathedral,  Church  of  Kiprian  and  Ustinia, 
Bell  Tower  of  BIagovcschensk>'  Cathedral,  Holy  Gate,  wall  of  the  Cannon 
Smelting  House.  Gravimetric  data  indicated  remains  of  ancient  stone 
constructions  south  of  Blagoveschensky  Cathedral,  stone  wall  and  the 
destroyed  kiln  near  former  Military*  School  that  was  confirmed  in  the  course  of 
the  following  excavations.  There  have  been  located  supposed  remains  of 
ancient  buildings  in  the  cultural  layer  recommended  for  further  excavations. 
Electromagnetic  sounding  indicated  the  cultural  layer  to  be  1  to  7  m  thick 
resulting  in  vertical  total  conductivity  sections  with  lateral  inhomogeneitics 
supposedly  associated  with  the  remains  of  ancient  buildings. 


TWO  NEW  ARCHAEOMAGNETIC  RECORDS  FROM  SOUTH  KOREA 
Czango  Baag 

Dept,  of  Geophysics,  Kangwon  National  University,  Korea 
baag@cc.kang\von.ac.kr/Voice  and  Fax:  +82-361-250-8581 

Thirteen  samples  were  collected  from  several  remains  of  prehistoric  fireplaces 
of  the  Bronze  Age  located  at  Pyeongra-ri,  Boryeong-gun,  Chungnam  in  May 
1995.  The  samples  consists  of  pinkish  gray  baked  earth  with  low  magnetic 
susceptibilities.  Excluding  three  scattered  samples,  the  natural  remnant 
magnetization  directions  yield  a  mean  direction  of  D  =  1.0/7  =  59.5 
[k=  36.6,  Q95  =  8.1].  Although  the  data  appears  to  be  somewhat  scattered, 
the  mean  direction  seems  to  be  reliable.  Charred  grains  (barley,  wheat,  and 
beans),  charcoal,  dolmens,  and  stoneware  were  excavated  from  the  ancient 
housing  sites.  The  age  of  ca.1500  B.C.  was  estimated  from  these  ancient 
artifacts.  Twenty-three  samples  were  also  collected  in  June  1995  from  the 
draft  floor  of  an  old  kiln  of  ’Noborigama*  type  located  in  the  area  not  far 
from  the  above  prehistoric  remains.  Archaeologically,  the  estimated  age  of  the 
kiln  is  ca.  14  century;  however,  the  mean  direction  [D  =  352.2,  7  =  52.7)  of 
the  samples  is  very  similar  to  the  present  earth  field. 
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NEW  ARCHAEOMAGNETIC  STUDIES  IN  CHINA  AND  THEIR  USE  IN 
ELUCIDATING  GEOMAGNETIC  SECULAR  VARIATIONS 

(1),  Z.  Meng  (2)  and  M.  NBel  (3) 

(1)  Department  of  Archaeological  Sciences,  University  of  Bradford,  (2)  Department 
of  Applied  Geophysics,  Xi'an  Coliege  of  Geology,  (3)  GeoQuest  Associates,  Consett 
c.m.batt@  bradford.ac.uk/Fax:  +44-274-385190 

The  compilation  of  archaeomagnetic  data  for  secular  variation  curves  is  necessariiy 
time-consuming  and  piecemeai.  However,  regions  such  as  Shaanxi  Province  in  China  . 
have  great  potential,  with  many  well-documented,  independently  dated  fired  remains 
of  all  periods. 

This  paper  reports  on  archaeomagnetic  and  mineral  magnetic  studies  of  known-age 
samples  of  fired  structures  and  sediments  from  key  archaeological  sites  in  the 
vicinity  of  Xi’an.  The  fired  materials  are  shown  to  retain  a  stable  record  of  the 
direction  of  the  past  geomagnetic  field,  which  compares  well  with  previous  ahtdies 
and  contributes  to  an  understanding  of  secular  variation  in  the  region.  However, 
discrepancies  with  documented  observations  of  the  field  are  noted. 

Methods  of  smoothing  the  data  are  then  presented,  demonstrating  that  geomagnetic 
change  can  be  deiineated  by  relatively  few,  well-dated  samples.  Comparisons  are 
drawn  with  similar  treatment  of  analogous  UK  archaeomagnetic  data  in  periods 
where  the  measurements  of  direction  available  are  widely  and  unevenly  distributed 
through  time. 


DATING  STONE  BUILDINGS  AND  ROCK  MOVEMENTS  BY  VISCOUS 
REMAGNETIZATION 

Graham  Borradaile  (AGU,  EGS) 

Geology  Department,  Lakehead  University,  Thunder  Bay,  Canada  P7B  5E 1 
BotTadaile@LakeheadU.CA 

The  magnetic  mineralogy  of  certain  rocks  permits  a  remagnetization  of  selected  grains 
over  time  scales  similar  to  the  relaxation  times  of  their  remanences.  When  disturbed, 
they  may  come  to  rest  in  a  new  orientation  with  respect  to  the  Earth's  field,  either  by 
the  action  of  man  or  naturally,  as  for. example  in  a  land-slide.  At  that  time  the 
appropriate  grains  in  the  ferromagnetic  grain  population  start  to  progressively 
remagnetize  parallel  to  the  current  geomagnetic  field.  As  time  passes  the 
remagnetization  approaches  saturation  and  it  may  be  calibrated  using  historicaliy  dated 
buiidings  as  an  absolute  dating  technique  or,  more  generally,  used  as  a  relative  dating 
technique.  In  tests  in  Briuin  the  technique  has  a  resolution  of  25  years  for  structures 
1800  years  old  but  becomes  increasingly  less  precise  with  age.  The  method  may  aiso 
reveal  multiple  reorientations  of  rock  samples,  e.g.,  during  historical  reconstructions, 
or  landlside  phenomenon. 


DRIFT  OF  "MAIN'  PERIOD  OF  THE  GEOMAGNETIC  FIELDD 
INTENSITY . 

K.S.Burakov  and  LE.Nachasova  (United  Institute  of  Physics  of  the  Earth  RAS, 
Russia,  123810,Moscow,B.Gruzinskaja,10)  nig@uipe-ras.scgis.ru 

Theanalysis  oflongrows  of  archaeointensityforthesix  territoriesinlongitudinalsector 
27- 136  degrees  E(Bulgaria,  Caucasus,  Middle  Asia,  lake  Baikal  region,  China  and 
Japan)  allowsto  conclude,that"main"  periodofarchaeointensity 
variations  may  be  estimated  as  about  8000  years.Examination  ofphases  of  this 
variationfor  different  regionsshowed,  that  thereistheeastwarddrift,which  velosity  is 
0.25  degree  peryear.  Amplitude  ofSOOO-yearsvariation  is  about  10  A/m  and  changed 
from6  A/m  for  China  up  to  12  A/m  for  Middle  Asia  and  Georgia.The 
highestdeflecxionofphasesfrom  linear  longitudinal  dependence  is  for  regionoflake 
Baikal  and  China.Itis  probably  connected  withwild  limits  of  dating  of 
archaeologicalmaterialsand  forlack  ofnumber  of  determinations.  From  the  another 
sidetheremaybe  the  latitudinal  dependence  ofthis  variation,as  lake  Baikal  ison  14 
degreesnorthly  and  Chinaon  6  degrees  southly  of  the  rest  territories  (about  40  degrees 
N). 


200-yrs  VARIATION  OF  THE  PALEOINTENSITY . 

S.P.Burlatskaja  (United  Institute  of  Physics  of  the  Earth  RAS,  Russia, 
I23810,Moscow,B.Gruzinskaja,10)  nig@uipe-ras.scgis.tu 

The  comparision  of  the  paleointensity  change  during  the  last  4000  years  for  the 
Caucasus  and  Central  Asia  allows  to  reveal  the  variation  with  period  about  200  years. 
Its  amplitude  increases  from  2  mkT  in  c.XVII  B.C.  to  12  mkT  in  c.VII  B.C.  In  c.VII 
B.C.  the  sharp  decrease  of  paleointensity  took  place.  After  that  the  amplitude  of  the 
variation  was  stable;  its  mean  values  was  about  4  mkT.  This  effect  is  more  distinct  for 
Central  Asia;  for  the  Caucasus  it  is  smoothed.  This  phenomenon  proceed  Etrassia 
excursion. 


ARCHAEOMAGNETIC  DATING  IN  MACEDONIAN  KILNS 
(N.  GREECE) 

M.E.  Evans  (It  DP  Knndonoulou  (2).  V.S  Spatharas  (2)  and  E.V. 
Aidona  (2) 

(1)  Institute  of  Geophysics.  Univ.  of  Alberta.  Edmonton  T6G  2JI,  CA 

(2)  Geophysical  Lab.,  Univ.  of  Thessaloniki.  54006,  GR 

Archaeomagnetic  investigations  at  several  sites  in  N.  Greece  are  in 
progress  since  1995.  Twelve  of  them,  mostly  kilns,  have  been  sampled 
by  standard  techniques  and  directional  measurements  for  eight  kilns 
have  already  been  reported  (  EGS  XXll,  1997).  The  date  range  is 
classical  to  post  Byzantine  (300  BC-1500  AD).  We  present  here  further 
studies  on  this  collection  which  include  :  a)  Lowrie  -  Fuller  tests, 
thermomagnetic  and  IRM  analysis  and  an  intensity  result  for  site  D1 
which  allowed  the  dating  of  a  glass  kiln  at  820-870  AD.  This  result  was 
confirmed  by  the  finding  of  contemporary  coins  b)  The  anomalous 
behaviour  of  site  AL  which  did  not  allow  any  calculation  of  a  mean 
direction  is  attributed  to  the  considerable  anisotropy  of  the  material,  c) 
By  using  reference  curves  for  Bulgaria  -  after  convening  I  values  -  we 
have  been  able  to  give  dating 'estimations  for  sites  EV  (  100-300  BC), 
LM  (  200-400  AD)  and  LC  (  500-620  AD)  .  all  confirmed  by 
archaeologists,  d)  In  Louloudia  (LC,  LM)  detailed  susceptibility 
measurements  on  samples  from  cross-sections  have  defined  the  most 
intense  levels  of  human  activity  ,  e)  Finally  directional  data  from  the 
four  new  kilns  are  in  progress . 


Geomagnetic  evidence  for  the  time-selecting  concept  of  Ancient  Chinese 
health  promotion 

Yih  Jeng  and  Kuang-Jung  Chen  (Department  of  Earth  Sciences,  National  Taiwan 
Normal  University,  Taipei,  Taiwan) 

The  time-selecting  concept  is  deeply  embedded  in  the  Chinese  culture  especially  in 
the  field  of  Chinese  medicine,  acupuncture,  and  chigong-an  interdisciplinary 
health  promotion  method  includes  physical,  menial,  and  breathing  training 
(similar  to  Yoga  or  meditation  which  has  been  known  by  the  western  world).  We 
determined  the  effect  of  geomagnetic  variations  on  the  time-selecting  concept  by 
e.\amining  a  statistical  result  of  the  most  favored  periods  and  the  characteristic  of 
geomagnetic  variation  in  those  periods.  We  searched  the  literature  related  to  the 
health  promotion  in  archives  starting  from  I4th  centuiy  to  recent  times.  Our 
investigation  shows  that  the  hours  between  II  p.m.  and  7  a.m.  (four  ancient 
Chinese  time  periods)  are  the  significantly  favored  periods  for  practicing  chigong 
and  other  health  promotion  exercises  and  that  1  a.m.  to  5  a.m.  (two  ancient 
Chinese  time  periods)  are  the  most  favored  periods.  We  analyzed  the  year-round 
relative  occurrence  frequencies  of  the  daily  geomagnetic  stable  periods  and 
correlated  the  geomagnetic  data  with  the  health  promotion  period.  The  result 
indicates  that  the  ancient  Chinese  health  promotion  periods  coincide  with  the 
geomagnetic  stable  period  of  a  day.  This  result  may  shed  some  light  on  the 
hypothesis  that  a  stable  geomagnetic  dipole  field  is  good  for  human  health. 
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INTERLABORATORY  COMPARISON  OF  ARCHAEO- 
INTENSITY  STUDY  AND  ANISOTROPY  EFFECT 

Mary  Kovacheva  O').  Annick  Chauvin  (2).  Neli  Jordanova  (I),  Vassil 
Karloukovski  (1)  and  Jannick  Garcia  (3) 

(1)  Geophysical  Institute,  Sofia,  BAS;  (2)  Lab.  of  Internal  Geophysics, 
University  of  Rennesl;(3)  Lab.  d'Archeometrie,  University  of  Rennesl. 
marykov'SJgeophys.acad.bg  FAX:  (3592)700226 

Archaeointensitx  determinations  over  the  sister  specimens  using  the  Thellier 
type  experiment  performed  in  two  different  laboratories  are  compared  These 
laboratories  are  the  Laboratory  of  Internal  Geophysics.  Univ.of  Rennesl  and 
the  Palaeomagnetic  lab.  of  the  Geophysical  Institute,  Sofia.  This  comparison 
showed  a  very  good  consistency  between  the  results  obtained  in  two 
laboratories.  The  often  insufficient  burning  of  the  used  materials  can  cause  a 
great  inter-site  scatter  of  the  palaeointensity  results  which  acquires  additional 
rock-magnetic  studies.  Two  methods  are  applied  to  estimate  the  possible 
magnetic  anisotropy  effect  on  the  intensity  results:  through  TRM  anisotropy 
tensors  (Rennes  lab.)  and  through  week  IRM  anisotropy  tensors  (Sofia  lab  ). 
Both  have  shown  a  negligible  effect  of  magnetic  anisotropy  in  the  materials 
from  the  prehistoric  ovens.  The  applicability  of  the  nondestructive  method  of 
evaluation  of  the  anisotropy  effect  through  calculation  of  the  anisotropy 
tensor  of  induced  week  IRM  is  discussed. 


SECULAR  GEOMAGNETIC  VARUTIONS  AND  DATING 
OF  THE  ARCHAEOLOGICAL  REMAINS 

M.  Kovacheva  ( 1 ).  D.  Gergova  (2),  N.  Jordanova  (1)  and  V.  Kirov  (3) 
(1)  Geophysical  Institute,  Sofia,  (2)  Archaeological  Institute,  Sofia 
(3)  Sofia  University,  Dept,  of  Geophysics 
marykov(ggeophys. acad.bg  FAX:  (3592)700226 

Recent  archaeological  excavations  in  NE  Bulgaria  discovered  the  next  big 
Thracian  tomb,  constructed  by  stones  in  the  hill  No30  of  the  complex 
Sborjanovo.  The  tomb  is  dated  4-3c.  BC.  In  front  of  the  tomb's  entrance  the 
remains  of  weakly  burnt  earth  have  been  found.  In  the  very  close  proximity, 
the  remains  of  large  fireplaces  (eshairae),  situated  in  the  tumulis.enbankment 
(small  hill  No28)  were  found.  We  have  sampled  the  remains  of  the  burnt  clay 
and  an  e.xtenssive  archaeomagnetic  study  has  been  undertaken  The 
archaeologist's  supposition,  without  having  fount  sufficient  archaeological 
evidences,  was  that  these  remains  are  of  the  same  time  period  (4-3c.  BC). 
Our  results  compared  with  the  previouslj  established  geomagnetic  master 
curves  show  that  the  archaeological  dating  is  not  acceptable  The  results  from 
a  similar  fireplace  from  the  same  complex  (hill  No35)  are  also  discussed  in 
the  light  of  non-agreement  between  the  geomagnetic  results  and 
archaeological  dating. 


BAYESUN  APPROACH  USING  PENALIZED  MAXIMUM  LIKELIHOOD 
TO  SMOOTHING  TIME  SERIES  CARRING  ERRORS  BOTH  ON  TIME 
AND  MEASURE  :  CONSEQUENCES  FOR  ARCHAEOMAGNETISM 

Ph.  LANOS  fn 

(1)  Laboratoire  d'Archfemdtrie,  Univeisitd  de  Rennes  1,  Campus  de  Beaulieu, 
35042  RENNES,  Philippe.Lanos@Univ-RennesI.fr  / Fax  +33  2  99  28  69  34 

We  will  present  a  statistical  tool  which  allows  to  Itansfonn  the  measurements 
(inclination,  declination  or  intensity)  of  the  components  of  the  TMF  into  a  mean 
reference  curve  versus  time,  with  a  confidence  interval,  and  which  takes  into 
account  both  errors  on  the  magnetic  measures  and  the  errors  on  the  dates  assigned 
to  the  reference  sites.  Usually,  the  date  of  the  last  heating  for  a  baked  clay  is 
indicated  as  a  time  interval  with  uniform  probability.  We  will  show  how  the 
bayesian  approach  which  is  based  on  the  «  penalized  roughness  »  in  the  context  of 
non-parametric  regression,  allows  to  remove  the  difficulties  due  to  the  moving 
average  technique  currently  used  in  the  elaboration  of  smoothed  curves.  On  the 
other  hand,  we  will  propose  an  improvement  of  the  transformation  process  of  a 
magnetic  result  into  a  date.  We  suggest  to  use  an  algorithm  very  close  to  the  one 
used  for  the  dendrochronological  calibration  of  radiocarbon  dates.  In  this  way,  it 
becomes  possible  to  obtain  a  chronological  solution  (simple  or  multiple)  as  a 
probability  function,  which  can  be  summarized  by  an  interval  of  date  defined  for  a 
fixed  level  confidence.  Thus,  this  date  interval  will  depend  on  the  measurement 
errors  and  on  the  quality  of  the  secular  variation  reference  curve  available. 


COMPARAISON  OF  THREE  SMOOTHING  ALGORITHMS  PERFORMED 
ON  THE  HEIGHT  MILLENNIUM  ARCHEOLOGICAL  DATA  FROM 
BULGARIA. 

M.  Le  Goff  (1),  M.  Kovacheva  (2),  P.  Lanos  (3)  and  L.  Daly  (1) 

(1)  Laboratoire  de  Geomagnetisme,  IPGP,  Saint-Maur,  France,  (2)  Geophysical 
Institute,  Sofia,  Bulgaria,  (3)  Laboratoire  d'Archeometrie,  Campus  de  Beaulieu, 
Rennes  1,  France  legoff@ipgp,jussieu.fr  /  fax  +33  1  45  1 1  41  90 

More  than  the  final  drawing  of  the  height  millennium  variation  curve  of  the  Terrestrial 
Magnetic  Field  (TMF)  in  Sofia  (Bulgaria),  the  topic  of  this  study  is  to  discuss  some 
peculiarities  of  the  raw  data  and  the  meaning  of  statistical  parameters  in  use  in  Sofia 
and  in  other  laboratories.  Analysis  of  the  most  time  extensive  archaeological  data  set 
recently  updated  by  Kovacheva  (1997),  offers  the  opportunity  to  use  more  than  150 
fire  places  where  all  the  three  components  of  the  TMF  (Inclination  I,  Declination  D, 
Intensity  F)  are  provided.  These  data  come  from  a  small  geographic  area,  have  a  wide 
range  of  measurement  and  dating  precision,  and  provide  a  good  example  of  the 
treatment  of  extracted  sub-populations.  Comparison  with  results  of  other 
archaeological  data  sets  shows  clearly  the  importance  of  sampling  accuracy  and 
sample  size  and/or  cutting.  When  the  three  different  smoothings  are  made,  simple  to 
sophisticated,  the  mean  curves  show  a  good  agreement.  The  directional  values 
obtained  with  the  best  precision  factor  are  close  to  the  mean  curve,  although  the 
intensity  data  do  not  agree  as  closely.  This  last  observation  seems  to  show  that  the  two 
dispersions  don’t  have  the  same  probabilistic  origin. 


ASSESSMENT  OF  THE  MOVING  WINDOW  METHOD  OF  SECULAR  VARIATION  CURVE 
CONSTRUCTION:  ANALYSIS  OF  THE  BLINMAN  PROBLEM 

S.  Lengvel  (I).  J.  Eighmy  (I) 

(I)  Dcpaitment  of  Aiilhropotogy.  Colorado  Suie  Univcrsily,  Ft.  Colliiu  CO  80523-1787  USA 
(970)  491.77«2  llenB  tl@lamar.ColoSule.edu0’ax:(970)  491-7597 

S^ion;  SE  35  Aictiacology  and  Aichaeomagnetism;  Title  02  Archaeomagnetism  and  Secular  Variations 
Conveners:  Dr.  Mary  Kovacheva,  Dr.  Annick  Chauvin 
Preference  for  oral  presentation 

EGS  Support  Award  applied  for:  Keith  Runcorn  Travel  Award 

Archaeomagnetic  dales  are  generally  determined  by  comparing  the  direction  of  the  thermommanent 
magnetization  fTRM)  of  burnt  archaeological  features  such  as  heanhs,  kilns,  and  habitation  floors  to  a 
reference  curve  of  the  geomagnetic  secular  change  for  the  particular  regions  of  the  collected  feature.  The 
precision  and  accuracy  of  the  dates  depend,  in  part,  on  the  precision  and  accuracy  of  the  reference  curve, 
and  the  quality  of  the  reference  cuive  depends,  in  turn,  on  the  data  used  to  produce  the  curve.  Continuing 
efforts  to  improve  the  quality  of  the  U.  S.  Southwest  archaeomagnetic  reference  curve  have  led  10  the 
addition  of  23  high  qualily,  independently  dated  prehistoric  vimial  geomagnetic  poles  to  the  current  U.  S. 
Southwest  data  set  They  have  also  resulted  in  an  assessment  of  Sternberg's  (1982)  stalislical  methods 
employed  in  constructing  the  curve.  Certain  problems  with  the  eurrently  accepted  moving  window 
method  ofeuive  construction  have  been  recognized  (Eighmy  el  a).  1993).  Cox  and  Blinman  (1996) 
identity  one  such  problem  involving  the  way  the  curve  it  drawn  in  areas  where  it  Icops  back  on  itself. 

Due  to  the  averaging  statistics  employed,  poles  that  plot  on  the  inside  of  the  curve  lend  to  systematically 
pull  the  curve  to  the  inside,  generating  lighter  loops  and  kinks  in  the  master  curve.  In  order  lo  Drily 
artdress  this  problem,  steps  have  lo  he  taken  to  flrst  prove  its  existence,  and  then  quantitalively  assess  its 
magnitude.  Running  historically  known  pole  positions  through  the  curve  building  program  and 
comparing  the  resulting  curve  lo  a  -hand-drawn"  one  is  one  method  of  addressing  this  problem.  Another 
is  lo  use  the  curve  building  program  lo  build  a  hypolherical  curve  from  known  points  Ilut  simulates  the 
shape  of  SWCV595.  and  lo  then  move  the  points  around  in  order  lo  determine  how  their  relative  positions 
affect  the  overall  shape  of  the  curv  e. 


FINE-TUNING  THE  PALAEOSECULAR  VARIATION  RECORD 
FROM  FISH  LAKE,  OREGON,  WITH  ARCHAEOMAGNETIC 
RESULTS  FROM  THE  NEARBY  LOST  DUNES 
ARCHAEOLOGICAL  SITE 

Jeffrey  P.  Light  (1),  Kenneth  L.  Veiosub  (1)  and  Peter  J.  Mehringer,  Jr.  (2) 

(1)  Dept,  of  Geology,  Univ.  of  California-Davis  (2)  Dept,  of  Anthropology, 
Washington  State  Univ. 

ven)sub@geoIogy.ucdavis.edu/Fax:  1-530-752-0951 

The  paleomagnetic  record  from  Fish  Lake  in  eastern  Oregon  has  been  proposed  as  a 
master  curve  for  Holocene  secular  variation  in  the  Pacific  Northwest  of  North 
America.  The  Lost  Dunes  archaeological  site,  also  located  in  eastern  Oregon,  has  a 
radiocarbon  age  of  300±100  yr.bp.  An  archaeomagnetic  study  of  six  heanhs  from 
that  site  has  yielded  a  paleomagnetic  direction  that  is  not  concordant  with  the 
corresponding  point  on  the  Fish  Lake  curve.  However,  removal  of  a  5°  inclination 
correction  that  was  originally  applied  to  the  Fish  Lake  curve  produces  concordance 
in  the  paleomagnetic  direction.  The  need  for  the  inclination  correction  was  inferred 
from  a  comparison  of  the  paleomagnetic  direction  of  the  6,900  year-old  Mazama 
tephra,  found  near  the  base  of  the  Fish  Lake  core,  with  the  paleomagnetic  results 
from  lava  flows  erupted  at  the  same  time  as  the  Mazama  tephra.  The  new 
archaeomagnetic  results  suggest  that  the  paleomagnetic  record  from  Fish  Lake  has 
experienced  progressive,  downcore  inclination-shallowing  due  to  compaction. 
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MICROWAVE  ARCHAEOINTENSITY  RESULTS  FROM  EGYPTIAN 
CERAMICS. 

John  Shaw  (Liverpool),  Hatem  Odah  (Cairo),  Shanlin  Yang  (Liverpool). 
5haW@liV.aC.uk. 

Ceramic  sherds  have  been  collected  from  50  Egyptian  sites  ranging  in  age  from  1000 
AD  to  3000  BC.  Several  ceramic  samples  from  each  site  have  been  analysed  using  an 
8GH2  microwave  cavity  to  demagnetise  the  NRM  and  to  give  a  TRM  in  a  modified 
version  of  the  Thellier  experiment.  Samples  were  very  small  cores  (5min  diameter  and 
3mm  long)  and  were  analysed  on  an  automated  system  incoiporating  a  SQUID 
magnetometer.  Each  sample  was  individually  corrected  for  cooling  rate  before 
calculating  the  archaeointensity  value.  The  archaeointensity  results  will  be  presented 
and  compared  to  existing  results  from  the  Mediterranean  region. 


Updated  Geomagnetic  Dipole  for  the  period  0-12,000  Years 

S.  Yana.  J.  Shaw  and  P.  Dagley 

Geomagnetism  Laboratory,  The  University  of  Liverpool, 

Oxford  Street,  Liverpool,  L69  7ZE,  United  Kingdom 

An  analysis  has  been  made  of  all  archaeointensity  data  for  the  past 
12,000  years.  There  are  3,243  results  from  different  areas  of  the  world 
covering  the  past  12,000  years.  2,203  from  the  European  region,  1040 
from  the  rest  of  the  world.  Data  analysed  in  the  present  study  is  almost 
three  times  that  used  by  McElhinny  and  Senanayake  15  years  ago. 
Although  there  is  no  significant  difference  between  the  updated  global 
model  and  the  previous  one,  the  result  for  non-european  region  has  been 
improved.  By  comparing  results  from  different  region  of  the  world,  we  can 
better  define  the  behaviour  of  the  geomagnetic  field. 


HISTORIC  MELTING  PLACES;  SOURCE  OF  PALEOFIELD 
INFORMATION 

H.J.  Mauritsch  (Instimt  fuer  Geophysik,  University  of  Leoben,  Franz-Josef-Strasse 
18, 8700  Leoben,  Austria) 

R.  Scholger  (Institut  fuer  Geophysik,  University  of  Leoben,  Palaeomagnetiklabor, 
Gams  45, 8130  Frohnleiten,  Austria) 

During  the  last  years,  several  bronce  age  melting  places  were  investigated  in  order 
to  test  the  possibility  of  paleomagnetic  age  dating  as  well  as  investigating  the 
paleointensity  of  the  earth  field.  The  usual  material  used  for  these  investigations 
belongs  to  the  oven  wall  or  the  slag  from  the  last  melting  process.  Refraction  effects 
as  well  as  dislocalized  fragments  of  the  oven  caused  usually  a  large  seatter  in  the 
paleomagnetic  dataset.  Because  of  this  problems,  the  suitability  of  the  burned  soil  in 
the  basement  of  the  roast  beds  were  tested.  In  these  roastbeds  the  ore  becomes 
oxydized  by  burning  off  the  sulfur  at  temperatures  of  about  600  to  900°C.  The 
temperatures  at  the  bottom  is  estimated  by  looking  at  the  colour.  The  change  from 
black  to  red  is  usually  found  to  be  at  about  250°C,  The  thickness  of  this  layer  varies 
between  5  and  15  cm.  The  minerals  found  in  this  layer  are  geothite  and  haematite, 
minor  magnetite.  The  scatter  of  the  paleomagnetic  data  is  dominated  by  the 
grainsize  of  the  soil  respectively  the  geometric  accuracy  of  the  individual 
sample.The  paleointensity  was  estimated  by  using  the  techniques  of 
Thellier&Thellier  ,Shaw  and  Kono  and  found  to  be  sufficient  in  the  temperature 
range  between  250  and  400°C. 


POWER-SPECTRAL  ANALYSIS  OF  ARCHEOMAGNETIC  AND 
SECULAR  VARIATIONS 
J.D.  Pelletier 

Mail  Code  150-21,  Caltech,  Pasadena,  CA  91125,  USA. 
j  onOgps .  caltech .  edu/Fax:  626-585-1917 

Power  spectral  analyses  of  the  dipole  moment  of  the  earth’s  magnetic  field 
inferred  from  ocean  sediment  cores  of  Meynadier  et  al.  and  archeomagnetic 
data  from  Kovacheva  from  time  scales  of  100  yr  to  4  Myr  have  been  carried 
out.  The  power  spectrum  is  proportional  to  1//  where  /  is  the  frequency.  These 
analyses  compliment  previous  work  which  has  established  a  1//^  spectrum  for 
variations  at  time  scales  less  than  100  yr.  These  results  suggests  that  smoothing 
of  data  can  be  misleading;  geomagnetic  variations  are  significant  on  all  time 
scales.  Power  spectral  analyses  of  inclination  and  declination  inferred  from  lake 
sediments  from  time  scales  of  10  yr  to  30  kyr  have  also  been  performed.  The 
spectra  are  constant  above  time  scales  of  3  kyr,  proportional  to  1//^  from 
time  scales  of  500  yr  to  3  kyr,  and  constant  again  below  time  scales  of  500 
yr.  The  3  kyr  time  scale  is  associated  with  the  decay  time  of  the  quadrupole 
moment.  We  test  the  hypothesis  that  reversals  are  the  result  of  variations  in 
dipole  intensity  with  a  1//  spectrum  which  occasionaliy  are  large  enough  to 
cross  the  zero  intensity  v^ue.  Synthetic  binormal  time  series  with  a  1//  power 
spectrum  representing  variations  in  the  earth’s  dipole  moment  are  constructed. 
Synthetic  reversals  from  these  time  series  exhibit  statistics  in  good  agreement 
with  the  reversal  record. 


A  GERMAN  ARCHAEOMAGNETIC  SECULAR  VARIATION  CURVE 
FROM  loop  TO  1800  AD 

E  SchnePD  (1)  and  R  Pucher  (2) 

(1)  NLfB-GGA  Aibeitsbereich  Grabenhagen,  Germany,  (2)  NLIB-GGA  Hannover, 
Germany,  Eschnepp@aoLcoin/Fa\:  -^49-5562-387 

An  archaeomagnetic  secular  variation  curve  for  Germany  will  be  presented  based 
on  recent  paleomagnetic  measurements  carried  out  on  archaeological  sites  in 
(jemiany  and  a  collection  of  published  archaeodirections  from  the  surrounding 
countries.  The  German  archaeological  sites  have  been  investigated  by  using 
standard  paleomagnetic  and  rock  magnetic  methods.  Samples  have  been  taken 
mainly  from  kilns  which  were  preserved  from  the  epoch  of  the  Romans  or  from  the 
epochs  between  the  middle  age  and  the  18'*'  century. 

Following  the  authors  for  the  French  or  British  archaeomagnetic  master  curves  an 
area  of  similar  size  is  used  to  obtain  an  averaged  secular  variation  curve  for 
Germany.  This  area  ranges  from  3  to  15°E  in  longitude  and  47.5  to  57.5°N  in 
latitude.  Therefore  also  a  part  of  the  French  data  and  furthermore  published 
archaeodirections  from  the  Netherlands,  Denmark,  and  Belgium  can  be  included  in 
the  data  set  for  the  curve.  Geographical  and  age  distribution  of  the  data  set  is  very 
uneven  but  for  the  time  interval  1000  to  1800  AD  at  least  5  data  points  per  50  year 
interval  can  be  used  to  calculate  an  average  curve.  This  curve  clearly  devrates  from 
the  French  or  British  master  curves.  It  is  clear  that  much  more  work  is  neccessary 
to  obtain  a  data  set  which  will  establish  a  master  curve  for  Germany. 


COMPARISON  BETWEEN  REMANENT  MAGNETIZATIONS  OF 
VESUVIUS  PYROCLASTITES  OF  79  A.D.  AND  POMPEI  MURAL 
PAINTINGS 

E.  Zanella  (1),  L.  Gurioli  (2),  A.  Ciarallo  (3),  R.  Cioni  (2)  and  R.  Lanza  (I) 
(I)  Dip.  Scienze  della  Terra,  Universita  di  Torino,  (2)  Dip.  Scienze  della 
Terra,  Universita  di  Pisa,  (3)  Soprintendenza  Archeologica,  Pompei. 
lanzal^dsmpOO.dsmp. unito.it  /  Fax:  -*-39-1 1-6707155 

Many  mural  paintings  survived  the  Vesuvius  79  A.D.  eruption  that  destroyed 
Pompei  and  Ercolano.  Red  colour  specimens  were  collected  in  four  buildings 
and  investigated  according  to  Ae  usual  palaeomagnetic  techniques. 
Notwithstanding  the  very  low  magnetization  intensity,  in  most  specimens 
stepwise  alternate  field  demagnetization  isolated  a  stable  characteristic 
component  and  the  mean  directions  were  statistically  significant  at  three  sites. 
They  are  consistent  with  the  palaeomagnetic  directions  from  the  pyroclastic 
flow  that  buried  both  cities,  which  were  derived  from  literature  data  and  two 
new  sampling  sites  (D  =  351,  1  =  58.5,  alpha-95  =  1.7°).  These  results  show 
that  pictorial  remanent  magnetization  carried  by  red  coloured  paintings  is  a 
reliable  record  of  the  Earth’s  magnetic  field. 
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ANALYSIS  OF  GRAVITY  DATA  WITH  3-D  HILBERT  TRANSFORMATION 
N.  Alcvoirn.R.Pinaffn 

(1)  Department  Of  Geophysics,  Dokuz  Eylul  University,  35100,  Izmir,  TURKEY, 
E-mail:  nbecerik@izmir.eng.deu.edu.tr,  Fax:+90-232-388-7864 

Three-Dimensional  Hilbert  Transformation  (3-D  H.T.)  can  be  used  to  estimate  the 
structural  parameters  with  the  use  of  derivatives  in  x,  y,  z  direction  of  the  potential 
field  data.  Up  to  now,  3-D  H.T.  has  successfully  appli^  to  ^thetic  magnetic  data. 

2- D  H.T.  technique  is  of  a  limited  applicability  b^use  of  the  implicit  assumption 
that  the  source  is  linear  and  2-D  body  oriented  at  right  angles  to  the  profile 
direction.  However,  3-D  H.T.  has  no  limits  in  applicability  and  it  can  be  used  for  all 

3- D  anomalies.  To  explore  the  applicability  of  3-D  H.T.  to  the  gravity  potential 
problems,  the  method  was  also  applied  to  several  synthetic  gravity  data.  A  priori 
known  boundaries  and  comers  of  the  synthetic  data  were  successfiUly  determined. 
Dips  of  a  fault  and  an  inclined  dike  model  which  are  not  possible  to  ^termine  with 

2- D  H.T.,  can  be  obtained  tvith  3-D  H.T.  procedures  Finally,  gn  components  of 
gravity  potential  anomalies  can  also  be  derived  through  the  3-D  H.T.  besides  the 
procedures  of  the  Laplace  Difierential  Equation  which  has  been  used  up  to  now. 

3- D  H.T.  was  also  be  applied  to  gravity  data  of  Western  Turkey  Region  to  find  out 
the  tectonic  lines.  The  most  prominent  structural  and  morphological  feature  of  the 
western  Turicey  extensional  province  are  E-W  trending  normal  active  fault  system 
which  bounds  the  grabens.  They  may  sole  into  sub-horizontal  zones  in  the 
uppermost  lower  crust  and  therefore  have  a  listrict  geometry. 


APPUCATION  OF  THE  HILBERT  TRANSFORM  AND  POWER  SPECTRA 
IN  THE  POTANTIAL  FIELDS 

O.  Ankavaf  1 ),  O.MdeiTOl  1 ),  Z.  Akfig  ( 1 ),  R.Pmar  ( 1 ) 

( 1 )  Dokuz  Eylfll  University,  Faculty  of  Engineering  Dept,  of  GeophysicsHomova  -Izmir , 
Turkey.  oanlmya«tznur.eng.deu.edu.tr,  Fax:90-232-3887864 

In  this  study,  the  model  parameters  of  the  structures  with  known  analytical 
expressions  were  estimated  by  using  power  spectra  and  Hilbert  Transform  in 
Gravity  and  SP  methods.  The,  power  spectra  expressions  of  a  sphere,  cylinder, 
horizontal  semi-infinite  sheet,  dike,  fault  models  in  the  Gravity  method  and  an 
inclined  thin  rod,  horizontal  cylinder  models  in  the  Spmethod  were  obtained  by 
taking  analytical  Fourier  and  Hartley  Transforms.  By  examing  both  analytic  and 
discrete  power  spectrums  of  the  models,  we  observed  that  the  slope  of  the  spectra 
was  related  with  the  model  depth  and  that  the  amplimde  of  the  spectra  was  related 
with  other  parameters  such  as  density,  mass  and  thickness.  Thus,  in  the  power 
qrectra  applications  of  the  potantial  field  data,  the  depth  estimation  can  be 
achieved  the  expression  slope=-2h.  Also,  the  Hilbert  Transform  was  used  to 
estimate  the  model  parameters.  The  expressions  for  model  parameters  were 
xiblained  by  mathematical  approximation  methods  using  analytic  horizontal  and 
vertical  components  of  the  Hilbert  Transform.  In  the  application  to  the  real  data,  to 
obtain  better  gradients  in  the  Hilbert  Transform  the  noise  in  the  anomalies  was 
filtered  out.  Then  the  model  parameters  were  calculated  by  the  gradients  of  the 
filtered  anomalies.  These  two  methods  applied  to  one  dimensional  Gravity  data  and 
the  models  were  obtained.  This  study  shows  that  the  results  from  each  method  are 
in  accordance  and  they  should  be  tired  together  to  estimate  the  model  parameters 
from  the  potantial  field  data. 


ON  THE  STRUCTURE  OF  THE  MAGNETIC  FIELD  AT  THE 
CORE-MANTLE  BOUNDARY 
L.  Ballani,  D.  Stromeyer  and  H.  Greiner-Mai 

GeoForschungsZentrum  Potsdam  (GFZ),  Albert-Einstein-Strasse  (Telegrafen- 
berg),  Haus  G,  Potsdam,  D-14473  Germany. 
balOgfz-potsdan.da/Fax:  [49]  331  288  1163 

The  calculation  of  the  coupling  torques  between  core  and  mantle  (core-mantle 
coupling)  requires  the  knowledge  of  the  magnetic  field  at  the  core-mantle 
boundary.  This  field  is  calculated  by  means  of  a  regularizing  algorithm  of  the 
(unstable)  continuation,  which  generates  the  non-harmonic  downward  contin¬ 
uation  in  the  case  of  spherically  symmetric  electrical  conductivity  in  the  lower 
mantle.  The  outer  boundary  values  at  the  earth’s  surface  are  taken  from  the 
coefficient  functions  jnm(f).  hnm(f)  of  the  standard  spherical  harmonic  expan¬ 
sion  for  a  time  interval  covering  the  last  one  hundred  years.  The  magnetic  field 
at  the  core-mantle  boundary  depends  on  the  assumed  mantle  conductivity  and 
the  time  structure  of  the  boundary  values.  We  present  predictions  of  the  core¬ 
mantle  boundary  field  up  to  degree  and  order  5  for  different  assumptions. 


PALAEOROTATION  AND  CHANGES  IN  TIME  OF 
THE  EARTH’S  INTERNAL  STRUCTURE 

C.  Beghein’,  S.  Tomecka-Suchon^,  C.  Denis^.  Y.  Rogister®  and  P.Varga^ 

'  Institut  de  Physique  du  Globe  de  Paris,  4  Place  Jussieu,  F-752.52  Paris 
*  AGH,  Institute  of  Geophysics,  30  al.  Mickiewicza,  PL-30059  Krakow 
®  Institut  d’Astrophysique  et  Geophysique.  5  av.  de  Cointe,  B-4000  Liege 
■'  Geodetic  and  Geophysical  Research  Institute,  POB  5,  H-9401  Sopron 

There  is  observational  and  theoretical  evidence  that  the  Earth's  despinning 
rate  was  much  smaller  —  by  factor  of  about  5  —  in  the  Proterozoic  than  in  the 
Phanerozoic.  According  to  Varga  et  al.  [  J.  Geodynamics,  25  (1998),  61-84], 
the  available  fossil  clock  data  suggest  that  the  length  of  the  day  (LOD)  was 
increasing  on  the  average  about  3.5  s  per  million  years  during  the  Proterozoic, 
i.e.  roughly  between  2500  and  640  million  years  ago.  During  the  Phanerozoic 
(between  640  million  years  ago  and  the  present  epoch)  the  average  increase  of 
LOD  was  about  18  s  pet  million  years.  Thus,  tidal  despinning  was  much  less 
important  in  the  remote  past  when  the  Moon  was  closer  to  the  Earth  and, 
therefore,  should  have  raised  larger  tides.  The  most  likely  explanation  of  this 
paradoxical  result  is  that  the  Proterozoic  oceanic  tidal  dissipation  rates  were 
very  small  compared  to  what  they  were  on  the  mean  during  the  Phanerozoic 
and  what  they  are  today.  Nevertheless,  reordering  of  mass  through  diffusion, 
fractionation  and  sedimentation  processes  may  have  played  a  role  as  well.  Our 
work  is  more  particularly  concerned  with  core  formation  and  core  evolution  as  a 
possible  factor  of  speeding  up  the  Earth’s  rotation  throughout  the  Proterozoic. 


COMBINED  GEOPHYSICAL  RESEARCH  WITHIN 
NORTH  DOBROGEA  OROGENE,  ROMANU 

Lucian  Besutiu.  Adrian  Nicolescu,  Paul  Cristea,  Bogdan  Stanchevici 
Geological  Survey  of  Romania,  Geophysics  of  Litosphere  Dept, 
e-mail:  besutiu@IGR.RO-,  fa.x:  401-312.84.44 

The  paper  mainly  deals  with  the  problem  of  data  representation  in  order  to 
properly  point  out  the  connections  between  different  geophysical 
information.  Detailed  geophysical  research  (magnetics  and  gravity)  have 
been  carried  out  within  northern  North  Dobrogea  Orogene,  near  the 
Ukrainian  state  border,  allowing  the  achievement  of  some  2  D  and  3  D 
tentative  interpretative  models.  To  offer  a  depth  control  to  the  potential  field 
based  structural  models,  three  refraction  seismics  lines  were  added.  By  using 
various  potential  field  transformations  interesting  correlation  between 
gravity,  magnetics  and  seismics  data  were  revealed.  Thus,  while  the  Bouguer 
and  geomagnetic  anomaly  maps  do  not  evidenced  obvious  correlation,  the 
vertical  gradient  of  gravity  data  offered  a  rather  similar  pattern  to  the 
geomagnetic  anomaly.  On  the  other  hand,  basic  igneous  rocks  within  the 
basement,  pointed  out  by  geomagnetic  highs  and  weak  gravity  ma.xims,  were 
reflected  in  local  increasing  of  the  elastic  waves  velocities. 
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INTRODUCING  LONG  WAVELENTHES  IN  GLOBAL  MAGNE¬ 
TIZATION  MODELS  TO  DELINEATE  AGE  PROVINCES 

Y.  Cohen  (1)  and  M.  Purucker  (2) 

(1)  Institut  de  Physique  du  Globe  de  Paris,  4  place  Jussieu,  75252  Paris  Cedex 
05,  France,  (2)  NASA  Geodynamics  Branch,  Goddard  Space  Flight  Center, 
Greenbelt,  MD  USA. 

cohenOipgp.jussieu.fr/Fax;  33  0144273373 

It  has  been  shown  that  a  global  magnetization  contrast  does  exist  between  con¬ 
tinental  and  oceanic  lithospheres.  Such  a  contrast  generates  magnetic  anomalies 
whose  wavelengths  are  partly  hidden  by  the  field  of  the  geodynamo.  The  com¬ 
parison  of  the  field  generated  by  such  a  contrast  with  observed  anomaly  field 
allready  allowed  to  deduce  a  mean  value  of  the  continental  total  magnetiza¬ 
tion.  In  other  studies,  it  has  been  observed  that  continental  regions  of  different 
tectono-thermal  ages  may  bear  different  values  of  vertically  induced  magnetiza¬ 
tion.  In  this  new  model,  the  a-priori  vertically  induced  magnetizations  are  set 
to  different  values  related  to  the  age.  The  introduction  of  such  a-priori  infor¬ 
mations  allows  us,  using  an  inversion  process,  to  delineate  age  provinces  from 
POGO  and  Magsat  data. 


GODDARD  VENUS  GRAVITY  MODEL  DEVELOPMENT  INCLUDING  THE 
APPUCATION  OF  ALTERNATE  SOLUTION  CONSTRAINT  TECHNIQUES 

C.  M.  Cox,  J.  P.  Perini 

Hughes  STX  Corp.,  7701  Greenbelt  Rd.,  Greenbelt,  MD,  20770,  USA 
F.  G.  Lemoine 

Laboratory  for  Terrestrial  Physics,  NASA  GSFC,  Greenbelt,  MD,  2077 1 ,  USA 
R.S.  Nerem 

Center  for  Space  Research,  University  of  Texas  at  Austin.  Austin,  TX,  78712,  USA 

The  Magellan  tracking  data,  including  the  post-aerobraking  data  from  mapping 
cycle  5,  and  Pioneer  Venus  Orbiter  tratking  from  1979-1982  are  combined  to 
develop  a  gravitational  field  model  of  Venus  complete  to  degree  and  order  90.  In  an 
effort  to  improve  the  stability  of  the  orbit  determination  and  gravity  solutions, 
multiple  day  solution  arcs  were  used  in  the  processing  of  the  Magellan  X  and  S  band 
ramped  Doppler  tracking  data.  The  resulting  gravity  potential  model,  Love  number, 
and  planetary  orientation  will  be  evaluated  against  other  efforts.  Additionally,  the 
choice  of  solution  constraint  method  will  also  be  discussed,  including  the 
application  of  eigenvalue  analysis  to  remove  poorly  determined  combinations  of 
gravity  parameters. 


A  RAPID  METHOD  ON  THREE-DIMENSIONAL  ELECTRICAL 
RESISTIVITY 

Danckwardt,  E.,  Jacobs,  F.  (Leipzig);  e-mail  erikdt@serverl.rz.uni-leipzig.de 


ON  THE  SOLUTION  OF  THE  INVERSE  PROBLEMS  OF  POTENTIAL 
FIELDS  WITH  AN  OPTIM.\L  ORTOGONAL  PRISM 

R.  Biliarska  (1),  Zh.  Zhelev  (1)  and  I. 

Biliarskafl) 

( 1 )  Geophysical  Institute,  1 1 1 3  Sofia,  Bulgaria 
jelev@geophys.acad.bg  /  Fax;(3592)  -  70  02  26 

The  possibility  of  solution  of  the  inverse  problems  of  potential  fields  with  an 
optimal  rectangular  prism  is  investigated  here.  A  suitable  computer  program  is 
worked  out  and  a  number  of  experiments  are  made  with  it.  The  unknown 
parameters  of  the  model  ( the  location,  dementions  and  the  density  of  the  optimal 
prism)  are  determined  through  optimization.  The  method  of  Rosenbrock  is  used 
for  this  purpose.  Thew  program  can  work  with  fixed  and  unknown  density.  In 
both  cases  reasonable  results  are  opbtained.  The  inverse  magnetic  problem  can  be 
solved  in  a  similar  way,  both  with  fixed  and  unknown  direction  of  the 
magnetization. 


THE  SPECTRAL  EVALUATION  OF  THE  GRAVITATIONAL  POTENTIAL 
FIELD  AND  ITS  DERIVATIVES;  THE  SE-ALPS  AS  AN  EXAMPLE. 

C.Braitenberg  and  M.  Zadro  (Dipartimento  di  Scienze  della  Terra,  Universita'  di 
Trieste,  Via  E.Weiss  1, 34100  Trieste,  Italy.) 

The  gravitational  potential  field  and  its  first  and  second  derivatives  are  studied, 
applying  the  spectral  analysis.  The  mass  distributions  considered  refer  to  regional 
problems,  wherefore  the  Earth's  curvature  can  be  neglected  and  the  Fourier  Transform 
methodology  can  be  applied.  After  considering  synthetic  mass  distributions,  we 
evaluate  the  gravitational  potential,  the  gravitational  vector,  and  the  gravitational 
tensor  field  due  to  the  crustal  roots  in  a  section  crossing  the  SE-Alps.  The  Moho 
undulations  defining  the  crustal  model  are  obtained  from  a  gravity  3D  inversion 
applied  to  the  area  of  the  SE-Alps. 


A  SOLUTION  OF  INVERSE  PROBLEM  OF  POTENTIAL  IN  THE  CLASS  OF 
STAR  BODIES 

E.Bulakh,  M.Markova,  N.Yakymchuk 

Institute  of  Geophysics  of  the  National  Academy  of  Sciences 

of  Ukraine,  Kiev 

The  inverse  problems  of  gravimetry  and  magnitometty  for  complex  fields  sources 
often  are  solved  by  selection  method.  This  method  demands  to  know  the  initial  model. 
The  interpretation  problem  is  being  solved  inside  choosing  class  of  models.  The  class 
of  star  bodies  is  chosen.  In  this  class  inverse  problem  have  unique  and  stable  solution. 
In  star&rsquo;s  centres  are  fixed  inside  this  body  and  we  to  describe  external  surface 
in  spherical  co-ordinates.  This  function  unimodal,  patial  derivatives  are  restricted  a 
finite  number.  A  small  set  of  parameters  allow  to  describe  complex  anomalous  object. 
The  solution  of  direct  and  inverse  problem  for  this  task  is  carried.  The  anomalous 
gravimetric  and  magnetometric  fields  are  calculated  in  external  points.  The  form  of 
source  is  restored  in  calculation  process.  Model  examples  are  considered. 


Numerical  modeling  is  an  important  part  of  tomographical  methods.  Generally, 
methods  based  on  finite  differences  or  on  finite  elements  are  used.  Due  to  the  fact, 
tiiat  this  forward  modeling  is  very  time-consuming,  it  does  not  allow  tomographical 
treatment  of  larger  quantities  of  electrical  measurements  with  sufficient  resolution.  To 
avoid  this  problem,  a  simple  and  rapid  method  for  the  forward  modeling  of  electrical 
resistivity  measurements  with  any  electrode  system  was  developed.  The  apparent 
specific  resistivities  thereby  are  calculated  from  the  conductivity  distribution  in  the 
subsurface  using  sensitivities.  To  determine  the  sensitivity  of  a  measuring 
configuration  with  respect  to  a  conductivity  alteration  the  reciprocity  principle  of 
Geselowitz  was  applied.  In  contrast  to  classic  methods  (finite  differences,  finite 
elements)  this  method  is  distinguished  by  high  computing  speed.  Practicabilities  and 
limits  of  this  method  are  shown  at  numerical  models  and  measurements.  In  particular, 
we  investigate  errors  in  the  tomographical  inversion  caused  by  high  resistivity 
contrasts. 
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HOW  LARGE  IS  THE  NON-HYDROSTATIC  PART  OF 
THE  GEOPOTENTIAL  COEFFICIENT  C20? 

C.  Denis^ ,  Y.  Register^  and  S.  Tomecka-Suchori- 

^  Institut  d’Astrophysique  et  G^physique,  5  av.Cointe,  B-4000  Li^e,  Belgium 
^  AGH,  Institute  of  Geophysics,  30  al.  Mickiewicza.  PL-30059  Krakow,  Poland 
deni5@astr0.ulg.ac.be  /  Fax:  +32-4-252-7474  /  Phone:  +32-4-252-9980 

Since  the  early  sixties,  it  has  been  commonly  believed  that  the  observed  fully 
normalized  geopotential  coefficient  C20  =  ^  —484.2  x  10“®  of  degree 

2  and  order  0  contains  a  non-hydrostatic  part  =  C20  —  Cjo  amounting  to 

about  —4.5  X  10"®.  In  absolute  value,  this  non-hydrostatic  contribution  is  more 
than  twice  larger  than  the  second  largest  coefficient  C31  fts  +2.0  x  10“®,  and 
almost  five  times  larger  than  the  third  largest  coefficient  C30  +9.6  x  10"'.  All 

other  coefficients  |Cnm|.  |■S’nm|  are  at  least  one  order  of  magnitude  smaller  than 
It  thus  appears  that  the  Earth’s  shape  seems  to  have  a  very  significant 
anomaly  of  degree  2  and  order  0.  The  latter  is  usually  ascribed  to  a  particular 
convection  pattern  in  the  mantle.  However,  we  should  realize  that,  owing  to 
the  fact  that  the  Earth  is  not  in  hydrostatic  balance,  we  have  no  practical 
means  to  know  its  exact  hydrostatic  equilibrium  shape.  Consequently,  we  have 
no  means  to  evaluate  accurately  C^o',  contrarily  to  the  customary  claim  that 
this  shape  can  be  derived  from  the  seismologically  derived  density  distribution. 
We  discuss  in  detail  why  the  actual  value  of  is  presumably  much  smaller 
than  the  value  used  hitherto  for  the  modelling  of  mantle  convection. 


THE  MODERN  STATE  OF  THE  STUDY  OF  THE  GRAVITY  NON- 
TIDAL  CHANGES 

P.D.Dvulit (State University  "Lviv  Polytechnic", S.Bandera Str.l2, 290646 
Lviv,Ukraine,Fax;+38-0322-744300) 

The  problem  of  the  gravity  non-tidal  changes  is  appeared  in  70-ty  years,  (XVI 
General  Assambly  MGGS,  Grenoble,  1975),  due  to  the  gradual  rise  of  the 
measurements  precission  (now  absolute  and  relative  measurements  are  carried  out 
with  some  unit  of  mgl  precission).  The  possibility  of  more  effective  study  of  the 
gravity  non-tidal  changes  of  global,  regional  and  local  character  is  appeared. 
Significance  of  this  problem  is  international.  Therefore  by  the  efforts  of  many  world 
scientists  the  global  gravity  nefwork  of  high  accuracy  is  created.  As  a  result  of  this 
works  the  correlation  conection  between  unregulargravity  changes  and  the  angle 
velocity  of  Earth’s  rotation,  recent  vertical  crustal  movements,  Earth's  poles 
movements  is  discovered. 

Author  of  this  article  is  mounted  that  the  non-tidal  gravity  variations  the 
atmospheric  processes  (the  variations  of  the  air  masses  and  the  snow  coverage) 
hydrological  regime  of  the  underground  waters,  seismo-tectonic  processes, 
volcanism.  masses  redistribution  at  extraction  of  the  oil  and  gass  etc.may  be  the 
causes. 


DEPOCENTERS  IN  NORTH  EGYPT  APPROVED  FROM  POTENTIAL 
FIELD  DATA 

M.  El  Eraki  (Geotogisch-Palaeontologisches  Institut.  Apt.  Tectonophysic, 
Im  Neuenheimer  Feld  234.  69120  Heidelberg,  Germany,  E-Mail: 
meleraki@ix.urz.uni-heidelberg.de.  Fax:  06221  545503). 

The  Northern  Egypt,  as  a  part  of  North  Africa,  has  been  subjected  to 
distinct  tectonic  regimes  since  the  Palaeozoic  time,  these  have  resulted 
in  the  construction  of  many  sub-basins,  ridges,  troughs  and  platforms.  At 
this  task,  potential  field  (Bouguer  gravity  and  total  magnetic  intensity) 
maps  guided  by  well  data,  are  conceived  in  an  integrative  modelling 
operation  to  institute  the  structural  footprints  ensuing  from  variant  tectonic 
regimes  and  their  issue  on  hydrocarbon  accumulations. 

Introductory,,  horizontal  vector  maps  are  constructed  to  delineate  the 
general  faulting  and  folding  structures.Then,  wave  filtering,  using  low- 
cut,  high-cut  and  band-pass  types,  is  carried  out  to  differentiate  the 
shallow,  intermediate  and  deep-seated  effects.  Besides,  Fourier  and 
Hilbert  transformations  are  conducted  through  profiles  to  detail 
specifically  the  depths  of  the  causative  features.  Finally,  all  the  previous 
results  integrated  with  the  subsurface  geologic  information  are  utilized  in 
computation  of  density  models  covering  almost  the  study  area.  These 
models  reveal  the  structural  features  that  control  the  interesting  litho- 
stratigraphic  units  of  the  considered  sequence. 

Seven  sub-basih  can  be  recognized;  Shusham,  Dahab.  Natrun,  Abu 
Gharadig,  Matruh.  Siwa  and  Gundi.  The  first  four  sub-basins  are  proved  to 
be  oil  provinces  but  the  other  are  not  explored  yet.  Most  of  the  existing 
oilfields  In  the  area  are  located  at  the  intersections  between  NW-  to  WNW- 
and  NE-  to  ENE-trending  fault  systems. 


A  METHOD  TO  DETERMINE  THE  EXCESS  M.ASS  AND  THE 
M.\GNETIC  MOMENT  FROM  POTENTIAL  FIELD  ANOMALIES 

Fedi  M..  Florio  G.  e  Rapolla  A. 

Dipartimento  di  Geoflsica  e  Vulcanologia.  Universita  Federico 
II  di  Napoli,  Largo  San  Marcellino  10.  80138  Napoli.  Italia. 

Potential  field  theory  shows  that  the  total  mass  excess  of  a  source  may  be 
computed  from  its  gravity  anomaly.  The  average  density  or  the  volume  of 
the  source  may  be  derived  from  it.  The  classical  integration  formula  suffers 
however  of  some  intrinsic  limitations.  The  first  of  them  is  that  it  needs  a 
perfect  zero-level  evaluation.  The  second  is  that  the  presence  of  interference 
effects,  of  either  low  or  high  wavelength,  leads  to  wrong  results.  We  suggest 
an  inveree  method  that  assumes  the  multipole  expansion  of  the  field  as  the 
forward  problem,  the  parameters  to  be  determined  being  the  moments.  After 
inversion  of  a  data-vecior  along  the  vertical  direction,  the  mass  excess  is 
computed  by  the  monopolar  term  coefficient.  The  advantage  of  the  method 
is  that  it  may  be  applied  on  selected  vertical  profiles,  i.  e.  far  from  local 
interfering  anomalies.  We  discuss  also  its  stability  in  the  presence  of  low- 
wavelengths  interferences. 

Another  advantage  is  that  the  same  approach  may  be  also  used  for  the 
derivatives  of  the  gravity  field  and  for  the  magnetic  field. 

The  method  is  applied  to  real  data. 


LOCALIZED  WAVELET  DENOISING  OF  POTENTI.AL  FIELD  DATA 

Fedi  M..  (1).  Lenarduzzi  L.  (2).  Primiceri  R.  (3).  puarta  T.  (3) 

(1)  Dip.to  di  Geoflsica  e  Vulcanologia.  Universita  Federico  11  di  Napoli, 

Largo  San  Marcellino  10.  80138  Napoli,  Italia.:  (2)  CNR  lAMI .  v.  Amp6re 
56.  Milano:  (3)  Dip.to  di  Scienza  del  Materiali.  via  per  Amesano  73100 
Lecce.  Italia 

Gravity  and  magnetic  fields  of  the  Crust  are  a  blend  of  effects  of  different 
scales  which  are  related  to  sources  buried  at  different  depths.  But  noise  of 
either  geological,  instrumental  or  numerical  nature  is  in  turn  added  to  the 
above  signals.  Moreover,  typical  functional  transformations  of  potential  field, 
such  as  vertical  derivative  of  gravity,  greatly  enhance  the  noisy  part  of  the 
signal  and  determine  an  unfavourable  signal-to-noise  ratio, 
classical  noise-reducing  techniques  assume  an  high-frequency  content  for  the 
noise  and  allow  denoising  by  application  of  low-frequency  filters.  But  this 
operation  has  the  main  disadvantage  of  acting  uniformely  on  a  global  scale, 
since  it  is  uses  a  Fourier  basis.  We  propose  to  use  instead  a  local  technique 
based  on  a  wavelet  basis.  Two  different  wavelet  transformations  were  used, 
the  former  related  to  the  best  orthogonal  wavelet  basis  and  the  latter  to  the 
shiftable  and  steerable  wavelet  basis,  as  defined  by  Simoncelli  ei  al.  We 
compare  the  global  "Fourier"  denoising  with  the  local  denoising  obtained  by 
both  the  transforms  for  the  vertical  derivative  of  the  gravity  field  of  Sicily 
(Italy).  The  results  show  that  a  local  wavelet  denoising  is  a  powerful  tool  to 
obtain  a  high  resolution  information  from  gravity  data. 


RESULTS  OF  GEOPHYSICAL  AND  GEOLOGICAL  STUDY  OF 
THE  KRAKA  OPHIOLITE  MASSIFFS  ON  THE  SOUTH  URALS 
N.  V.  Fedorova  (1)  and  K.  S.  Ivanov  (2) 

(1)  Institute  of  Geophysics,  100  Amundsen  Str.,  Ekaterinburg,  620016  Russia, 

(2)  Institute  of  geology  and  geochemistry  RAN,  Ekaterinburg,  Russia. 
nfOmaglab.mplik.ru/Fax;  [7]  3432  678  872 

Kraka  massiffs  consist  of  less  depleted  hyperbasites  of  the  Urals.  Massifs  and 
surrounding  continent-slope  and  volcanic  complexes  as  a  whole  are  not  typical 
for  Western  paleocontinental  sector  of  the  Urals.  We  constructed  the  geological 
strip-map  and  crossection.  Petrological  and  geochemical  researches  of  hyperb¬ 
asites  were  conducted,  and  also  stratigraphy  and  tectonic  of  surrounding  com¬ 
plexes  were  studied.  The  interpretations  of  gravity  and  magnetic  fields  were 
carried  out  and  alternative  variants  of  cross-sections  were  constructed.  Results 
showed  that  massifs  have  the  flat  positions.  The  greatest  depth  of  the  hyperb- 
asite  complex  were  calculated  under  the  Middle  Kraka  -  4  km.  However,  if  the 
density  of  rock  for  deeper  part  of  the  block  is  more  than  at  the  surface,  then 
the  thickness  of  bodies  is  about  2  km.  Both  variants  are  not  contradict  to  the 
idea  that  the  Kraka  are  the  allochtons. 
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THE  STRUCTXJRE  AND  THERMAL  STATE  OF  ACTIVE  VOLCANIC 
CENTRES  IN  ICELAND  STUDIED  WITH  GRAVITY  AND  MAGNETICS 

Magnus  T.  Gudmundsson 

Science  Institute,  University  of  Iceland,  mtg@raunvis.hi.is/Fax:  354-552-1347 

Gravity  data  have  been  used  to  study  the  internal  structure  of  some  of  the  active 
volcanic  centres  in  Iceland,  including  the  subglacial  volcanoes  of  Gn'msvotn, 
BSrSarbunga  and  M^rdalsjokull.  Bouguer  gravity  highs  of  20-40  mGals  are 
associated  with  these  volcanoes.  Most  volcanic  centres  in  the  rift  zone  have 
developed  calderas:  those  that  have  been  studied  with  modelling,  show  a  similar 
overall  structure:  A  large  dense  intrusive  mass  is  present  in  the  uppermost  5-8 
km  of  the  crust:  smaller  high  density  masses  often  occupy  the  uppermost  2  km 
under  the  caldera  margins.  For  the  centres  studied,  the  gravity  data  suggest  that 
the  upper  crust  under  the  volcanoes  is  predominantly  solid:  small  bodies  (-10 
km’)  with  densities  consistent  with  basaltic  magma  can  be  accommodated  but  ate 
usually  not  required  to  satisfy  the  data.  Modelling  of  the  magnetization  suggests 
that  for  the  Gn'msvetn  volcano,  the  large  upper  crustal  intrusion  is  nonmagnetic. 
It  is  inferred  that  it  mqy  behot,  above  the  Curie  point,  and  probably  an  important 
source  of  heat  for  the  very  powerful  Grrmsvotn  geothermal  area.  A  similar 
situation  may  be  occur  at  some  other  Icelandic  volcanoes.  The  results  obtained 
show  that  the  combined  interpretation  of  gravity  and  magnetic  data  is  a  useful  tool 
in  studying  the  thermal  state  of  Icelandic  central  volcanoes. 


DELINEATION  OF  SEDIMENTARY  BASINS  AND  CRUSTAL 
THICKNESS  IN  EL  MINU  -  ASSIUT  AREA,  EGYPT  BY 
USING  3-D  GRAVITY  AND  2.S-D  MAGNETIC  MODELLING 

MM  AhoiiHdekia '■  H.J.  Maurilsch  I.  Setto  '.  G.  P.  Sendihofcr 
A.M.  El-Shemi ' 

'  University  of  El  Mitiia,  Faculty  of  Science; 

•  University  of  Leoben,  Institute  of  Geophysics 

The  use  of  combined  gravity  and  magnetic  modelling  has  become  increasingly 
important  in  recent  years  due  to  the  necessitj-  of  constructing  more  realistic  models 
of  geological  structures  such  as  sedimentary  basins.  Within  the  area  of  interest, 
twenty  magnetic  profiles,  reduced  to  pole,  were  modelled  using  a  2-D  modelling  - 
algoritlim  to  determine  the  shape  and  depth  of  the  magnetic  source  body  In 
addition  to  this  gravity  anomalies  over  the  study  area  were  modelled  using  a  3*D 
interactive  gravity  modelling  program  to  determine  die  thickness  of  die 
sedimentaiy  section  as  well  as  of  the  appropriate  crust.  The  models  are  constrained 
by  well  data,  regional  geology  and  refraction  seismic  investigations  which  were 
surveyed  in  the  southern  parts  of  the  Gulf  Of  Suez,  east  of  the  study  area.  Well*data. 
regional  geology  as  well  as  tirngnetic  susceptibility  of  different  rock  types  were  used 
as  u  constrain.  For  both  data  sets,  the  Fast  Fourier  Transform  technique  were  used 
to  produce  a  group  of  tow.  band  and  high  pass  filtered  maps  at  different  wave 
length.  The  main  objective  of  filtering  was  to  separate  and  enhance  the  anomaly  of 
different  sources.  The  parameters  of  the  sources  influencing  the  .inomaly.  especially 
the  depth,  are  derived  from  the  amplitude  spectrum. 

There  is  good  accordance  between  the  forward  modelled  gravity  map  using  the 
results  of  the  3-D  inversion  and  the  measured  data  set.  The  depth  of  the  basement 
ill  the  study  area  changes  between  I  and  5  km.  Supported  by  the  seismic  results,  the 
depth  of  the  Moho  in  the  study  area  reaches  to  about  30  km  and  the  continental 
crust  is  thinning  out  towards  the  Red  Sea. 


AN  EFFECTIVE  MASS  DISTRIBUTION  AMONG  SOURCES  OF 
THE  EXTERNAL  GRAVITY  FIELD 

P.  Holota 
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The  principal  objective  of  this  paper  is  to  find  an  effective  mass  distribution 
among  all  sources  of  the  gravity  potential  of  the  Earth.  Let  5  be  a  set  of  all 
positive  mass  distributions  inside  Q  (the  body  of  the  Earth)  such  that  on  a  given 
set  of  surface  points  (profile)  their  potentials  reproduce  the  gravity  potential 
of  the  Earth  and  have  a  common  center  of  gravity.  The  crucial  question  is: 
Does  there  exists  a  mass  distribution  /xo  €  B  such  that  it  is  concentrated  as 
much  as  possible  around  the  Earth's  center  of  gravity,  i.e.,  such  that  it  has  a 
"smallest"  support?  (Note  that  supp/xy  =  {*  €  I?:;xo(®)  ^  0},  where  the  bar 
denotes  the  closer  in  3 -dimensional  Euclidean  space.)  A  similar  question  is 
also  posed  for  a  set  of  all  positive  mass  distributions  inside  Q  that  reproduce 
a  given  sample  of  Stokes'  parameters  of  the  Earth.  Problems  like  these  were 
not  solved  completely  so  far.  Nevertheless  we  believe  that  there  is  a  way  how 
to  find  the  distribution  /xq,  though  by  means  of  a  sequence  of  approximation 
steps  and  we  demonstrate  it  in  numerical  examples.  In  our  reasoning  we  also 
use  the  famous  method  de  balayage. 


Deriving  gravity  fleld  parameters  from  terrestrial  gravity  measurements 

W.R.  Jacoby  and  P.  Smilde 
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Relative  gravity  measurements  are  hampered  with  the  well  known  problem  of 
unpredictable  instrument  drift.  Usually  one  attempts  to  solve  this  by  establishing  the 
drift  and  die  individual  point  values  from  the  field  readings  and  then  to  continue 
with  the  analysis  of  the  thus  derived  „observations“  with  some  geodetic,  geophysical 
or  geological  aim  in  mind.  In  contrast,  we  attempt  to  use  the  field  readings  directly 
to  define  the  drift  characteristics,  gravity  point  values  and  effects  looked  for. 
Especially,  we  wish  to  extract  small  space-time  variations  of  gravity  in  two  regions 
in  Iceland:  a  region  of  current  glacial  isostatIc  adjustment  near  the  ice  cap 
Vatnajbkull,  and  the  Krafia  volcanic  complex.  We  use  an  inversion  scheme  with  a 
parametrization  for  the  suspected,  but  unknown  effects.  The  whole  set  of  field 
observations  over  several  years  is  included  in  the  analysis  which  is  extended  to 
Icelandic  base  stations  and  field  points  that  have  been  repeatedly  observed  and  for 
which  gravity  values  have  been  derived  in  the  past.  Thus  the  data  set  Includes  our 
own  raw  data  and  data  published  in  different  degrees  of  analysis  by  Icelandic  and 
German  institutions.  Several  different  instruments  (including  absolute  gravity 
meters)  have  been  used.  The  discrepancies  between  point  values  for  different  times 
are  interpreted  by  a  set  of  parameters  including  individual  reading  errors,  scale 
factors,  and  temporal  variations  with  a  smooth  space-time  behavior.  There  is  no 
unique  solution,  but  variations  of  assumptions  within  plausible  limits  allows  us  to 
present  results  with  reasonable  confidence  limits.  The  interpretation  of  the  temporal 
gravity  variations  is  compared  to  model  predictions. 


GRAVITY  AND  GEODYNAMIC  INVESTIGATIONS  OF  THE 
HARZ  MOUNTAINS/GERMANY  FROM  1991  TO  1997 
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Since  1990  the  Harz  Mountains  can  be  again  investigated  as  one  complex.  A 
new  Bouguer  anomaly  map  is  presented  and  the  various  gravity  anomalies  are 
discussed  and  interpretations  are  carried  out  by  high-resolution  3-D  gravity 
modelings.  Midn  subjects  of  interest  in  the  studies  are  the  northern  boundary 
fault  zone  of  the  Harz  Mountains  (HNBF),  the  Brocken  and  Ramberg  Granites, 
the  source  of  the  prominent  Benneckenstein  Gravity  High  and  the  surrounding 
basins.  The  results  of  the  gravity  modelings  show  e.g.:  Mean  values  of  dip 
and  vertical  displacement  of  the  HNBF  are  3400  m  and  70®,  respectively.  The 
two  granites  are  distinctly  different.  The  Brocken  Granite  is  shallow,  whereas 
the  Ramberg  Granite  has  a  maximum  depth  of  8.5  km.  Investigations  on  the 
geodynamic  evolution  of  the  Harz  Mountains  are  carried  out  using  the  finite- 
element  method  (FEM).  On  the  basis  of  the  results  of  gravity  modelings,  3-D 
FE-models  are  developed.  Different  assumptions  regarding  the  evolution  of  the 
Harz  Mountains,  the  isostatic  process,  strike-slip  tectonics  and  intrusions  are 
discussed.  The  results  of  the  FE-modelings  do  not  contradict  geological  ideas. 


INFLUENCES  OF  THE  VARIATIONS  IN  THE  SHAPE,  SIZE, 
AND  MASS  DISTRIBUTION  ON  THE  GLOBAL  AND  LOCAL 
GRAVITY  FIELD  OF  THE  EARTH 

J.  Kakkuri  and  Z.  Wang 

Finnish  Geodetic  Institute,  Geodeetinrinne  2  (PL  15),  FIN-0243 1 , 
MASALA,  Finland 

juhani.kakkuri(gfgi.fi/Fax:  +358-9-295  55  200 

The  time  dependency  of  the  gravity  field  outside  of  the  Earth  have 
long  been  observed.  Variations  in  the  shape,  size  and  interior  mass 
distribution  are  important  factors  that  may  affect  the  gravity  field  both 
in  global  and  local  scales.  In  this  paper,  the  variation  of  the  gravity 
potential  value  on  the  geoid  that  caused  by  the  variations  in  the  shape 
and  size  of  the  Earth  are  estimated.  The  effects,  of  the  variation  in 
mass  distribution  on  the  local  geoid  and  gravity  anomalies  in  the  case 
of  Fennoscandia  are  studied  by  assuming  a  mass  fiow  model  of 
spherical  cap  that  possibly  taken  place  in  company  with  the  land  uplift 
phenomenon. 
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The  Earth  crust  structure  in  the  continent-ocean  transition  zone  according  to 
potential  field  data  interpretation  in  Arctic 

V.D.Kaminsky,  A.L.Piskarev,  V.A.Poselov  -VNIIOkeangeologia.  St.Petersburg, 
Russia.  E-mail:  piskarev@g-ocean.spb.su. 

The  interpretation  is  based  on  the  gravity  and  magnetic  maps  which  were  issued  after 
amalgamation  of  data  of  many  surveys.  Modem  methods  of  data  analysis  together  with 
seismic  data  have  allowed  a  recently  revised  geologic  picture  of  Russian  Arctic  Sea 
shelves  based  on  gravity  and  magnetic  data.  Amplitude  and  frequency  of  gravity  and 
magnetic  anomalies  were  initially  investigated  using  double  Fourier  spectrum  analysis. 
This  was  followed  by  application  of  transformations,  filtering,  and  "moving  windows" 
analysis.  Then  an  analysis  of  sources  and  the  nature  of  the  anomalies  via  solution  of 
direct  and  inverse  problems  was  executed.  For  investigation  of  gravity  sources, 
grid-approximation  base  is  used  because  it  allows  computation  of  densities  in  the 
prespecified  limits  at  the  fixed  geometry  of  the  cross-section.  These  limits  are  set  with 
the  help  of  existing  petrophysical  data.  Density  models  of  transections  from  Barents 
Sea  to  Lomonosov  Ridge  and  from  New  Siberian  Sea  to  North  pole  vicinity  have  been 
computed  as.5D  solution,  i.e.  an  extent  of  bodies  along  y-axis,  perpendicular  to  the 
image  plane,  was  taken  into  account.  Calculations  of  magnetic  source  depths  were 
executed  by  different  methods  of  deconvolutions. 


POTENTUL  FIELDS  -  IMPORTANT  INDICATORS  OF  GEODYNAMIC 
SETTING  OF  ANCIENT  STRUCTURES  OF  EARTH’S  CRUST? 

LG.Koutinov,  Z.B.Tchistova  (Institute  of  Ecological  Problems  in  the  North  Ural 
Division  RAS,  57  Viutchejsky  str.,  163046  Archangelsk.  Russia) 

Witliin  Baltic  Shield  and  ancient  Russian  plate  shows  of  ancient  tectonic  processes 
were  quite  intense.  An  analysis  of  the  structure  of  the  region  support  the  conclusion 
about  of  action  plate  tectonic  mechanism  in  the  Late  Archean.  The  most  important 
events  of  geological  evolution  has  been  placed  in  the  periods  3800-2600,  2600-2000. 
2000-1650,  1450-1000,  370-290  Ma.  Tlie  paleotectonic  structures  have  been  recorded 
on  basis  of  position  in  the  over-all  structures  of  the  region,  time  of  shows,  geodynamic 
regimes,  structural-morphological  features  of  the  Earth's  crust.  All  these  geodynamic 
setting  are  illustrated  by  character  of  potential  fields. 

in  the  course  of  studies  it  was  ascertained  tltat  features  of  potential  fields  are  one  of  the 
important  indicators,  which  enable  to  rather  confidently  distinguish  and  typify 
gc^namic  structures,  even  if  they  are  characterized  by  an  «embrionic»  evolution. 
The  authors  concluded,  that  in  geophysical  fields  is  reflected  two  tendencies  of 
development  of  tectonic  structures:  complication  of  a  structures  of  the  upper  horizons 
of  Earth’s  crust;  disappearance  of  depth  characteristics.  In  this  case  tlie  potential  fields 
needs  to  be  considered  as  historical  categories  The  features  of  regional  and  local 
relations  of  gravity,  magnetic,  seismic  and  geological  fields  are  one  of  most  important 
indicators  of  ancient  geodynamic  settings. 


A  synthesis  of  the  geology  and  geophysics  of  the  Northern  N'orrbotten  ore 
province,  Sweden 

L.  Rubier  ( I ),  S.  Bergman  (1).  Olof  Marlinsson  (2) 

IGeological  Survey  of  Sweden,  Uppsala.  2TechnicaI  University,  Luled.  Sweden 
Lut2.Kubler@sgu.se/Fax:+46- 18-179210 

Better  understanding  of  ore  genesis  and  refined  and  more  efficient  prospecting  and 
mining  methods  developed  during  the  last  two  decades,  have  made  it  possible  to 
reconsider  classical  ore  provinces  thought  to  have  stagnating  mineral  resources.  One 
of  these  is  the  Northern  Norrbotten  ore  province  in  Sweden,  where  deposits  of  apatite 
iron  ore,  stratiform  copper  ore.  and  epigenetic  copper-gold  ore  are  the  prerequisits  for 
the  regional  economic  policy.  Most  of  the  deposits  are  hosted  by  Paleoproterozoic 
greenstones  and  poiphyries  2.2Ga  -  l.88Ga)  which  are  underlain  by  clastic 
metasedimentary  rocks  and  Archean  basement  (i|2.8  Ga  -  2.5  Ga).  The  Geological 
Survey  of  Sweden  has  Initiated  a  project  with  the  objective  of  reviewing  and  updating 
the  known  Precambrian  geology  of  this  area  in  order  to  facilitate,  e.g.,  new  studies  or 
activities  aiming  at  the  extraction  of  geological  resources  of  economic  interest.  The 
results  will  be  presented  as  synthesis  maps  at  a  scale  of  1:250000.  Principal  emphasis 
will  be  laid  on:  1)  the  main  lithological  units,  2)  the  structural  and  metamorphic 
outlines  with  results  from  the  geophysical  interpretation,  and  3)  the  economic  geology, 
i.e.  locations  of  metallic  and  non-metallic  mineral  deposits,  and  alteration  zones. 
Geophysical  data  are  presented  as  maps  showing  anomalies  of  the  magnetic  total  field, 
Bouguer  anomalies,  gamma  radiation  mea.surements  recalculated  to  contents  ofK.  U, 
and  Th.  and  electromagnetic  data  (VLF).  All  maps  as  well  as  geological  and 
geophysical  information  bound  to  databases  (mineral  deposits,  geochemical  analy.ses. 
petrophysics)  will  be  available  in  digital  format  on  CD-ROM.  The  project  is  planned 
for  completion  by  the  end  of  1999. 


UPDATING  VALUES  FOR  THE  C2i{IERS)  AND  SnilERS) 
GRAVITY  COEFFICIENTS 

S.  M.  Kudryavtsev 

Sternberg  Astronomical  Institute  of  Moscow'  State  University,  13,  Universitet- 
sky  Pr.,  Moscow,  119899,  Russia. 

ksmQsai.msu.au 

The  current  models  of  the  Earth’s  gravity  field  are  being  developed  in  the 
lERS  (International  Earth  Rotation  Service)  Terrestrial  Reference  Frame.  In 
this  frame  the  gravity  coefficients  of  the  second  degree  and  first  order  dis¬ 
tinct  from  zero,  but  they  are  poorly  determined  in  usual  way  from  the  Earth’s 
satellites  tracking  data.  Instead,  the  Earth’s  C21  and  S21  gravity  coefficients 
are  calculated  by  using  observed  values  of  the  lERS  polar  motion  parameters. 
Here  we  propose  to  use  more  complete  formulae  for  calculation  of  these  gravity 
coefficients  than  those  are  presently  employed  by  the  most  recent  models  of 
the  geopotential  (e.g.,  the  JGM-3  and/or  EGM96).  The  introduced  modifica¬ 
tion  actually  changes  the  values  of  the  Earth's  C21  and  S21  gravity  coefficients 
being  provided  by  the  current  lERS  Conventions  (1996)  and  included  to  many 
models  of  the  geopotential.  The  updated  mean  values  of  the  coefficients  (nor¬ 
malized)  at  the  epoch  of  1986.0  are  as  follows 

C,iUERS)  =  -0.190  X  10-®,  Snl/ERS)  =  1.192  x  lO’^ 

These  values  for  C21  and  5,1  are  proposed  for  future  solutions  for  the  Earth’s 
gravity  field  and  for  the  new  lERS  Conventions  (1999). 


ABOUT  GOLD  SECTION  ON  GEOPHYSICAL  DATA 
V.N.  Lugovenko 

Institute  of  Terrestrial  Magnetism  and  Radio  Wave  Propogation,  Troitsk, 
Moscow  Region,  142092  Russia. 
slilipOhelios . izmiran . troitsk .  ru 

Gold  section  (  GS  )  proportion  is  followed  in  Nature  as  the  ”  general  ”  beginning 
and  any  dynamic  systems  (  and  not  only  of  organic  origin  )  work  the  most 
effectively  then,  when  their  structural  organization  or  regime  of  functioning  are 
stipulated  by  law  GS.  We  was  make  with  the  purpose  of  revealing  of  general  laws 
the  sta-  tistical  analysis  of  gravitational  anomaly  field  for  several  planets  and 
their  satellites:  Earth.  Venus,  Mars,  Moon  and  Fobos.  The  parameter  V,  was 
resolved  at  comparison  of  properties  planets  and  their  satelli-  tes  to  use  which 
presents  the  relation  of  correlation  radius  of  gravi-  rational  anomaly  fields  and 
radius  studied  of  celestial  body.  Has  appeared,  that:all  planets  with  accuracy 
about  4  meter  V  the  same,  as  follows  0,351.  The  relation  of  V  parameter, 
describing  the  Moon,  there  to  pa-  rameter  for  Earth  gives  the  size  0,627,  that 
with  accuracy  about  1,5  coincides  with  similar  ratio  for  gold  section  (  0,618  ). 
And  circumstance,  that  the  ratio  of  V  parameters  for  the  Moon  and  the  Earth 
correspond  to  the  gold  section,  reflects  the  general  harmony  of  world,  about 
which  is  mentioned  in  many  work  a.L.Chizhevsky. 


GRAVITY  AND  GEOID  DATA  FOR  THE  VALIDATION  OF  A 
3-D  STRUCTURAL  MODEL  OF  EUROPEAN  REGION 

Marson  I.  (1) ,  Panza  G. (2)  and  Velicogna  I.  (1) 

(1)  -DINMA-Univ.Trieste-v. Valerio  10-Trieste (I) 
e-mail :  isabella®min730 .univ. tries te . it 

(2)  -Dept . Earth  Sciences-Via  Weiss  4  Trieste(I) 

Recently  a  regionalized  3-D  structural  model  of 
Europe  has  been  compiled  (Du  Z.J.  et  al.,1997). 
The  model  covers  European  area  from  -25  degree 
E  to  35W  and  from  0  degree  N  to  70N.  The  data 
set  has  been  validated  by  means  of  a  3-D 
gravity  model  using  a  3-D  interactive  modeling 
(Goetze  and  Lahmeyer, 1988) .  Because  of  the 
limits  of  the  3-D  gravity  program  the 
investigation  has  been  performed  using  windows 
having  dimensions  compatible  with  the 
complexity  of  the  structural  model. The  modelled 
gravity  field  has  been  directly  compared  with 
the  Bouguer  anomaly  where  possible  or  reduced 
to  geoid  undulations  and  then  compared  with  the 
geoid  model  OSU91.  Results  of  this  validation 
procedure  for  the  Scandinavian  region  and  for 
the  South  Europe  will  be  presented. 
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THE  ROLE  OF  MAGNETIC  VECTOR  POTENTIAL  IN  2-D  ELEC¬ 
TROMAGNETIC  INDUCTION  IN  A  SPHERICAL  EARTH 

Z..  Martinec 

Department  of  Geophysics,  Charles  University  in  Prague 
zdenek@hervam.troja.mff,cuni.cz 

We  formulate  the  2-D  forward  problem  for  electromagnetic  induction  in  a  spher¬ 
ical  earth  in  a  weak  sense  and  solve  it  by  a  spectral-finite-element  approach. 
The  boundary  data  used  in  this  formulation  consist  of  the  horizontal  compo¬ 
nents  of  the  total  magnetic  intensity  measured  on  the  Earth’s  surface.  In  this 
the  weak  formulation  differs  from  other  methods,  which  usually  use  spherical 
harmonic  coefficients  of  the  external  sources  as  input  data.  The  well-known 
Gauss  analysis  and  decomposition  of  the  observed  surface  magnetic  induction 
into  external  and  internal  parts  is  not  necessary  to  carry  out  when  the  weak 
formulation  of  the  problem  is  employed. 

From  two  main  existing  families  of  formulation,  those  based  on  the  electric 
and  magnetic  inductions  and  those  based  on  the  electrical  scalar  and  magnetic 
vector  potentials,  we  choose  the  latter  one.  The  major  advantage  of  solving  the 
electromagnetic  induction  in  azimuthally  symmetric  earth  with  purely  zonal 
source  is  that  the  vector  potential  reduces  to  a  scalar  quantity;  the  induced 
eddy  currents  ace  uni-directional. 


STUDY  OF  ULTRAMFIC  BELTS  IN  INNER  DINARIDES  AND  VARDAR 
ZONE 

M.  Mladenovic  (I)  and N.  Smilianic  (2) 

(1)  NIS-  Geophysical  Institute,  Belgrade,  Yugoslavia 

(2)  Geomagnetic  Institute,  11306  Grocka,  Yugoslavia 
e-mail:esmiljne@ubbg.etf.bg.ac.yu 

Ultaramafic  belts  of  the  Jurassic  ocean  in  the  Alpine-Mediterranean  region  have 
distinctive  lateral  tectonic  position.  Their  roots  or  depth  distribution  are  not  so  clear. 
We  use  geomagnetic,  gravity  and  geological  data  (maps  and  profiles)  to  study  depth 
distribution  of  ultramaflc  bodies  along  the  ophiolite  belts  in  the  area  of  SE  Europe. 
As  potential  fields  are  not  with  appropriate  resolution  for  valuable  interpretation  we 
incorporated  other  geophysical  (MT  and  DC  sounding)  as  well  as  geological  data  in 
search  for  model  building.  We  apply  this  procedure  in  area  of  inner  Dinarides  and  the 
Vardar  zone.'  Deep  MT  sounding  as  well  as  seismology  data  have  been  used  for 
comparison  of  the  astenosphere  LVL  with  tectonical  settings  of  ultaramafic  bodies.  It 
seems  that  the  astenosphere  below  Mesozoic  passive  margin  (Dinarides)  has  now 
different  characteristics  then  below  Mesozoic  active  margin  (Vardar  zone).  There  is 
some  evidence  that,  at  least  part  of  Vardar  zone,  was  the  marginal  basin  during 
Mesozoic. 


CHANGES  OF  GRAVITY  IN  RELATION  TO  OTHER 
GEODYNAMIC  PHENOMENA  IN  WESTERN  BOHEMU 

J.  Mrlina  and  A  Spicak 

Geophysical  Institute  Acad.  Sci.,  Prague,  Czech  Republic,  jan(gig.cas.cz 

In  the  West  Bohemia  seismoactive  r^on  a  relatively  intesive  earthquake 
swarm  was  rostered  in  1985/1986.  The  area  is  located  on  the  crossing  of 
two  major  geological  structures  of  the  intraplate  Ohfe  "rift"  and  the  Cheb- 
Domazlice  graben.  A  seismological  network  was  established  to  record  the 
activity.  In  the  1990s  more  complex  investigations  have  started,  comprising 
simultaneous  GPS  and  gravity  repeated  measurements  twice  a  year,  precise 
levelling  in  selected  areas  and  continuous  monitoring  of  the  groundwater  level. 
The  gravity  measurements  were  concentrated  on  a  principal  profile  crossing 
two  major  faults  and  a  sedimentary  basin  in  between,  and  on  two  related 
closures  covering  the  main  qjicentral  area.  The  temporal  non-tidal  variations 
of  gravity  proved  certain  correlation  with  seismic  activity  and  groundwater 
level,  respectively.  As  there  were  no  significant  vertical  displacements,  the 
changes  may  be  related  to  geodynamic  phenomena  like  stress  accumulation 
and.release,  mass  redistribution  etc.  For  successful  correlation  analysis  and  its 
statistical  confidence  a  long-term  continuation  of  this  four-year  investigation 
must  be  ensured. 


NUMERICAL  DETERMINATION  OF  FIELD  LINES  IN 
GRAVITATIONAL  SPACE 

G.  Papp  and  J.  Benedek 

Geodetic  and  Geophysical  Research  Institute  of  the  Hungarian  Academy  of 
Sciences,  Sopron 

papp@g^.hu/Fax:  +36-99-313267 

The  physical  nature  of  geometrical  conditions  of  the  geodetic  measurements  and  of 
the  coordinate  systems  used  in  gtxxlesy  require  an  exM  knotried^  of  the  Earth’s 
gravity  field.  Gmmetrical  terms  like  vertical  and  horizontal  directions  etc.  depend 
exclusively  on  file  mvity  fiel^  therefore  vertical  projection  of  a  point  located  on 
tte  su^ce  of  the  Earth  cannot  be  properly  treats  u  physical  circumstances  are 
neglect^.  Based  on  a  reliable  3-D  regional  density  model  of  the  lithosphere  of  the 
Pannonian  Basin  (Hungary)  an  effort  was  nmde  to  reconstruct  field  lines 
(piumblines)  going  through  topographical  masses  using  the  usu^  numerical 
approaches  applied  in  file  solution  of  first  order  ordinary  differential  equations 
(Euler’s  method  and  higher  order  approximations  which  are  based  on  the 
Richardson  extrapolation  implemented  by  the  Bulirsh-Stoer  method  as  well  as  on 
the  solution  of  the  Fienet-equation  of  a  space  curve).  The  deviations  (offiKts) 
between  horizontal  coordinates  obtained  by  geometrical  projection  along  the 
normals  and  the  physical  projection  along  the  plumblines  were  investigated  in  “fiat 
Ea^“  approximation.  The  results  show  that  even  in  the  situation  of  a  moderate 
topography  =  1015  m)  and  a  regionally  balanced  geological/tectonic 
structure  me  differences  may  teach  several  centimeter  whereas  in  me  geological 
surroundings  of  me  Basin  (Alpine-Carpathian  otogenic  belt)  mose  may  teach  easily 
the  decimeter  level  resulting  tn  e.g.  20  cm  contractiori  of  a  baseline  of  30-60  km. 
The  absolute  values  of  the  deviations  ate  correlated  mainly  by  the  topography  of  me 
investigated  area. 


MANTLE  VISCOSITY,  GLACIAL  ISOSTASY  AND  THE  ANOMALOUS 
GRAVITY  HELD 

W.R.  Peltier  and  Giovanni  Pari  (Department  of  Physics,  University  of  Toronto, 
Toronto,  Ontario,  Canada  M5S  1A7;  peltier@atmosp.physics.utoronto.ca/FaX'.  1-416- 
978-8905) 

Interpretation  of  the  free  air  gravity  anomalies  over  previously  glaciated  regions 
condnues  to  be  controversial,  in  no  case  more  so  man  in  connecdon  wim  ffie  70  mgal 
anomaly  mat  currently  exists  over  me  Hudson  Bay  region  of  Canada.  Aimough  me 
approximate  form  of  me  meory  first  employed  by  Wu  and  Peltier  (1983)  to  calculate 
me  expected  magnimde  of  me  anomaly  was  later  corrected  in  Mitrovica  and  Pelder 
(1989),  bom  analyses  led  meir  aumors  to  me  incorrect  conclusion  mat  ffie  entire  anomaly 
could  be  explained  in  term  of  incomplete  glacial  isostadc  adjustment.  This  issue  was 
farmer  explored  by  Peltier  et  al.  (1992)  who  employed  me  realisUc  ICE-30  model  of 
deglaciation  of  Tushingham  and  Peltier  (1991),  to  show  mat  me  present  day  free  air 
gravity  anomaly  predicted  by  the  corrected  meory  was  far  too  small  to  explain  me  28 
mgal  negadve  anomaly  mat  exists  in  me  range  of  spherical  harmonic  degree  0  s  (  s8. 
Rather,  me  anomaly  was  shown  to  be  almost  entirely  explicable  as  being  due  to  me 
influence  of  me  mande  convecdon  process  as  earlier  hypomesized  by  Camies  (1975). 
A  recent  paper  by  Simons  and  Hager  (1997)  has  suggested  ffiar  50%  of  me  anomaly  was 
due  to  me  GIA  process  and  50%  to  convection.  We  will  demonstrate  that  mis  “least 
controversy”  solution  requires  me  assumption  of  a  viscosity  model  mat  is  unacceptable 
from  me  perspective  of  relative  sea  level  and  omer  data  related  to  me  GIA  process. 


ON  THE  INVESTIGATIONS  OF  THE  EARTH’S  MAGNETIC  HELD 
T.  Petrova  (1) 

(1)  Geophysical  Institute,  1113  Sofia,  Bulgaria  petrova@geophys.acad.bg  /  Fax; 
(3592)  -  70  02  26 

In  the  analysis  of  the  magnetic  field  wim  current  loops  ffie  series  of  investigation  is 
extended  -  old  (  1932-1960  )  and  new  -  (  1905-1923 , 1970-  1975  )  with  the  purpose 
-  studing  the  variations  of  the  Magnetic  field.  The  optimization  in  the  investigation  of 
the  dreif  of  the  continents  wim  current  loops  is  improved  -  tree  meffiods  ( Marquardt, 
Gradient  and  the  steapest  descent )  are  now  used  in  stead  of  one.  The  programe  used 
autometicaly  choose  the  most  suitable  one  for  me  corresponding  situation.  This 
improves  not  only  the  solution  but  olso  the  precision  of  me  solution.  The  main  results 
is  that  in  the  case  with  26  observational  points  on  ffie  whole  Earffi  we  now  recieve  the 
corresponding  solution  more  quikly  than  obtained  before  -  with  only  one 
optimizational  method  (the  meffiod  of  Marquard) . 
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AN  INTERACTIVE  2D  AND  3D  GRAVITY  MODELLING  PROGRAM  FOR 
PERSONAL  COMPUTERS. 

V.  Pinto,  L.  Rivero  and  A.  Casas 

Dpt.  G.P.P.G.  Universitat  de  Barcelona,  08071 -Barcelona,  Spain. 

A  complete  PC-based  system  for  the  gravity  modelling  of  geological 
structures  has  been  developed.  The  system  allows  for  good  geometrical 
simulations  of  structures,  because  its  ability  to  interact  with  external 
processes  (the  topographic  surface,  contact  with  other  bodies  and  faults  that 
cut  and  displace  two  parts  of  a  body)  permits  the  generation  of  geological 
models  with  a  great  deal  of  realism.  The  geometrical  parameters  that  define 
the  model  are  easily  modified;  indeed  most  of  them  are  adjusted 
automatically. 

The  system  can  construct  a  3D  model  directly  from  the  generation  of 
volumes  or  from  the  spatial  union  of  bidimensional  sections.  This  last  method 
can  be  considered  a  suitable  intermediate  process  between  20  and  3D 
modelling. 


POTENTIAL  FIELD  DATA  INVERSION  FOR  THREE-DIMENSIONAL 
OBJECTS  OF  ARBITRARY  SHAPE 

I.L.Prutkin  (Institute  of  Geophysics,  Amundsen  St.  100, 6200 1 6  Ekaterinburg,  Russia, 
e-mail:  prutkintgigeoph.mplik.ru) 

Developed  are  theoretical  foundations,  numerical  algorithms  and  computer 
programs  to  find  a  geometry  of  3D  restricted  body,  one  or  several  3D  conuct 
surfaces.  It  should  be  emphasized,  that  we  have  managed  to  avoid  any 
modelling:  new  integral  equations  of  the  first  kind  have  been  derived  to  find  a 
function  determining  a  geometry  of  the  object  sought.  The  method  of  local 
corrections  has  been  suggested,  which  makes  it  possible  to  curtail  the  time  required 
to  solve  an  inverse  problem  approximately  by  an  order  of  magnitude.  Our  technique 
has  been  successfully  used  in  global,  prospecting  and  mining  geophysics.  Joint 
inversion  of  gravity  and  magnetic  data  for  core  mantle  boundary  relief  led  us  to 
some  hypothesis  on  the  core  material  flow.  3D  relief  of  the  upper  boundary  of 
pre-Jurassic  rocks  was  found  using  square  gravity  data  mainly.  Subsequent 
comparison  of  the  relief  obtained  with  the  position  of  the  boundary  according  to  the 
seismic  profile,  unknown  for  the  author  beforehand,  has  revealed  their  quite 
satisfactory  coincidence.The  volume  model  of  Kendykty  granitoid  massif  has  been 
constructed.  3D  geometry  of  the  diorite  core  in  the  granite  block  has  been 
recovered,  which  lower  boundary  was  expected  to  be  a  metallotect.  The  algorithm 
has  been  derived  for  permanent  control  over  mining  process  using  underground 
microgravity  data.  Temporal  measurements  of  gravitational  field  in  the  first  moment 
when  a  block  is  filled  with  an  ore  and  in  some  further  moment  provide  an  opportunity 
to  find  density  contrast  surface  (barren  rock  -  ore  or  air  -  ore  boundary). 


GEOPHYSICAL  INVESTIGATIONS  INTO  THE  DEEP 
STRUCTURE  OF  MAMOURA  AREA,  OFFSHORE  LIBYA. 

G.A.Reeh  and  H.Hassa  n  (Petroleum  Research  Centre,  P.O.Box  643 1 

Tripoli  Libya) 

The  Mamoura  gravity  and  magnetic  anomalies  are  located  in  the  Pelagian  block  of 
Offshore  Libya.  Which  is  part  of  a  continental  buffer  zone  between  the  African 
and  European  plates.  Analysis  of  the  power  spectra  of  the  anomalies  indicates  that 
they  result  from  two  sets  of  sources:  a  shallow  source  at  a  maximum  depth  of  5  km 
and  a  deeper  source  at  a  depth  of  about  8  km.  The  latter  is  interpreted  as  the  depth 
of  the  local  basement.  While  the  former  probably  refer  to  the  depth  of  the  top  of 
the  causative  body  of  the  anomalies.  These  depths  are  in  excellent  agreement  with 
those  derived  from  seismic  reflection  data.  The  poor  correlation  between  the 
pseudogravity  fields  for  induced  magnetisation  with  the  observed  gravity  fields 
strongly  suggests  that  the  causative  body  have  remanent  magnetizations.  The 
orientations  of  the  total  magnetization  have  been  estimated.  Three-dimensional 
interpretations  of  the  magnetic  and  gravity  anomalies  suggest  causative  structures 
of  similar  shape.  The  analysis  and  interpretation  of  all  the  geophysical  data 
combined  with  the  tectonic  history  of  the  area  suggest  that  the  source  of  large 
gravity  and  magnetic  anomalies  are  related  to  a  Mesozoic  extensional  phase.  The 
north-south  trend  of  the  magnetic  anomaly  is  probably  related  to  the  Pre-Cambrian 
Pan-African  deformation,  whose  trend  was  reactivated  during  the  Mesozoic 
extension. 


GRAVITY  PATTERNS  AND  CARBONIFEROUS  BASE-METAL 

ORE  DEPOSITS  IN  IRELAND 

B.M.  O’Reilly,  P.W.  Readman  and  T.  Murphy 

Dublin  Institute  for  .Advanced  Studies,  5  Merrion  Square,  Dublin  2,  Ireland. 
borOcp.dias.ie/Fax: -1-353  I  662  1477 

Central  Ireland  contains  an  extensive  carbonate  succession  of  Courceyan  to 
Brigantian  age,  deposited  in  fault-bounded  sub-basins  across  the  Irish  Mid¬ 
lands.  Carbonate  sediments  host  base-metal  Pb/Zn  deposits  of  pre-Arundian 
age,  with  mineralisation  episodes  controlled  by  syn-rift  crustal  extension.  .As 
the  region  is  highly  glaciated,  geological  structure  is  not  well  mapped.  Here  we 
show  that  the  deposits  are  spatially  correlated  with  a  network  of  ‘Caledonian’ 
NE-SW  trending  and  interconnecting  weaker  NNE-SSW  and  subtle  NV\’-SE 
trending  gravity  lineaments.  Gravity  derivative  maps  are  used  to  demonstrate 
these  relationships  and  it  is  shown  that  the  occurrence  of  the  ore  deposits  is 
related  to  the  local  magnitude  of  the  derivatives.  This  suggests  Caledonian  base¬ 
ment  involvement  in  the  formation  of  Carboniferous  sub- basins  and  the  genesis 
of  base-metal  deposits.  The  continuity  of  lineaments  across  the  Carbonifer¬ 
ous  regions  into  older  Palaeozoic  terranes,  where  they  usually  correlate  with 
mapped  faults,  indicates  strong  Caledonian  basement  control  on  Variscan  tec¬ 
tonic  development  and  related  episodes  of  ore  mineralization.  The  re-activation 
of  older  basement  fractures  seems  to  have  controlled  the  migration  pathways 
of  mineralising  fluids  and  thus  possibly  the  spatial  distribution  of  ore  deposits. 
These  methods  applied  to  densely  spaced  gravity  data  are  a  useful  tool  in 
understanding  basement  and  basin-flil  properties  which  influence  ore  genesis. 


ON  INTEGRAL  OPERATORS  OF  POTENTIAL  THEORY  AND 
ITS  APPLICATIONS 
S.  Ritter 

Mathematisches  Institut  II,  Universitat  Karlsruhe  (TH). 

Stefan. RitterPmath. uni-karlsruhe.de/Fax:  [49]  721-608-2051 
The  integral  operators  of  Potential  Theory  are  of  fundamental  interest  in  var¬ 
ious  fields  of  physics  and  earth  sciences.  E.g,  the  double-layer  potential  and 
the  electrostatic  integral  operator  occur  in  the  integral  equation  formulation  of 
boundary  value  problems  for  the  Laplace  equation  in  R®  whereas  the  magne¬ 
tostatic  operator  plays  the  same  role  in  the  theory  of  harmonic  vector  fields. 
The  spectral  behaviour,  i.e.,  the  behaviour  of  eigenvalues  and  eigenfunctions, 
is  a  key-property  of  these  operators.  For  the  case  that  the  underlying  surface  is 
either  a  sphere,  a  spheroid,  or,  a  triaxial  ellipsoid  explicit  expressions  for  both 
eigenvalues  and  eigenfunctions  are  well-known. 

We  discuss  two  applications:  First,  we  consider  a  model  for  permanent  magne¬ 
tization  of  a  compact  body  D  C  R®.  The  permanent  magnetization  is  modelled 
by  spatial  dipole  distributions  in  D  wh  which  are  in  equilibrium  w.r.t.  an  energy 
functional.  The  determination  of  such  dipole  distributions  can  be  reformulated 
as  an  eigenvalue  problem  for  the  electro-  and  magnetostatic  integral  operator 
on  the  boundary  surface  S  of  D.  In  a  second  example,  we  discuss  an  integral 
equation  approach  to  the  Ellipsoidal  Stokes  Problem  which  occurs  in  geoid 
height  determination.  We  obtain  conditions  for  the  unique  solvability  of  the 
accompanying  integral  equations  in  terms  of  eigenvalues  of  the  above  integral 
operators. 


ON  CORE  MODES 

Y.  Rogister',  .M.  Amalvict  S.  Tomecka-Suchon®  and  C.  Denis* 

*  Institut  d’Astrophysique  et  Geophysique,  5  av.  de  Cointe,  B-4000  Liege 
-  Institut  de  Physique  du  Globe,  5  rue  Rene  Descartes,  F-67084  Strasbourg 
®  .AGH,  Institute  of  Geophysics,  30  al.  Mickiewicza,  PL-30059  Krakow 

With  the  advent  of  superconducting  gravimeters  sensitive  to  extremely  small 
periodic  changes  of  gravity  (typically  of  the  order  of  magnitude  of  1  ngal),  core 
oscillations  can  possibly  be  detected.  Once  observed  and  identified  within  a 
proper  classification  scheme,  core  modes  could  teach  us  much  about  density 
and  temperature  gradients  in  the  cote.  Unfortunately,  because  these  physical 
quantities  are  not  well  known  yet  —  in  particular,  we  do  not  know  the  local 
Brunt- V'aisala  frequencies  nor  do  we  know  the  density  jump  at  the  inner  core 
boundary  (ICB)  —  we  cannot  assess  with  any  reliability  the  range  of  frequencies 
where  we  should  search  for  core  modes.  Moreover,  rotation  and  ellipticity 
ate  factors  which  complicate  tremendously  the  theoretical  computation  of  core 
modes.  We  discuss  the  use  of  Cowling’s  approximation  and  of  the  subseismic 
equation  and  show  that  the  former  makes  the  problem  indeed  more  manageable 
whereas  the  latter  is  not  of  much  use.  We  study  some  general  mathematical 
properties  of  gravity  modes  in  the  non-rotating  case,  and  indicate  the  main 
reasons  why  the  period  of  the  free  core  nutation  computed  in  the  traditional  way 
is  about  460  days  whereas  the  observed  period  is  close  to  435  days.  Moreover, 
we  discuss  briefly  the  frequency  range  where  we  should  look  for  the  Slichter 
triplet. 
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GLOBAL  POSTSEISMIC  DEFORMATION:  EFFECTS  ON  THE 

GRAVITY  FIELD 

G.  Soldati,  A.  Piersanti  and  E.  Boschi 

Istituto  Nazionale  di  Geofisica,  Rome,  Italy. 

A  global  scale  analysis  of  the  effects  induced  by  an  earthquake  on  the  major 
geophysical  observables  requires  the  adoption  of  spherical  geometry.  Our  aim 
is  to  study  in  a  self  consistent  way  the  gravitational  perturbations  associated 
with  lithospheric  shear  dislocations  both  in  the  co-  and  postseismic  regimes. 
To  perform  our  investigations  we  develop  a  spherical  stratified  earth  model 
characterized  by  a  Maxwell  viscoelastic  rheology  of  the  mantle.  We  carry  out 
a  detailed  analysis  of  the  space  and  time-evolution  of  gravity  changes  associ¬ 
ated  with  a  wide  selection  of  seismic  sources,  addressing  the  role  played  by  the 
viscosity  profile  of  the  mantle  and  by  the  asthenospheric  thickness.  As  a  case 
study,  we  perform  a  synthetic  simulation  of  the  1964  Alaska  earthquake  to  dis¬ 
cuss  the  feasibility  of  an  experimental  detection  of  the  postseismic  gravitational 
effects,  which  would  be  of  great  importance  in  understanding  the  dynamics  and 
viscosity  profile  of  mantle  and  asthenosphere. 


Regional  approximations  of  the  gravity  anomaly  field  in  Central 
and  Northern  Europe 

V.N.  Strakhov',  11.  .Schafer^.  A. V.  Strakhov' 

'  Institute  of  Physics  of  the  Earth,  B.Gruzinskaya  10,  Moscow  D-242,  Russia 
^  Bundesamt  fttr  Kartographie  und  Geodflsie,  PF  600808,  D- 1 4408  Potsdam,  Germany 
e-mail:  strakhov@dir.iephys.tnsk.su;  ufer@potsdam.ifag.de;  slrakhov@ns.fipc.ru 

Two  types  of  linear  analytical  approximations  of  the  gravity  anomaly  field  are 
considered  with  regard  to  their  usefulness  in  describing  the  gravity  field  for 
territories  up  to  several  millions  square  kilometers. 

The  first  type  is  an  adaptation  of  a  linear  approximation  of  functions  which  are 
harmonic  outside  a  sphere  and  for  the  case  that  the  gravity  data  is  given  on  the 
physical  surface  of  the  Earth.  In  that  case  the  elaboration  of  a  linear  analytical 
model  leads  to  the  problem  of  finding  out  approximate  solutions  of  strongly 
imderdetermined  systems  of  linear  algebraic  equations. 

The  second  type  is  based  on  a  generalized  Backus-Gilbert  approach,  which 
stands  for  a  variant  of  integral  representation  methods.  In  the  frame  of  this 
approach  it  is  required  to  find  an  approximate  solution  of  a  system  of  linear 
equations  with  symmetric  positive  semidefmite  quadratic  matrices. 

The  composed  software  to  get  solutions  for  both  types  of  approximations  is 
represented.  Both  approaches  were  applied  to  get  regional  approximations  of 
gravitational  field  elements  for  Scandinavia  and  Germany. 

An  analysis  of  the  obtained  models  is  presented  together  with  a  characteristic 
of  the  field  of  application  for  each  of  the  methods. 


MAPPING  GRAVI-EQUIPOTENTIAL  SURFACES  INSIDE  MASSES  BY 
DIRECT  USE  OF  NEWTONS  INTEGRAL 

G.  Strykowski  (National  Survey  and  Cadastre,  Rentemestervej  8,  DK-2400, 
Copenhagen  NV,  Denmark) 


ABOUT  CONNECTION  OF  MANTLE  AND  CRUST  IN  LfTHOSPHERE 
OF  THE  URALS 

B.P.Rvzhvi.  O.V.Bellavin,  N.I.Nachapkin 
Institute  of  Geophysics,  Ural  Branch  of  RAS 
dir@igeoph.mplik.ru  /  Fax:  -t-T  -  3432  -  67  88  72 

The  complex  analysis  of  various  geophysical  anomalies  permits  to  make  new 
conclusions  about  the  peculiarities  the  deep  structure  upper  mantle  and  crust  in 
nothem  and  soulheni  sectors  of  the  Urals.  The  sources  of  isostatic  anomaly,  air 
grax  ity  anomaly,  gcoptencial  anomaly,  conductive  electric  anomaly  are  placed, 
mainly ,  in  the  upper  mantle.  The  upper  mantle  in  the  nothem  sector  has  more 
density.  Bouger  anomaly ,  magnetic  regional  anomalies,  disturbance  of  the  crust, 
the  calculation  of  anomaly  masses  distribution,  fulfilled  on  the  base  deep 
seismic  sounding  data  on  account  of  correlate  connection  between  the  seismic 
wave  velocity  and  thickness  of  the  rocks  proves  also  that  the  deep  structure 
crast  in  nothem  and  southern  sectors  are  dilTerent.  There  are  correlate 
connection  between  mantle  and  crust  anomalies.  The  border  between  sectors  is 
placed  in  the  inters  al  54-56  degrees  N  latitude  and  coincides  with  the  Ufimian 
nose  of  Russian  Plate.  The  Ufimian  nose  determines  the  redistribution  of 
pressure  in  oil  region.  The  reason  of  that  phenomenon  is  the  dilTerentiation  of 
mantle  substance.  The  movement  of  tectonic  activity  and  disturbance  zone  of 
the  Urals  is  observed  from  east  to  west. 


MAGNETIC  AND  GRAVITY  FIELDS  STUDY  AT  REGIONAL 
MAGNETIC  ANOMALY. 

V.  A.  Shapiro,  N.  V.  Fedorova,  N,  P.  Kostrov,  V.  V.  Kormiltsev  and  N.  N. 
Vinnichuk 

Institute  of  Geophysics,  100  Amundsen  Str.,  Ekaterinburg,  620016  Russia. 
sevaOmaglab.mplik.ru/Fax:  [7]  3432  678  872 

Manchagh  regional  magnetic  anomaly  located  at  the  western  edge  of  East- 
European  platform.  It  has  diameter  more  than  100  kms  and  intensity  of  the 
total  field  in  epicentre  close  to  1500  nT.  The  territory  of  the  anomaly  was  cov¬ 
ered  by  ground  vertical  component  and  airborne  total  field  surveys.  Besides 
a  number  of  profiles  of  special  precise  aeromagnetlc  observations  at  altitudes 
from  150  m  to  5000  m  above  ground  were  carried  out  there.  According  to  seis- 
mological  data  the  thickness  of  sediments  at  the  territory  of  anomaly  varies 
from  4000  to  10000  m.  We  interpreted  anomalous  field  with  2-D  and  3-D  tech¬ 
nique  taking  into  account  the  demagnetisation  factor.  According  to  the  results 
of  research  two  variants  of  models  were  constructed.  1.  Thick  body  with  the 
upper  edge  at  the  depth  of  10  kms  and  lower  margin  at  40  kms.  2.  Thin  body 
with  the  upper  edge  at  the  depth  of  10  kms  and  lower  margin  at  20  kms.  The 
rather  week  gravity  anomaly  was  also  investigated  and  joint  interpretation  of 
magnetic  and  gravity  field  was  carried  out.  Magnetic  basement  relief  and  relief 
of  diurnal  surface  was  also  taken  into  consideration. 


NON-LINEAR  GRAVITY  INVERSION  INCORPORATING  BOTH 
DENSITY  AND  GEOMETRIC  PARAMETERS 

P.L.Smilde 

Institut  fUr  Geowissenschaften,  University  Mainz 
smilde@mail.uni-mainz.de/FAX:  -649-6 131-39-3173 

Most  gravity  inversion  schemes  try  to  fit  unknown  densities  in  a  big  number  of  cells 
with  predefined  shape.  This  inversion  problem  has  the  advantage  of  being  linear,  at 
least  when  a-priori  information  on  the  cell-densities  is  assumed  to  be  well  described 
by  a  gaussian  distribution.  Because  this  is  usually  not  the  case,  complex  (iterative) 
inversion  algorithms  must  be  used  to  include  complex  conditions  expressing  the  a- 
priori  knowledge  in  terms  of  relations  between  ,densties  in  neighboured  or  otherwise 
related  cells.  For  such  problems  it  is  easier  to  express  the  geometric  a-priori 
information  in  geometric  parameters.  Because  the  a^priori  information  turns  the 
linear  problem  into  a  non-linear  one  anyhow,  the  use  of  the  non-linear  relations 
between  geometry  and  gravity  observations  is  no  big  disadvantage  anymore.  The 
non-linearity  is  in  most  cases  not  too  severe,  so  that  itaration  with  the  linearzed 
version  of  the  problem  converges  usually  quit  soon.  It  is  also  much  easier  to  define 
general  geologic  a-priori  information  in  terms  of  just  a  few  geometric  parameters, 
which  allows  for  a  better  reduction  of  the  solution  space  of  the  non-unique 
gravimetric  inverse  problem. 


Abstract:  The  geoid  is  conceptually  defined  as  an  equipotential  surface  in  a  sense  of 
Newton’s  law.  However,  the  present  day  geodetic  definition  of  the  geoid  circumvents 
the  direct  use  of  Newton's  integral,  i.e.  the  direct  use  of  mass  density  of  the  attracting 
body.  In  practise,  only  very  simple  mass  density  models  are  used.  The  visible 
topomphy  and  the  (sea)  water  have,  respectively,  standard  mass  density  values  of  2.67 
g/cnr  and  1.03  g/cm’.  Furthermore,  the  topographical  masses  are  often  compensated 
in  depth  by  some  standard  isostatic  compensation  model,  e.g.  Airy-Heiskanen.  The 
(existing)  true  mass  density  in  the  subsurface  can  deviate  considerably  from  the  above 
simple  mass  density  model.  Assuming  that  both  mass  density  models  (the  simple  one 
and  the  true  one)  are  consistent  with  the  measured  surface  gravity  signal,  the  difference 
between  the  two  belongs  to  the  null  space  of  ±e  inverse  gravimetric  problem  (which  has 
other  elements  than  the  zero  mass  density  distribution). 

Consequently,  modelling  of  the  equipotential  surfaces  inside  the  masses  as  it  is  done 
in  Geodesy  deviates  from  the  equipotential  surfaces  obtained  by  the  direct  use  of 
Newton's  integral.  The  purpose  of  this  contribution  is  to  shidy,  quantitatively,  how  big 
this  effect  is.  The  study  area  is  Jutland  peninsula  (Denmark).  The  area  (256  km  x  206 
km)  is  flat  (the  hights  do  not  exceed  200  m  above  mean  sea  level).  However,  there  are 
large  mass  density  variations  in  the  subsurface.  The  depths  to  various  geological  units 
are  known  to  the  approximate  depth  of  10000  m  and  can  be  represented  on  a  2  km  x  2 
km  grid.  In  an  earlier  study,  a  detailed  mass  density  model  for  different  geological  units 
was  obtained.  The  model  is  based  on  a  combination  of  borehole  information  and  surftce 
gravity  data  and  includes  depth  variations  of  the  mass  density  within  geological  units. 
Thus,  changes  of  the  gravity  potential  with  depth  can  be  determined  directly. 
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ON  INCREMENTAL  STRESSES  CAUSED  BY  TIDES, 
VARIABLE  ROTATION  RATE  OR  SURFACE  MASS 
LOADS,  AND  EARTHQUAKE  TRIGGERING 

S.  Tomecka-Suchori  (1),  C.  Denis  (2)  and  Y.  Register  (2) 

(1)  AGH,  Institute  of  Geophysics.  30  al.  Mickiewicza,  PL-30059  Krakow 

(2)  Institute  of  Astrophysics  &  Geophysics,  5,  av.  de  Cointe,  B-dOOO  Liege 
denis@astro.ulg.ac.be  /  Fax:  -f32-4-252-7474  /  Phone;  -1-32-4-2.52-9980 

In  a  recent  paper,  Varga  and  Grafarend  [Phys.  Earth  Planet.  Int.,  93(1996), 
285-297]  consider  the  distribution  of  luni-solar  elastic  tidal  stresses  within  the 
Earth’s  mantle,  and  discuss  rather  briefly  a  possible  correlation  between  tidal 
stress  and  the  occurrence  in  time  of  seismic  events.  Although  a  tidal  triggering 
of  earthquakes  can  by  no  means  be  excluded,  their  paper  hardly  provides  more 
direct  evidence  than  had  been  given  previously  by  other  authors.  Nevertheless, 
it  occurs  to  us  that  it  is  important  to  have  an  exact  idea  of  the  tidal  stresses 
within  the  Earth,  as  well  as  of  the  stresses  associated  with  changes  of  the  Earth’s 
spin  or  with  surface  mass  loads  such  as  variable  ice  caps  on  a  long  time  scale, 
variable  air  masses  on  shorter  time  scales.  Varga  and  Grafarend  provide  such 
stress  curves  for  zonal,  tesseral  and  sectorial  tides,  but  their  results  are  marred 
by  the  fact  that  they  use  the  equations  for  static  deformation  and  thus  are  led 
to  impose  the  unrealistic  physical  constraint  that  the  core-mantle  boundary 
be  stress-free.  Here  we  study  the  effect  of  this  questionable  assumption  by 
computing  the  incremental  stress  distributions  within  crust,  mantle,  and  core 
using  the  correct  dynamic  approach. 


TEMPORAL  VARIATION  OF  SECOND  DEGREE  GEOPOTEN¬ 
TIAL 

P. Varga  (Geodetic  and  Geophysical  Research  Institute  of  Hung. 
Acad,  of  Sci.,  Sopron,  POB  5,H-940I,  e-mail:varga®ggki.hu,Fax: 
-b36-99  -  313  267 

The  temporal  variation  of  the  external  gravity  potential  can  be  de¬ 
scribed  with  the  time  derivative  of  the  second  zonal  geopotential  co¬ 
efficient  Jj.  The  dJj/dt  value  derived  from  Lageos  and  Starlette  data 
under  the  condition  of  conserved  angular  momentum  apparently  con¬ 
tradict  to  results  obtained  for  the  secular  changes  in  Jj  derived  from 
the  variation  in  axial  rotation  speed  in  geological  time-scale.  Studies 
of  the  present  glacial  discharges  show  that  the  dJifdt  values  deduced 
from  laser  data  of  Lageos  and  Starlette  can  be  explained  by  this  phe¬ 
nomenon.  On  the  other  hand  the  secular  decrease  of  the  angular 
speed  in  geological  scale  of  time  can  be  completely  explained  by  tidal 
effects.  This  conclusion  is  based  on  the  study  of  the  angular  mo¬ 
mentum  equation  and  on  dJz/dt  value  derived  from  paleontological 
spindown  values. 


THEORY  OF  POST-SEISMIC  DEFORMATION  AND  GRAVITY 
POTENTIAL  FIELD 

L.  L.  A.  Vermeersen  (1)  and  R.  Sabadini  (2) 

(1)  Geodetic  Institute,  Stuttgart  University,  Geschw-Scholl-Strasse  24D,  D- 
70174  Stuttgart,  Germany,  (2)  Dipartimento  di  Scienze  deila  Terra,  Sezione 
Geoflsica,  Via  L.  Cicognara  7, 1-20129  Milano,  Italy. 

An  earthquake  causes  a  redistribution  of  the  strain  fieids  in  crust,  lithosphere 
and  mantle.  The  relaxation  of  these  strain  fields  is  detectabie  at  the  surface  of 
the  Earth  as  expontial-like  decaying  deformation  patterns  by  GPS-networks. 
From  relating  measurements  of  post-seismic  behaviour  to  the  earthquake  source 
parameters  by  means  of  viscoelastic  Earth  models,  our  knowledge  about  the 
Earth’s  internal  constitution,  creep  properties  and  dynamics  can  be  signifi- 
cantiy  enhanced. 

An  overview  is  given  of  the  mathematical  formalisms  by  which  post-seismic 
rela.xation  can  be  modelled  for  a  spherically  stratifled,  self-gravitating  Earth 
model  with  a  viscoelastic  rheology.  These  formalisms  show  much  resemblance 
with  formalisms  for  treating  post-glacial  rebound.  Special  attention  will  be 
devoted  to  the  strong  influence  that  stratifleation  of  the  shallow  layers  has  on 
post-seismic  deformation  and  gravity  fields. 


THE  CRUSTAL  STRUCTURE  AND  THE  GEOID  IN  THE 
FENNOSCANDIAN  SHIELD 

Z.  Wane 

Finnish  Geodetic  Institute,  Geodeetinrinne  2  (PL  15),  FIN-02431, 
MASALA,  Finland 

2hitong.wang(gfgi.fi/Fax:  +358-9-295  55  200 

According  to  the  theory  of  isostasy,  the  Earth  is  a  variable  mass  body  that 
may  deform  itself  in  order  to  reach  an  equilibrium  stage.  The  land  uplift 
phenomenon  in  the  Fennoscandian  Shield  is  believed  to  be  such  a  process 
that  is  caused  by  the  loading  and  unloading  of  ice  sheets  in  the  Ice  Ages.  The 
geoid,  as  an  equipotential  surface  of  the  Earth’s  gravity  filed,  is  determined 
by  the  mass  distribution  interior  of  the  Earth.  The  geoid  varies  since  the 
variations  in  mass  distribution  occurred  in  company  with  the  land  uplift.  In 
this  paper,  the  effects  of  mass  anomalies  in  the  crust  on  the  geoid  are 
estimated  in  order  to  get  better  understandings  to  the  land  uplift  process.  3D 
strucniral  model  of  the  crust  is  constructed  according  to  deep  seismic 
refraction/reflection  studies;  and  empirical  relations  between  the  densities 
and  velocities  are  applied.  It  have  been  found  that  the  crust  plays  an 
important  part  in  the  characteristics  of  the  local  geoid. 


On  applying  the  regularization  WIGCONT  to  potential  field 
downward  continuation  -  consequences 

W.  Webers  (GeoForschungsZentrum  Potsdam,  Albert-Einstein-StraBe, 
Telegrafenberg,  Haus  G,  D-14473  Potsdam,  Germany) 

The  SHA  field  model  for  the  internal  magnetic  field  enables  to  apply 
a  regularization  procedure  for  a  downward  field  continuation  that  is 
derived  from  the  fact  that  the  physical  content  of  the  SHA  terms 
depends  on  the  distance  of  the  reference  surface  (e.q.  sphere)  from 
the  field  sources. 

When  this  regularization  procedure  WIGCONT  is  used,  simultaneous 
field  models  for  different  reference  spheres  e.g.  the  Earth's  surface 
and  the  satellite  orbit  can  be  compared  and  evaluated  stepwise  for 
the  relevant  contributions  of  the  SHA  terms  per  degree  and  order. 
This  precaution  also  yields  constraints  for  measuring  the  internal 
field  in  the  satellite  orbit.  Moreover,  there  are  also  consequences  for 
what  kind  of  time  variations  of  the  internal  field  can  be  measured 
there. 


•raE  INTERPRETATION  OF  GEOID  ANOMALIES  BY  AN  AUTOMATED 
FITTING  METHOD 

Mykola  Yakymehuk 
(Karbon  LTD,  Kyiv, Ukraine.) 

Yury  Yakymehuk 
Arnold  Cherny 
Ignat  Korchagin 
Yury  Kozlenko 

(Institute  of  Geophysics,  National  Academy  of  Science  of  Ukraine,  Kyiv,  Ukraine) 

The  algorithm  and  program  for  the  geoid  anomalies  interpretation  are  developed  in 
process  of  preparation  for  the  first  sea  trip  to  a  Ukrainian  antarctic  station.  The 
software  is  based  on  the  optimization  of  sum  of  square  differences  between  a 
measuring  and  modeling  geoid  anomalous  components.  The  2?D  prisms  with 
polygonal  section  are  used  for  the  parametrization  of  anomalous  sources.  The  effective 
optimization  procedure  is  applied  for  the  minimization  of  the  objective  functions.  It 
includes  the  gradient-based  algorithms  and  singular  values  decomposition  technique. 
The  developed  software  allows  to  conduct  automated  fitting  of  geometrical  and 
physical  (density  and  magnetization  vector  components)  parameters  of  anomalous 
sources  both,  by  using  geoid,  gravity  and  magnetic  anomalous  data  separately  and 
geoid-gravity,  geoid-magnetic,  gravity-magnetic  anomalous  data  jointly.  The  linear 
transformations  of  the  geoid,  gravity  and  magnetic  anomalies  also  can  be  used  in  the 
interpretation  process.  The  developed  software  will  be  used  for  the  interpretation  of 
geophysical  observation  data  In  the  antarctic  sea  trip,  that  is  planed  for  the  winter 
1996. 


C240 


The  new  aproach  to  recounting  of  potential  fields. 

N.Yakymchuk 
Y.Yakymchuk 
Karbon  Ltd. 

Let  us  take  a  look  at  questions  about  recounting  of  potential  fields  and  questions  about 
calculation  of  the  highest  derivatives  considering  new  mathematical  model.  In  existing 
algorithms  for  initial  surface  of  presenting  fields  was  taken  planetree  or  profile.  Here 
considering  problem  of  recounting  of  potential  fields  in  different  presentation:  1. 
ftinction  U(x,y,z)in  external  area  G I  is  unbreakable  everywhere  considering  to  surface 
,  including  this  surface.  2.  function  U(x,y,z)  in  G1  area  satisfies  Laplas  equation  3. 
function  U(x,z)  takes  in  given  value  on  surface  of  limited  sizes  SI;  surface  SI  and  can 
have  the  same  point,  the  point  of  contact  of  sphere  and  surface  (  3-dimensional 
problem)  and  point  of  contact  of  circle  and  line  ( in  a  case  of  2-dimensional  problem). 
Function  U(x,y,z)  aspires  to  0  when  point  (x,y,z)  aspires  to  infinity.  The  main 
difference  of  presentation  this  problem  from  usual  presentation  of  the  same  problem 
is  the  fact  that  we  have  the  enclosed  area,  which  includes  sources  of  field  with  surface 
,  and  initial  function  is  presenting  on  another,  non-enclosed  area  of  ultimate  sizes  S I . 
For  surface,  which  includes  area,  which  has  anomalistic  sources,  is  taken  surface  of 
circle,  the  cut  of  tall  hat  with  vertical  planetree  (2-dimensional)  or  cut  of  sphere 
(3-dimensional).  The  area  of  presentation  of  initial  field  is  a  part  of  profile  (a,b)  which 
coincide  with  axis  OX. 


ONE  NEW  METHOD  FOR  TRANSFORMATION  OF  POTENTIAL  FIELDS 
TOWARDS  ELEMENTARY  SOURCES 

Zh.Zhelev(I) 

(I)  Geophysical  Institute,  1 1 13  Sofia,  Bulgaria 
jelev@geophys.acad.bg  /  Fax:  (3592)  -  70  02  26 

One  new  method  for  transformation  of  potential  fields  towards  elementary  sources 
is  proposed  here.  A  suitable  computer  program  is  worked  out  and  a  number  of 
theoretical  and  real  experiments  are  carried  out  with  it.  In  general,  the  obtained 
results  (  maps  of  the  corresponding  transformed  field )  visualy  are  very  similar  to 
those  obtained  in  the  analytical  downward  continuation  of  the  respective 
potential  field,  but  this  operation  ( downward  continuation )  is  not  always  correct. 
In  particular,  on  the  basis  of  all  this,  the  magnetic  field  of  the  territory  of  Bulgaria 
is  transformed  towards  optimal  magnetic  point  sources  and  the  corresponding  map 
is  prepared.  The  obtained  results  confirms  the  megablock  structure  of  the  Earth's 
crust  in  Bulgaria,  known  on  the  basis  of  other  independent  information. 


SE37  Regional  magnetic  surveys:  data,  models 
and  charts 

Convener:  Best,  A. 

Co-Convener:  Chiappini,  M. 


SOME  RESULTS  ON  THE  INTERPRETATION  OF  SEVERAL  MAGNETIC 
ANOMALIES  WITH  ELEMENTARY  SOURCES 

Zh.  Zhelev(l)  T.  Petrova  (I) 

(I)  Geophysical  Institute,  1 1 13  Sofia,  Bulgaria 
Petrova@geophys.acad.bg  /  Fax:  (3592)  -  70  02  26 

Several  complicated  magnetic  anomalies  from  the  territory  of  South  Bulgaria  are 
interpretate  with  a  set  of  elementary  sources.  The  unknown  parameters  of  the 
model  (  the  depths  of  the  sources  and  the  respective  masses  )  are 
approximately  determined  through  optimization.  A  model  of  the  corresponding 
magnetic  field  in  the  region  is  constructed  on  this  basis.  The  obtained  results 
seems  to  be  with  a  good  agreement  with  the  expectations  on  the  base  of  other 
independent  information. 


SOME  RESULTS  Of  THE  ANALYSIS  OF  THE  ZARAGOZA  GRAVITY 
ANOMALY  WITH  A  SET  OF  POINT  SOURCES 

Zh.  Zhelev(l),T.  Petrova  (1).  R.  Vieira  (2)  and  F.  Montesinos  (2) 

(1)  Geophysical  Institute,  1 1 13  Sofia,  Bulgaria, 

(2)  Instituto  de  Astronomia  y  Geodesia,  28040  Madrid,  Spain 
Jelev@geophys.acad.bg  /  Fax:  (3592)  -  70  02  26 

The  Zaragoza  gravity  anomaly  was  studied  with  a  set  of  point  masses  model.  After  a 
preliminary  polynomial  approximation  to  eliminate  the  main  part  of  the  regional  trend 
(  so  that  to  ease  the  optimization ) ,  the  local  gravity  anomalies  together  with  the  rest 
of  the  trend  are  modeled  with  a  set  of  point  sources  and  a  linear  trend.  The  unknown 
parameters  of  the  suggested  model  are  determined  through  optimization.  The  obtained 
results  seems  to  be  quite  in  agreement  with  the  caistic  cavities  filled  with  water  or 
sediments  supposed  to  be  at  depths  of  12  to  20  m.  and  the  terrain  colapces  taken  place 
in  the  last  years  in  this  region  ( Alcala  de  Ebro  village  -  Zaragoza,  Spain ) , 


MAGNETIC  SURVEY  OF  THE  AREA  NORTHWEST  OF  EL-QUSEIR-EGYPT 

F.H.AHMED.H.DEEBES  (NATIONAL  RESEARCH  INSTITUTE  OF 
ASTRONOMY  AND  GEOPHYSICS, HELWAN, CAIRO. EGYPT) 
FAX:002-OP-55A8020 

ABSTRACT:  Magnetic  survey  is  made  for  the  area  between 
wadi  abuhamra  and  wadi  abu  shekeelby  two  proton  magneto¬ 
meters, one  for  the  base  station  and  the  other  for  the 
survey  for  the  total force,  the  study  of  the  total  magnet 
ic  Intensity  anomaly  map  of  the  area  reveals  that  there 
are  13  Normal  faults,  6  grabens,4  horsts.and  2  step  faul 
ting  systems  in  the  basement  complex  of  the  area. 


F.M. AHMED, H.DEEBES(NATIONAL  RESEARCH  INSTITUTE  OF  ASTRO¬ 
NOMY  AND  GEOPHYSICS,  HELWAN,  EGYPT) 

ABSTRACT:  A  detailed  magnetic  Survey  of  wadi  Natrun  area 
was  made  for  the  Vertical  Component  of  the  geomagnetic 
field  Using  Fanseiau  Torsion  magnetometer.  The  study  of 
the  area  in  terms  of  its  geological  strucutre  revealed 
that  the  are  twenty  faults  trending  NW-SE,NE-SW,EW,  and 
N-S. 


MAGNETIC  SURVEY  OF  RAS  GHARIB  AREA  IN  EGYPT  FOR  PETROLEUM 
EXPLORATION 

F.M. AHMED, H.DEEBES  (NATIONAL  RESEARCH  INSTITUTE  OF  ASTRO¬ 
NOMY  AND  GEOPHYSICS, HELWAN, EGYPT)FAX.002-02-55A8020 

ABSTRACT:  A  detailed  magnetic  Survey  was  made  For  Ras 
Gharib  area  for  The  vertical  Component  of  the  Geomagnetic 
field  using  fanseiau  Torsion  magnetoneter.  The  Study  of 
the  area  revealed  that  there  are  eleven  faults  trending 
Nw-SE,NE-Sw,E-W,and  N-S. The  Petroleum  oil  May  be  reached 
to  the  surface  of  the  earth  through  the  faults 


ON  THE  NORNLAL  GEOM.4G.NETIC  FIELD  (NGF). 

MODELLNG  AND  UNDERSTANDING 

Lucian  Besutiu 

Geological  Survey  of  Romania,  Geophysics  of  Litosphere  Dept, 
e-mail:  besutiu^IGR.RO;  fax:  401-312.84.44 

The  paper  deals  with  problems  related  to  ngf  concept  within  confined  areas. 
Both  spherical  harmonic  and  polynomial  regression  based  ngf  models  for 
the  Romanian  territory  have  been  performed  and  compared  for  various 
magnetic  epochs  trying  to  decode  their  limits  and  geological  support.  The 
analysis  clearly  showed  that  local  spherical  harmonic  ngf  models  are 
strongly  affected  by  regional  circumstances.  The  neighborhood  of  the  Kursk 
geomagnetic  anomaly  determines  a  local  trend  within  the  equivalent 
geomagnetic  dipole  field  (n=l,  2)  by  forcing  magnetic  contours  to  step 
toward  north-east  instead  of  north-west  as  in  the  case  of  the  global  models. 
Compared  to  the  spherical  harmonic  models,  ngf  models  constructed  as 
second  order  polynomials  proved  to  be  close  to  the  field  of  the  equivalent 
geomagnetic  eccentric  dipole  (n=2).  except  for  a  residual  anomaly  central 
Romania  located.  Increasing  errors  through  out  the  state  border,  due  to  the 
neglecting  of  the  Earth’s  curvature,  were  also  evidenced. 


GEOMAGNETIC  FIELD  ON  THE  TERRITORY  OF  YI.’GOSLAVIA  FOR  T  HE 
EPOCH  199.5.5. 

T'.  Rieskei  ( I i  and  A  Haskiclll 

(1)  Geomagnetic  institute.  1 1306  Grock.i ,  Yugoslavia 

The  renewed  three-component  geomagnetic  survey  on  the  territory  of  Yugoslavia  has 
been  realized  during  two  years  time  period  between  1994  and  1996.  The  intensity  of 
the  corresponding  components  of  a  geomagnetic  field  vector  were  measured  at  240 
different  locations,  distributed  on  the  whole  area  (with  average  distance  of  20  km 
benveen  neighbouring  locations)  all  values  were  reduced  to  the  epoch  1995.5,  using 
data  from  Uie  geomagnetic  observatory  Grocka.  On  the  basis  of  diis  data  applying  a 
rectangular  harmonic  analysis  magnetic  as  well  as  magnetic  anomaly  maps  were 
derived  for  corresponding  field  component.  The  analytical  representanion  of 
measured  field  data  with  help  of  two-dimensional  Fourier  series  alow  as  a. )  to  derive 
eoiisisicnt  pah  of  northward  (X)  and  eastward  00  component  magnetic  maps;  b.) 
and  in  a  case  of  anomaly  magnetic  maps  it  yields  an  effective  fool  for  magnetic 
interpretation. 


COORDINATED  MAGNETIC  REPEAT  STATION  SURVEY  IN 
EUROPE 

M.Alexandrescu  (1),  J.Berger  (21.  A. Best  (31.  G.Duma  (2).  M.Frcdow  (3). 
P.Hejda  (4),  J.Horacek  (4).  A.  Sas-Uhrynowski  (5),  Z.Zoltowsfci  (5) 

(l)Institut  de  Physique  du  Globe  dc  Paris.  (2)Zentralamt  fur  Meteorologie  u. 
Geodynamik  Wien,  (3)GeoForschungsZenirum  Potsdam.  (4)Geophy5ikalni  Institui 
Praha,  (5)Institute  of  Geodesy  and  Cartography  Warszawa 

In  the  last  years  several  institutions  have  carried  out  m,ignetic  surveys  for  the 
study  of  the  geomagnetic  field,  especially  for  the  secular  variations  (SY)  and 
magnetic  anomalies.  The  density  of  repeat  stations  and  the  time  interval  between 
the  surveys  varies  from  country  to  country.  Furthermore,  conducting  such  surveys 
depends  increasingly  on  the  economic  situation  of  the  countries.  Therefore  it 
seems  to  be  favourable  to  increase  the  scientific  content  of  the  survey  by  coupling 
the  measurements  of  the  repeat  stations  along  the  border  of  neighbouring 
countries. 

During  1997  institutes  from  Austria,  Czech  Republic.  France,  Germany  and 
Poland  have  undertaken  common  measurements  on  both  side.s  of  the  border  of 
Germany.  The  aim  was  to  couple  the  results  of  recent  measurements  for  a 
comprehensive  magnetic  mapping.  The  paper  intend  to  give  a  report  about  the 
measurements  including  data  processing  and  evaluation  (reduction  raethodl.  the 
used  magnetic  equipment,  the  comparison  between  different  stations  of  first  order 
and  so  on. 


Ordinary  and  spherical  cap  harmonics  and  an  integral  matrix-based 
approach  for  modelling  regional  magnetic  data 

A.  De  Santis  ( I ),  J.M.  Torta  (2,3) 

(1)  Isiituto  Nazionale  di  Geofisica.  Rome.  Italy  desantisag@ingrm.it 

(2)  Museo  Nacional  Ciencias  Naturales,  Madrid.  Spain 

(3)  Observatori  del  Ebre,  Roquetes,  Tarragona.  Spain 

In  a  spherical  cap-  like  region  there  exists  a  relation  connecting  the  spherical  cap 
harmonics  and  the  ordinary  spherical  harmonics,  involving  the  values  of  the  basis 
functions  or  their  theta-derivatives  at  the  cap  boundary.  From  this  finding,  an  integral 
matrix-based  approach  can  be  introduced  and  applied  for  modelling  magnetic  data 
taken  in  a  regional  cap-like  region. 
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THE  STRUCTURE  OF  THE  URALS  CRUST  ACCORDING  TO 
GEOMAGNETIC  DATA 

N.  V.  Fedorova  (1),  V.  A.  Shapiro  (1)  and  A.  V.  Chursin  (2) 

(1)  Institute  of  Geophysics,  100  Amundsen  Str.,  Ekaterinburg,  620016  Russia, 

(2)  UralGeolKom,  Ekaterinburg,620024,  Russia. 
sevaCmaglab. mplik.ru/Fax:  [7]  3432  678  872 

The  Urals  orogenic  belt  is  one  of  the  great  structural  feature  of  the  Eurasian 
continent.  According  to  recent  point  of  view  Uralian  crust  was  developed  during 
the  collision  of  island  arc  and  micro  continental  fragments  with  the  structures 
of  East  European  Craton.  A  great  variety  of  geological  and  geophysical  inves¬ 
tigations  was  carried  out  at  the  Southern  and  Middle  Urals  during  last  decade 
in  the  framework  of  Uralides  Project  as  a  part  of  Europrobe  international  Pro¬ 
gramme.  The  range  of  geomagnetic  investigation  of  the  lithosphere  was  carried 
out  at  the  Urals  during  last  two  decade.  One  of  the  most  important  part  of 
this  research  complex  is  precise  aeromagnetic  survey  along  the  network  of  pro- 
-files  with  the  length  up  to  1200  kms  crossing  the  otogenic  belt  in  latitudinal 
direction.  Besides  the  airborne  survey  we  used  satellite  magnetic  data  and  in¬ 
vestigated  all  spectrum  of  geomagnetic  variations  from  short-period  to  secular, 
studied  magnetic  field  dynamic  and  used  new  method  for  interpretation  of  ex¬ 
perimental  data.  As  a  consequence  of  this  research  we  construct  the  magnetic 
model  of  the  crust  along  number  of  profiles.  As  a  result  of  study  we  come  to 
conclusion  that  the  Urals  has  practically  non-magnetic  crust  in  comparison 
with  the  magnetization  of  the  crust  of  adjacent  platforms. 


RAPID  INTERPRETATION  OF  MAGNETIC  ANOMALIES 

Pavlo  Grvshchtik  (1) 

(1)  Kyiv  University.  Vasylkivska  Str.  90,  252022  Kyiv.  Ukraine 

A  computer  has  been  developed  for  2D  analysis  of  total  field  of 
magnetic  animalies  due  to  arbitrary  polarization.  A  prism  of  the 
different  dip  with  arbitrary  polarisation  is  used  as  a  basic  model.  The 
results  of  interpretation  are  presented  by  co-ordinates  and  also 
by  geornetrical  parameters  and  magnetic  properties  of  sources  of 
magnetic  disturbance.  Thus,  there  are  the  real  preconditions  for 
construction  of  the  most  reliable  model  in  initial  approximation. 
This  method  directed  for  prospecting  of  magnetic  anomalies  as 
sources  over  intrusions  which  may  used  for  extraction  of  the  mineral 
deposits.  Also  real  possible  to  interpret  the  low  anomaly  for  oil-gas¬ 
bearing  structures.  The  method  is  applied  to  analyze  the  total  field 
aeromagnetic  anomaliess  in  North-West  region  of  Ukrainaina  Shield. 


A  FAST  DELTA  ”1”  DELTA  ”D"  SYSTEM  FOR  MEASUREMENT 
OF  GEOMAGNETIC  ELEMENTS 

•A.W.  Green  (1),  L.  Hegymegi  (2),  .A.  Kormendi  (2),  L.W.  Pankratz  (1)  and 
E..A.  Sauter  (1) 

(1)  U.S.  Geological  Survey,  MS  968,  FOB  2-5046,  Denver,  CO  80225-0046,  USA, 

(2)  Eotvos  Lorand  Geophysical  Institute,  H-1440  Budapest,  POB  35,  Hungary. 
hegymegiOelgi.hu/Fax:  [36  1]  384-3306 

The  principle  of  the  ASMO  systems  of  the  1960’s  is  used  to  measurethe  module 
and  pointing  of  the  geomagnetic  field  vector  in  an  intervalof  2  seconds.  Orig¬ 
inally  the  system  used  optically  pumped  Rubidium  orCesium  magnetometer 
and  a  big  diameter  Helmholtz  coil  pair.  This  instrumentwas  suitable  only  for 
observatory  use.  Recently  the  magnetometer  wasreplaced  with  low  cost  and  low- 
power  Overhauser  proton  magnetometer  andthe  Helmholtz  coil  system  with  a 
compact  spherical  coil  using  twoperpendicular  systems.  The  measuring  system 
is  operating  from  batteryand  has  an  embedded  microcomputer.  The  microcom¬ 
puter  controls  the  entireoperation  with  timing  updated  frequently  from  a  GPS 
receiver.  The  measuringsystem  was  intended  for  observatory  use  but  due  to 
its  easy  installation  andoperation  it  can  be  used  for  magnetic  survey  as  well 
specialty  in  regionwhere  observatory  data  are  not  available. 


MABNETIC  ATLAS  OF  THE  BALTIC  SEA 

l.M.Demina  (1),  L.G.Kasyanenko  fit.  ASas-Uhrvnowski  (2),  E. Welker  (2) 

(1)  IZMIRAN,  StPeterburg  Branch,  Fax:  -t078 12  3 10  5035,  (2)  Institute  of 
Geodesy  and  Cartography,  Warsaw,  Fax:  -HAS  22  827  0328, 
e-mail:  astro@igik.edu.pl 

Results  of  measurements  of  the  geomagnetic  field  on  the  Baltic  Sea,  using 
nonmagnetic  ship  RAf  Zatya  in  the  years  1970-1990,  have  been  collected  in  the 
digital  data  base.  Magnetic  data,  with  temporal  variation  corrections  included,  were 
reduced  to  the  epoch  1995.5.  The  whole  length  of  the  ship  tacks  along  which  the 
continuous  measurements  were  performed,  was  more  than  30  000  n.m.  The  average 
distance  between  individual  tacks  was  about  2.5  n.m.  Accuracy  of  measurements 
was  of  25-35  nT  for  F,  Z  and  H  and  0.2°  -0.3°  for  D.  Using  the  mentioned  above 
data  base,  the  1  x  1  km  grid  has  been  computed  and  then  the  graphical  Atlas  of 
Magnetic  Maps  for  Baltic  Sea  has  been  worked  out.  Atlas  contains  maps  of  D,  I,  F, 
Z,  H,  Fa,  Za,  Ha  in  the  scale  of  1  :  5  OOO  000.  Maps  of  D  and  Fa  are  also  presented 
in  the  scale  of  1  :  1  500  000.  Maps  of  the  normal  field  and  maps  of  isopores  are 
added  to  the  Atlas  as  well  as  the  map  of  the  tacks.  As  an  example  of  using  the  data 
base,  depths  of  the  sources  of  magnetic  anomalies  have  been  calculated.  Several 
systems  of  linear  disruption  of  the  crystalline  foundation  being  perpendicular  to  the 
already  known  systems  have  been  revealed.  These  systems  correlate  with 
contemporary  bottom  relief  The  CD  ROM  with  magnetic  data  for  1  x  1  km  grid, 
description  of  data,  method  of  compilling  the  maps  and  method  of  their 
interpretation,  are  enclosed  to  the  Atlas. 


ESTABLISHMENT  OF  MAGNETIC  SECULAR  VARIATION  NETWORK 
IN  BELARUS 

G.  Karataev,  (1)  O.  Karagodina  (1),  A  Sas-Uhrynowski  (2\  S.  Mroczek  (2) 

(1)  Institute  of  Geological  Sciences  of  the  National  Academy  of  Sciences  of  Belarus 
Minsk,  Fax:  +37S  172  636397  (2)  Instinite  of  Geodesy  and  Cartography,  Warsaw, 
Fax:  -V48  22  827  0328 

In  1997,  twelve  magnetic  secular  variation  (SV)  stations  on  the  territory  of  Belarus 
were  established.  These  stations,  together  with  the  Magnetic  Observatory 
Pleshtchenice  create  the  Belarussian  SV  network.  In  1996,  the  Magnetic 
Observatory  Pleshtchenice  was  cotmected  with  European  observatories  Belsk 
(Poland)  and  Niemegk  (Germany)  by  means  of  comparison  measurements, 
performed  using  proton  magnetometer  and  magnetometer  D/I  Flux.  In  summer 
1997,  the  first  set  of  3  day  observations  was  made  on  seven  SV  stations  using  the 
same  magnetometers.  The  rest  (5)  stations  will  be  observed  in  1998.  The  Polish 
SV  network  consisting  of  19  stations  and  2  observatories  -  Belsk  and  Hel,  and  the 
Belarussian  one  will  be  both  used  for  research  of  the  magnetic  secular  variations  on 
the  territories  of  both  countries.  The  main  attention  will  be  paid  to  the  Northern 
part  of  the  Precambrian  Platform.  It  is  also  planed  to  include  the  Lithuanian  SV 
network  into  common  research. 


MAGSAT  MAGNETIC  ANOMALY  FIELDS  FOR  EUROPE  AND 
ASIA 

A.L.  Kharitonov,  S.D,  Odintsov,  N.M.  Rotanova  and  Yu.P.Tsvetkov 
Institute  of  Terrestrial  Magnetism  and  Radio  Wave  Propogation,  Troitsk, 
Moscow  Region,  142092  Russia. 
izmiran-omzpObigfoot.com 

Based  on  the  Magsat  data  the  scalar  and  vector  magnetic  anomaly  maps  over 
the  European-asia  area  are  constructed.  Series  of  the  intensive  magnetic  anoma¬ 
lies  confirming  magnetic  inhomogeneity  of  these  regions  are  extracted.  The  an¬ 
alytical  models  of  the  anomaly  fields  with  the  using  the  spherical  cap  harmonic 
analysis  are  produced.  The  modelling  maps  are  camputed  at  the  different  satel¬ 
lite  altitudes.  It  is  shown  the  anomaly  field  over  the  Asia  area  is  more  smooth 
as  against  the  crust  anomaly  field  for  the  Europe.  RMS  is  estimated  to  be 
about  2-3  nT  for  the  Europe  and  only  1,5  nT  over  the  .Asia  region.  The  profiles 
of  the  anomaly  fields  based  on  the  satellite,  aerostatic  and  aeromagnetic  ate 
produced,  the  field  damping  w-ith  the  altitude  is  estimated.  Comparison  of  the 
magnetic  anomaly  fields  with  the  tectonic  structure  and  with  the  other  geo¬ 
physical,  parameters  is  carried  out.  It  is  made  the  supposition  about  the  nature 
of  the  extracted  magnetic  anomalies  from  the  Magsat  satellite  measurements. 
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DATA  QUALITY  OF  REGIONAL  MAGNETIC  SURVEY 

V.  Korepanov.  E.  Klymovych 

Lviv  Centre  of  Institute  of  Space  Research,  Ukraine 

vakor@isr.lviv.ua 

There  are  some  very  interesting  European  projects  including  regional 
field  magnetic  surveys.  The  main  peculiarity  of  these  field  works  is  that 
they  will  be  conducted  not  in  stationary  observatory  conditions  and  there 
are  many  ambient  factors  interfering  with  the  collected  data  and  so 
reducing  drastically  its  quality.  Two  main  sources  make  the  most 
significant  input  to  the  error  of  magnetic  field  measurements:  temporal 
and  thermal  dependence  of  the  magnetometer  readings.  The  estimation  of 
these  errors  at  existing  magnetometers  is  made  and  some  new  results  of 
their  minimisation  are  considered.  Some  results  of  recent  field  magnetic 
surveys  made  in  Finland  and  Western  Ukraine  in  1997  are  presented  and 
the  influence  of  said  error  factors  is  discussed.  New  generation  of  low 
power  autonomous  three-components  magnetic  station  LEMI-007  having 
automatic  drift  compensation  and  GPS-synchronisation  and  peculiarities 
of  its  design  are  presented.  The  possible  approach  to  the  development  of 
low-cost  high-class  magnetometer  including  such  applications  as  sea-bed 
and  polar  region  long  term  magnetic  survey  is  discussed  and  a  possible 
approach  to  the  calibration  of  magnetometer  in  the  time  of  field 
experiment  is  proposed. 


MAGNETIC  ANOMALIES  AND  SECULAR  VARIATION  IN  CENTRAL 
EUROPE 

M.  Korte.  A.  Best,  V.  Haak 
GeoForschungsZentmm  Potsdam 
monika@gfz-potsdam.de 

Regional  magnetic  surveys  or  secular  variation  network  measurements  have  been 
regularly  carried  out  in  most  European  countries  during  the  last  50  years.  The 
density  of  the  measuring  network  and  the  time  intervals  between  successive 
measurements  vary  from  country  to  country.  In  many  cases  the  number  of 
measurements  decreased  with  time  due  to  increasing  technical  disturbances  or 
personnel  or  financial  reasons. 

Secular  variation  models  can  be  used  to  unify  networks  of  different  epochs. 
Reducing  the  values  measured  in  different  years  in  the  various  countries  to 
common  epochs  leads  to  combined  data  sets  for  the  region  of  central  Europe. 

Thus  comparable  magnetic  maps  and  magnetic  anomaly  maps  of  three  components 
can  be  modelled  for  different  epochs,  showing  the  secular  variation  and  allowing 
an  investigation  on  potential  time  variations  of  the  anomalies.  Whereas  anomalies 
due  do  diffcrencies  in  the  magnetization  of  the  earth’s  crust  should  not  vary  with 
time,  there  might  be  anomalies  due  to  induction  effects,  that  show  time  variations. 


INITIAL  RESULTS  FROM  ANALYSIS  OF  PERIODIC  AND 
SECULAR  VARIATION  BY  LabVIEW  +  HiQ. 

A.  KOrmendi  (1),  M.  Alexandrescu  (2),  J-L.  Le  Mouel  (2),  O.  Rasmussen  (3). 

(1)  EOtvOs  LorSnd  Geophysical  Institute,  Budapest  (2)  Institut  Physique  du  Globe, 
Paris  (3)  Danish  Meteorological  Institute,  Copenhagen 
h7215obs@ella.hu/Fax  +36  87  448  501 

Traditionally  a  geomagnetic  observatory  was  an  isolated  place  where  diligent 
scientists  collected  and  tabulated  in  books  the  values  of  the  observed  components 
of  the  Earth’s  magnetic  field.  The  possibilities  to  process  the  data  were  limited  and 
the  processing  itself  was  separated  from  the  observatory.  Annual  or  monthly  means 
as  the  "essence  distilled"  from  the  observed  values  were  used  for  modelling.  These 
series  of  means  are  contaminated  by  long-periodic  magnetic  fluctuations  which  is 
the  source  of  uncertainity  in  the  SV  coefficients.  In  our  days  hourly  means  are 
available  in  digital  form  at  the  WDCs.  Contemporary  software  packages  for  desktop 
PCs  make  possible  sophisticated  analysis  "in  situ".  The  paper  presents  how  from 
short  (12  hours)  to  long-periodic  (11  years)  fluctuations  can  be  detected  and 
eliminated  from  the  magnetic  time  series.  The  method  can  produce  mote  clean  SV 
curves  and  it  improves  the  accuracy  of  modelling. 

LabVIEW  and  HiQ  are  the  parts  of  the  software  package  of  National  Instruments 
US.  Add-on  tool-kits  like  Wavelet  and  Filter  Banks  (WFB),  Joint  Time  Frequency 
Analysis  (JTFA),  Digital  Filter  Design  (DFD),  etc.  are  available  too.  The  later  ones 
have  been  used  in  our  work. 


NEW  COMPUTER  DERTVED  MAGNETIC  ANOMALY,  GRAVITY  AND 
BATHYMETRY  MAPS  IN  THE  NORTH  EURASIAN  SHELF 

S.  Maschenkov,  V.  Glebovsky,  E.  Daniel,  A.  Zayonchek 
VNIIOkeangeologia,  St.  Petersburg,  Russia,  mascha@vniio,nw.ru 

We  present  new  digital  compilation  of  the  aeromagnetic,  gravity  and  bathymetry  data 
collected  by  Russian  agencies  in  the  North  Eurasian  shelf.  In  addition  to  recently 
collected  digital  data  a  lot  of  aeromagnetic  data  has  been  digitized  in  analogue  or 
magnetic  anomaly  profile  forms  to  be  reprocessed  and  readjusted  using  interactive 
visualization,  crossover  analysis,  navigational  shifting  of  profile  locations  and 
directional  filtering.  Gravity  and  bathymetry  data  bases  were  compiled  from  the 
various  maps,  shipborh,  and  on-ice  observations.  In  the  Kara  and  Baretz  Seas  data  sets 
were  gridded  at  5  km  interval,  in  the  East  Eurasian  Shelf  existing  data  coverage  allows 
to  calculate  only  10  km  grids.  The  gridded  data  are  presented  as  computer  generated 
shaded  relief  color  magnetic  anomaly,  bathymetry  and  gravity  maps  which  provide 
new  information  for  regional  characterization  of  major  tectonic  elements  of  the 
Russian  Arctic  Shelf.  The  relief  and  deep  structure  of  ot  the  basement  were  studied  in 
applying  2D  and  3D  potential  field  modeling. 


IGFR  Model  and  Geomagnetic  Repeat  Station  Surveys  in 
Yugoslavia 

Mihajlovic  J.  S.,  Popeskov  D.,  Obradovic  M. 
(Geomagnetic  Institute  Grocka,  11306  Grocka,  Yugoslavia) 

In  period  1994-1996,  survey  on  secular  stations  and  the  magnetic 
survey  stations  in  Yugoslavia  is  done,  the  measurement  on  19 
secular  stations  during  1994  and  on  100  the  magnetic  survey 
stations,  during  1995  and  1996  are  done.  The  results  of  geomagnetic 
field  values  measurements  on  secular  station  and  the  magnetic 
survey  station  are  done  with  model  IGRF,  1995  revision  -  lAGA 
Working  Group  V-8  (Barton  C.E.  et  ali;  Geoph.  Jour.  Int.;  1996;  125; 
pp.  318-321)  and  the  values  which  are  get,  are  indicated  as 
differences  AT  =  Tyu  -  Tigrfisss- 

The  analysis  of  differences  values  aT  on  secular  stations  and  the 
magnetic  survey  stations,  which  are  aligned  in  ones  regions  of 
Yugoslavia. 

The  procedure  of  analyses  of  values  and  expanses  allotment  of 
differences  AT,  enables: 

-to  show  the  quality  of  selection  of  marks  net  in  some  regions,  where 
the  survey  is  done; 

-  to  signify  on  existence  some  regional  and  local  characteristic  in 
allotment  of  AT  differences  of  geomagnetic  field  in  Yugoslavia, 


SPECTRAL  ANALYSIS  OF  THE  MAGSAT  GEOMAGNETIC 
FIELD 

N.M.  Rotanova  and  A. L. Kharitonov 

Institute  of  Terrestrial  Magnetism  and  Radio  Wave  Propogation.  Troitsk, 
Moscow  Region,  142092  Russia. 
izmiran-omzpCbigf oot . com 

Spectral  analysis  of  the  scalar  and  vector  geomagnetic  field  measured  by  Magsat 
is  carried  out.  Spectra  were  computed  by  the  method  maximum  entropy.  Spec¬ 
tral  analysis  of  the  satellite  passes  w'as  made  on  all  steps  of  the  processing  of 
the  satellite  data.  Spectra  for  the  scalar  field  and  its  vertical  component  are 
considered  in  detail.  It  is  determined  spectra  of  the  dusk  passes  are  more  dis¬ 
torted  than  the  spectra  for  the  dawn  passes  and  also  spectra  of  the  scalar  field 
are  more  noisy  by  the  magnetospheric-  ionospheric  currents  than  vertical  com- 
ponets.  For  the  many  passes  spectra  coinside  after  magnetospheric-ionospheric 
correction.  It  is  shown  that  at  the  satellite  altitude  spectra  to  period  ~  400 
km  are  fiat.  For  the  larger  periods  a  set  of  three  spectral  peaks  within  ~  500. 
~  1000  and  ~  3000  km  are  singled  out.  Extracted  spectral  peaks  are  connected 
most  probably  with  three  different  classes  of  the  magnetic  anomalies  having 
the  different  space  parameters.  Reality  of  the  obtained  results  is  confirmed  by 
the  data  of  the  spectral  analysis  for  the  gravity  field.  From  the  results  of  spec¬ 
tral  analysis  of  the  Magsat  geomagnetic  field  it  was  made  a  set  of  practical 
conclusions,  connected  with  the  processing  of  the  satellite  information. 
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AEROSTATIC  SURVEYS  OF  THE  GEOMAGNETIC  FIELD  AT 
THE  STRATOSPHERIC  ALTITUDES 
N.M.  Rotanova  and  Yu.P.  Tsvetkov 

Institute  of  Terrestrial  Magnetism  and  Radio  Wave  Propogation,  Troitsk, 
Moscow  Region,  142092  Russia. 
izmiran-omzpObigf oot . com 

To  obtain  the  Earth  magnetic  field  at  the  altitudes  (20-40  km)  the  launchs  of 
the  stratospheric  balloons  are  used.  Balloons  supplied  with  a  proton  magne¬ 
tometer,  a  GPS  receiver  and  a  board  record  are  the  unusual  system  for  the 
carring  on  of  the  regional  surveys  at  these  altitudes.  Unlike  from  stratospheric 
experiments  carried  out  in  a  number  of  countries  where  the  magnetic  field  was 
measured  only,  in  Russia  magnetic  gradient  measurements  have  been  made 
with  using  system  of  three  magnetometers  simultaneously.  A  set  of  the  gradi¬ 
ent  profiles  was  obtained, for  the  European  and  for  the  Asia  areas.  Such  data 
do  not  contain  the  variable  fields  and  strongly  are  devided  into  the  main  and 
anomaly  components.  The  anomaly  field  from  these  data  is  extracted  usually 
by  subtracting  the  value  of  the  IGRF  computed  at  each  point  of  measurements. 
The  analogical  profiles  were  constructed  from  the  Magsat  satellite  data.  The 
comparison  of  the  magnetic  anomalies  from  the  aerostatic  and  satellite  sur¬ 
veys  for  the  same  territories  showed  agreements  between  these  data.  A  set  of 
intensive  magnetic  anomalies  are  isolated  from  the  considered  profiles.  These 
data  allowed  to  estimate  the  field  damping  with  altitude  and  to  carry  out  the 
modelling.  The  modelling  showed  the  most  problems  of  the  anomaly  fields  can 
be  solved  by  the  using  of  the  aeromagnetic,  aerostatic  and  satellite  data. 


MAGNETIC  SOURCES  CHARACTERIZATION  IN  GUYANA 
INFERED  FROM  AEROMAGNETIC  DATA  ANALYSED  WITH 
CONTINUOUS  WAVELETS 

P.  Sailhac  and  A.  Galdeano  (Institut  de  Physique  du  Globe  de  Paris,  4  Place 
Jussieu,  75252  PARIS  Cedex  05,  FRANCE;  e-mail;  sailhac@ipgp.jussieu.fr) 

D.  Gibert  and  F.  Moreau  (Geosciences  Rennes) 

C.  Delor  (BRGM,  Bureau  des  Recherches  Geologiques  et  Minieres) 

The  high  resolution  aeromagnetic  survey  of  French  Guyana  carried  out  in 
August-December  1996  by  CGG/Geoterex  (Compagnie  Generale  de  Geo¬ 
physique)  is  being  interpreted  by  BRGM.  As  a  contribution  to  enhance  and 
characterize  geological  structures,  we  have  applied  the  continuous  wavelet  tech¬ 
nique  developped  by  Moreau  et  al.  (1995  &  1997)  for  the  analysis  of  potential 
fields. 

We  have  focused  on  the  region  between  Cayenne  and  Kourou,  where  the  sources 
geometry  distribution  is  essentially  2D  (made  of  dikes  and  faults). 

The  analysis  of  the  set  of  profiles  on  focus  has  been  done  with  ID  wavelets, 
resulting  in  a  model  for  position,  depth  and  homogeneity  degree  of  sources 
of  the  anomaly  fields.  The  use  of  ID  complex  wavelets  and  2D  wavelets  adds 
informations  relative  to  azimuth  and  dip  of  sources,  and  orientations  of  the 
magnetization. 

Geological  maps  and  results  from  Euler  deconvolution  and  the  terracing  oper¬ 
ator  are  shown  for  comparisons. 


AEROMAGNETIC  STUDY  NEAR  GADARWARA  AREA,  AND  ITS 
IMPLICATION  ON  THE  NARMADA-SON  LINEAMENT  (NSL),  INDU 

Girma  Woldetinsae  (1)  and  H.V  Ram  Babu  (2) 

(1)  EIGS,  P.O  Box  26865,  A, A,  Ethiopia  (2)  NGRI,  Hyderabad,  India 
Fax:  251-1-513837/517454 

The  study  of  aeromagnetic  data  from  Narmada-Son  lineament  (NSL),  Gadarwara 
area  identified  parallel  to  sub  parallel  lineaments,  traversing  faults  and  intrusive 
bodies.  A  major  anomaly,  having  a  strike  length  of  15Km  and  width  of  4Km  is 
delineated  near  Gadartvara.The  derivative  filters  enhanced  the  near  surface  features 
and  the  lineaments,  where  as.the  high  pass  filter  showed  the  absence  of  prominent 
short  wavelength  anomalies.  The  downward  continuation  mapped  the  near  surface 
contact  between  e.xposed  Precambrian  units  and  recent  alluvium.  The  dominant 
strike  directions  of  the  lineaments  are  proved  to  be  NE-SW  and  NNE-SSW  by 
using  directional  filters.  Modeling  using  2-D  tabular  bodies  revealed,  that  the 
central  anomaly  is  deeply  rooted  and  concealed  by  alluvium.  Its  depth  to  the  top  is 
relatively  shallow  (250m)  and  estimations  for  other  anomalies  are  more  deeper. 
The  linear  pattern  of  the  anomaly  and  the  prominent  magnetic  lows  suggest 
alteration.  Thus,  it  is  hypothesized,  that  hydrothermal  fluids  may  help  for  the 
accumulation  pf  metallic  minerals  along  the  structural  traps.  Estimations  of  depth 
by  partitioning  the  grid  gave  appro.ximate  depths  to  the  magnetic  interfaces,  and  the 
thickness  of  the  alluvium  may  reach  700m  and  above.  The  study  culminated  to  an 
inference  of  a  rift  related  intrusive  body  possibly  associated  with  Cu-Ni  sulfide 
mineralizations.  It  is  envisaged  that,  local  rift  like  structures  may  occur  disrupted 
and  concealed  along  the  NSL. 


DISTRIBUTION  OF  THE  EARTH  MAGNETIC  FIELD  ON  THE 
TERRITORY  OF  SLOVAKIA  FOR  THE  EPOCH  1995.5 

M.  Vaczyova  and  F.  Valach 

Geophysical  Institute  SAS,  947  01  Hurbanovo,  Slovakia. 

Fax:  (421]8182494 

The  paper  deals  with  the  geomagnetic  field  in  Slovakia,  derived  from  the  mag¬ 
netic  survey  made  in  the  years  1993-1995.  The  D-,  H-component  and  F  were 
measured.  The  total  number  of  points  was  126.  QHM,  QD  instruments  and 
EDA  proton  magnetometer  were  used.  The  results,  obtained  in  the  field,  were 
reduced  to  the  epoch  1995.5  using  the  magnetogramms  of  the  Hurbanovo  Ge- 
omagnetic  Observatory. 


On  determining  reference  fields  from  ground-based  and  satellite  field 
data 

W.  Webers  (GeoForschungsZentrum  Potsdam,  Albert-Einstein-StraBe, 
Telegrafenberg,  Haus  G,  D- 14473  Potsdam,  Germany) 

For  the  internal  magnetic  field  the  paper  compares  simultaneous 
reference  fields  from  ground-based  and  satellite  field  data, 
respectively.  Simultaneous  SHA  expansions  of  the  same  truncation 
index  show  different  physical  contents  due  to  the  different  distances 
of  the  reference  surfaces  from  the  source  region  in  the  Earth's  body. 
The  satellite  field  model  downwardly  continued  to  the  ground  gives 
the  relevant  information  as  differences  to  the  ground-based  model. 
The  procedure  WIGCONT  uses  a  regularizing  criterion  for  the 
downward  field  continuation  derived  from  the  characteristics  of  the 
SHA,  i.e.  the  physical  contents  of  both  the  SHA  models.  Comparing 
them  stepwise  enables  to  evaluate  the  contributions  of  the  model 
terms  per  degree  and  order  of  the  SHA.  The  calculations  are  shown 
for  the  IGRF. 
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WornrUre  Airas  Mth  AVHRK  and  A'l  SK  data 
Q.  Arino.  J-M.  Melinotte  and  A.  Buongiomo 

ESA/ESRIN,  Directorate  of  Application,  Remote  Sensing  Department,  CP-64,  Via 
Galileo  Galilei,  00044  Frascati,  Italy. 

Olivier.  Arino@plod.esrin.esa.it/ Fax:  +39-6-941-80-512 

A  Remote  Sensing“FV»e  Product"  has  been  developed  to  answer  to  the  requests  of  the 
land  and  atmospheric  chemistry  user  communities.  Content,  format  and  algorithm  of 
the  “Fire  Product"  are  described.  More  than  ten  thousand  NOAA-1 1  AVHRR  after¬ 
noon  passes  have  been  processed  in  order  to  cover  at  best  South  America,  Ausnalia 
and  Africa  for  several  years.  Prototyping  of  the  “Fite  Product  ”  with  night  time 
acquistion  of  the  ERS/ATSR  has  also  been  performed.  All  monthly  and  yearly  fire 
maps,  detected  fire  coordinates  files,  are  loaded  on  a  WEB  server  to  allow  free  public 
access  through  the  INTERNET:  http://sharkl.esrm.esa.it.  In  order  to  cope  with  the 
multiple  user  requirements,  an  interactive  tool  to  generate  the  fire  maps  for  selected 
periods  and  time  has  been  developed  on  CD-ROM  and  WEB  server. 

The  quasi  operational  data  acquisition,  processing  and  user  access  of  the  "Fire  Prod¬ 
uct"  is  described  in  this  paper. 

Emphasis  on  use  of  multiple  global  geophysical  data  set  together  with  the  “Fire 
ProducF  for  environmental  purposes  will  be  given. 

First  “Fire  Product"  uses  demonstrated  the  interest  of  the  product  for  atmospheric 
Chemistry,  forestry  and  land  use  applications  and  tesearchs.  Cross  uses  of  multiple 
global  geophysical  data  set  will  ber  highlighted. 


PRODUCTION  OF  TROPICAL  FOREST  DISTRIBUTTON  MAPS  USING 
REMOTE  SENSING  DATA  AT  A  GLOBAL  SCALE 

F.  Achard.  P.  Mayaux,  H,  Eva  and  P.  Janvier 

Space  ^plications  Instlmte,  Joint  Research  Centre  of  the  European  Commission 
FiBde)tic.aehatd@jrc.it/Fax:+39332789960 

Of  major  concern  fa  the  issue  of  forest  distribution.  New  infonnation  technologies 
make  possible  fire  development  of  more  advanced  systems  of  data  gathering  and 
analysis  which  can  accurately  inform  of  cunent  stams  of  the  forest  cover  over  the 
tn^ics. 

In  the  framework  of  the  TREES  project,  techniques  for  a  global  tropical  forest 
inventory  were  developed.  These  techniques  made  use  of  an  extensive  satellite  data 
set  analyzed  in  an  ad-hoc  manner.  The  TREES  concept  was  to  make  a  wall  to  wall 
coverage  using  highly  repetitive  observations  at  low  resolution  (NOAA  AVHRR 
data).  The  main  product  consists  of  the  global  map  of  tropical  forest  cover  at  1  km 
resolution.  Con^arfaon  with  tellable  conventional  forest  cover  maps  has  shown  that 
a  good  level  of  agreement  fa  obtained  for  most  of  the  forested  regions.  This  global 
assessment  has  been  further  calibrated  using  high  resolution  image  maps  on  selected 
sites. 

The  latest  developments  made  in  this  framework  such  as  the  analysis  of  new 
relevant  data  (ERS-2  ATSR)  in  order  to  assess  die  conditions  in  die  forest  areas  at 
the  pantropical  level  will  be  presented. 


LASUR:  THE  LAND  SURFACE  REFLECTANCE  DATA  FOR  1989-1990 

B.  Berthelot  (1).  L.  Kergoat  (2),  P.  Cabot  (3),  G.  Dedleu  (1),  and  P. 
Maiaongrande  (1) 

(1)  Centre  d'Etu^  Spadales  de  la  BlOsphkre,  Toulouse,  (2)  LET,  Toulouse,  (3) 
CNES  (Touloose) 

Beatrice  bertheloi@cesUo.Qies.&/FAX:+33-S-dl-55-  85-00 

The  data  processing  we  have  applied  to  global  wedUy  AVHRR  time  series  is 
presented  here.  Two  jears,  1989  and  1990,  of  NOAA  1 1/  AVHRR/  GVI  data  have 
been  processed  to  improve  the  radiometric  quality  cf  these  satellite  data,  in  order 
to  derive  long  term  global  geophysical  products  such  aa  terrestrial  primary 
ptoduedoD,  carbon  floxet,  LAI at  a  gltM  acale  with  better  accuracy.  The 
processing  includes  three  steps:  i)  calibratioD  of  digital  counia  into  top  of 
almoaphere  teOectances.  ii)  carecdoo  cf  the  efiecll  of  the  atmosphere,  and  ili) 
acteening  of  noises  due  to  douds  and  erroneous  data. 

The  generated  product  (named  LASUR  for  LAnd  SUrface  Rflectances)  conUdned 
the  top  (d  atmosphere  and  tutface  reflectances  in  visible  and  near  infra  red 
channels,  a  flag  channel  whldh  Indicatei  the  ridiomelric  quality  of  every  pixel, 
the  geometric  cenfiguradon  (solar  and  view  zenith  angles,  telsdve  azimuth),  the 
thermal  channela  T4,  TS,  and  surface  temperature,  and  the  v^tadon  index 
NDVl 

The  LASUR  data  set  is  available  from  the  authors. 


''ihe  "Global  land  Land  1km  AVHKK  data  set  "  project:  LbA  activttles  In  data 
collection,  processing  and  distribution 

A.  Buongiomo.  0,  Arino  and  J-M.  Melinotte 

ESA/ESRIN,  Directorate  of  Application,  Remote  Sensing  Department,  CP-64,  Via 
Galileo  Galilei,  00044  Frascati,  Italy. 

Ale@plod.esriii.esa.it/  Fax:  +39-6-941-80-512 

Based  on  the  Intenational  Geosphere  Biosphere  requiremets,  a  joint  project  among 
NASA/USGS,  NOAA,  ESA  and  other  organization,  for  the  compilation  of  a  global 
land  AVHRR  data  set  at  Ikm  resolution  was  set  up.  During  these  6  years  of  project, 
since  April  1992,  ESA/ESRIN  has  been  having  an  active  role  in  collecting  and 
exchanging  data  with  the  USGS/Eros  Data  Center  and  in  setting  up  archiving, 
processing  and  distribution  facilities  at  ESRIN.  More  then  70  000  satellite  passes 
have  been  collected  since  the  beginning  of  the  project  and  a  copy  of  the ''  Hm"  data 
set  high  level  processing  chain  developed  by  EDC  has  been  installed  at  ESRIN  for 
sharing  part  of  the  huge  data  processing  required  for  generating  multitemporal 
NDVI  global  maps  at  I  km  resolution.  ESA/ESRIN  has  set  up  a  server  accessible 
from  the  network  for  distributing  Global  Land  AVHRR  10-days  poducts  derived 
from  the  "1km”  data  set.  The  operational  capacities  required  to  run  such  a  big  project, 
the  preliminary  analysis  of  the  product  generated  and  the  server  access  statistic  will 
be  discussed.  This  project  is  seen  in  the  Agency  as  a  forerunner  of  a  similar  project  to 
be  initiated  with  the  ATSR  data  on  board  of  the  European  Remote  Sensing  satellite. 


AN  OPERATIONAL  SCHEME  FOR  CLOUD  CLASSIFICATION  OVER 

LAND  USING  METEOSAT  IMAGERY 

Teresa  J.  Calado.  Carlos  C.  DaCamara  and  J.  Cone-Real 

ICAT,  University  of  Lisbon,  1700  Lisbon,  Portugal 

e-mail:  Fehler!  Teitmarke  nicht  deflniert./ fax:  +(351-1)  757  3625 

Cloud  cover  is  an  important  parameter  closely  linked  to  type  and  intensity 
of  precipitation  events,  but  it  is  especially  difficult  to  have  a  reliable  extensive 
coverage  based  on  classical  methods  of  observations.  On  the  other  hand,  because  of 
its  high  resolution  in  time,  Meteosat  imagery  provide.s  an  adequate  tool  in  eslimating 
variability  of  cloud  cover  at  the  regional  and  local  levels. 

In  this  communication  we  present  a  Project  currently  being  developed  at 
the  University  of  Lisbon  within  the  framework  of  MEDALUS  III  aiming  towards  a 
long-term  assessment  of  occurrence  and  variability  of  three  types  of  clouds  (high, 
mid  and  low  layers)  over  Portugal,  based  on  IR  Meteosat  imagery. 

The  dataset  consists  of  a  sequence  of  hourly  Images  (VIS,  IR  and  WV) 
covering  the  month  of  February  1996,  as  well  as  of  three-hourly  observation  of 
cloud  types  and  hourly  values  of  precipitation  at  15  synoptic  stations  in  Porugal. 

Cloud  covered  areas  are  identified  and  IR  pixels  are  classified  into  three 
different  layers  (low,  middle  and  high  clouds)  using  a  spatial  coherence  method, 
which  was  adapted  for  the  present  purpose.  Obtained  results  were  statistically 
validated  based  on  dispersion  diagrams  (IR  vs.  VIS  and  IR  vs,  WV  count  values)  as 
well  as  on  scores  from  contingency  tables  of  cloud  types  (synoptic  observations  vs. 
Meteosat  classification)  at  synoptic  stations  in  Portugal. 
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ERS-2  RADAR  ALTIMETER:  3  YEARS  OF  RESULTS 
P  FemeniasCn.  A.  Martim(l) 

(1)  ESA/ESRJN,  ERS  Mission  Coordination  &  Product  Assurance  Section. 
Pierre.Femenias@esrin.esa.it/  Fax:  +39-6-941-80-612 

In  order  to  ensure  the  quality  of  the  ERS-2  mission  over  its  lifetime  and  the  best 
continuity  at  product  level  between  consecutive  missions  such  as  ERS-1  or 
Envisat,  geophysical  and  instrumental  performance  monitoring  (long  term  and 
short  term)  are  carried  out  in  ESRIN/PCS.  These  activities  cover  all  steps  of  the 
processing  chain  from  the  mission  planning  to  the  sensor  performance,  passing  by 
the  data  acquisition  to  the  processing  and  dissemination,  from  the  point  of  view  of 
Quality  Control.  This  task  requires  today  a  more  and  more  careful  analysis  of  all 
the  error  sources  still  to  satisfy  the  initial  mission  requirements  but  also  to  answer 
to  new  requirements  from  the  scientific  community.  The  study  of  sea-level  rise  is 
such  an  example,  which  even  pushes  the  Radar  Altimeter  to  the  limits  of  its 
specifications.  This  paper  describes  the  performance  status  of  the  ERS-2  Radar 
Altimeter  instrument  after  almost  3  years  of  activity,  with  emphasis  on  the 
instrumental  part  and  its  associated  corrections. 


MAPPING  SOLAR  RADIATION  FROM  METEOSAT  IMAGES  WITH  THE 
IMPROVED  HELIOSAT  METHOD. 

C.  Rieollier.  L.  Wald 

Groupe  Teledetection  &  Moddlisation,  Ecole  des  Mines  de  Paris 
rigollier@cenerg.cma.fr/Fax :  (33).4.93.95.75.35 

Solar  energy  is  essential  for  our  planet  and  the  life.  Its  knowledge  is  required  in 
many  fields,  such  as  agro-meteorology,  renewable  energies,  climatology, 
oceanography...  Once  properly  processed,  images  of  geostationary  satellites  such  as 
Meteosat  provide  instant  maps  of  the  solar  irradiation  available  at  ground  level.  Such 
maps  are  very  valuable  for  the  knowledge  of  the  geographical  distribution  of  the 
solar  radiation.  Our  project  aims  at  establishing  a  climatology  of  the  solar  radiation 
for  Europe,  Africa  aiid  Atlantic  Ocean,  using  more  than  ten  years  of  Meteosat  data. 
The  first  phase  of  this  research  is  the  improvement  of  the  Heliosat  method  in  several 
aspeets:  accuracy,  robustness  and  reliability.  This  method  is  presently  used 
worldwide.  It  makes  use  of  meteorological  satellite  images  to  derive  a  cloud  index, 
which  characterises  the  transmittance  of  the  atmosphere.  This  cloud  index  is  then 
related  to  the  atmospheric  clearness  index,  which  provides  hourly  global  irradiation. 
Some  modifications  of  the  original  method  are  proposed:  the  calibration  function 
(relationship  between  the  digital  count  and  the  amount  of  energy  received  by  the 
satellite),  the  modelling  of  the  radiative  transfer  under  clear  sky  (taking  into  account 
the  Linke  turbidity  factor),  the  assessment  of  the  apparent  albedo  of  the  brightest 
clouds  used  in  the  computation  of  the  cloud  index,  the  modelling  of  the  radiative 
transfer  for  overcast  skies.  A  validation  of  these  modifications  is  done  by  comparing 
the  estimated  hourly  values  of  global  solar  radiation  with  ground  measurements. 


GLOBAL  LAND  SURFACE  TEMPERATURE  RETRIEVAL  FROM  NOAA 
AVHRRDATA 

Yann  H.  Kerr  (I),  C.  Guillou  (2),  J.P.  Lagouarde  (3).  F.  Nerry  ,  (4),  C.  Onle  (2), 
O.  Arino  (5) 

(I)  CNES/CESBIO,  Toulouse  France.  (2)  CETP  Velizy  France,  (3)  INRA 
Bordeamx,  France,  (4)  GRTR/LSIIT  Strasbourg,  France  (5)  ESA-  ESRIN  Italy 
Yann.Kerr@cesbio.cnes.fr,  FAX  (33)  5  61  55  85  00 

The  study  presented  here  is  related  to  the  development  of  a  land  surface 
temperature  processor  to  be  applied  to  NOAA  AVHRR  1  Km  global  data  set. 
For  this  purpose  we  started  by  considering  all  the  available  algorithms  suitable 
for  the  data  (i.e.  ten  day  composites  of  noon  AVHRR  data  with  channels  1,2,4 
and  5).  The  algorithms  were  tested  with  hvo  approaches :  a  «  theoretical »  one 
where  a  radiative  transfer  model  is  used  to  generate  top  of  the  atmosphere 
brightness  temperatures  which  are  then  used  to  infer  surface  temperature  with 
the  algorithms.  This  approach  allows  to  analyse  the  sensitivity  to  surface  and 
atmosphere  parameters.  The  second  approach  consisted  in  comparing  the  results 
of  the  algorithms  with  ground  data.  Once  the  algorithms  were  selected,  they 
were  used  on  the  actual  AVHRR  global  1  km  data  set  with  a  validation  scheme 
and  analysis  of  behaviour  over  «  difficult »  targets  (snow/ice/clouds)  and  over 
one  year.  A  particular  emphasis  is  given  on  perturbating  factors  such  as 
emissivity  and  atmosphere.  We  will  present  the  results  of  the  inter  comparison 
and  the  related  problems  together  with  the  processor  output 


METHODS  FOR  LAND  COVER  DYNAMIC  MONITORING  USING  THE 
GLOBAL  LAND  I-KM  PROJECT  AVHRR  DATA.  APPLICATION  TO 
MOROCCO. 

J  A.  Sobrino  and  N.  Raissouni. 

Dept  Thermodynamics.  University  of  Valencia.  Dr.  Moliner  46100.  Burjassot.  SPAIN 
jose.sobrino@uv.es/TeI:  34639831 15/Fax:  3463642345. 

The  principals  objectives  of  the  present  paper  is  to  contribute  as  far  as  possible  to  the 
detection  and  monitoring  of  land  surface  degradation  using  satellite  data.  Generally, 
reduction  and  loss  of  fertile  topsoil  induce  to  vegetation  degradation  which  is  one  of 
the  most  important  signs  of  the  desertification  process.  With  this  in  mind,  we  address 
this  problem  by  applying  theoretical  models  to  obtain  from  satellite  data  biophysical 
indicators  such  as:  land  surface  temperature  (LST),  and  NDVI,  and  by  analyzing  the 
spatio-temporal  dynamics  of  these  parameters.  Morocco  has  been  chosen  as  a 
convenient  area  of  study.  Reasons  for  this  choice  include,  its  small  size  at  the 
resolution  of  current  satellite  global  data-sets  and  its  high  environmental  diversity.  A 
multi-temporai  analysis  has  been  carried  out  from  NOAA-AVHRR  data  provided  by 
The  Global  Land  1-km  project  NOAA/NASA.  This  data  set  allowed  us  to  discriminate 
between  different  characteristics  zones  using  as  mapping  criteria  the  annual  averap 
of  NDVI.  Two  methodologies  are  proposed  for  the  monitoring  of  land  cover  dynamic: 
one  is  based  on  the  form  described  by  the  evolution  of  LST  and  NDVI  in  each  area 
and  the  other  analyzed  the  slope  of  the  line  defined  by  the  months  of  the  maximum 
NDVI,  and  the  minimum  LST. 
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Long-term  change  detection  of  forest  decline  in  the  Kola  Peninsula 

Olga  Rigina,  Olle  Hagner  and  HSkan  Olsson 
Remote  Sensing  Lab.,  Swedish  Agricultural  University-,  Fax  +  46  90  14 1915 

The  central  Kola  Peninsula,  Northern  Russia  is  one  of  a  few  places  in  the  world 
with  a  large-scale  forest  damage  attributed  to  a  single  pollution  source. 
Approximately  60  years  of  the  operation  of  the  ‘Severonickel'  copper-nickel  smelter 
have  markedly  changed  the  natural  environment.  Within  a  100-km  distance  from 
the  smelter  there  is  a  gradient  of  vegetation  condition  from  industrial  desert  to  the 
undisturbed  background.  The  objective  of  the  study  was  to  quantify  the  long-term 
changes  in  the  boreal  forests  based  on  analysis  of  declassified  high-resolution  spy 
satellite  pictures  (Corona)  from  1964  and  recent  medium-resolution  satellite  images 
IRS-1  C  Pan  and  Landsat-TM  from  1996.  The  image  data  wiie  geuiuuiTTcatty 
matched  to  a  common  projection  and  radiometrically  enhanced  to  highlight  the 
changes  in  vegetation  cover  during  the  30-year  period.  A  quantitative  assessment  of 
changes  in  forest  cover  is  carried  out  by  means  of  point-wise  visual  interpretation  in 
an  objective  systematic  sampling  design.  The  inteqjretation  is  supplemented  with 
information  from  topographical  maps.  The  results  of  interpretation  is  compared  to 
modelled  SO,  concentration  in  the  area  and  to  observations  on  long-term  monitoring 
plots. 


WHAT  ARE  THE  CANOPY  BIOPHYSICAL  VARIABLES  THAT 
CAN  BE  ESTIMATED  FROM  LARGE  SWATH  SATELLITE 
DATA? 

M,  Weiss  and  F.  Baret 

INRA  Bioclimatologie,  Domaine  St-Paul,  84914  Avignon  Cedex  9,  France. 
weissttamaya.avignon.inra.fr/Fax:  [-f33]  04  90  89  98  10 
.A  synthetic  top  of  canopy  BRDF  catalog  of  homogeneous  canopies  is  built 
thanks  to  a  well  known  radiative  transfer  model  (S.AIL).  .A  large  range  of  models 
parameters  (L.AI,  mean  leaf  inclination  angle,  hot  spot,  leaves  and  soil  optical 
properties)  is  considered  for  different  dates  and  latitudes.  The  directional  and 
spectral  sampling  is  done  according  to  the  VEGET.ATION  instrument  charac¬ 
teristics.  We  focus  on  several  biophysical  variables  of  interest  such  as  nadir  gap 
fraction,  mono  and  bi-directional  gap  fractions,  canopy  integrated  chlorophyll 
content  {LAlxCab)-  L.AI  and  f-.AP.AR.  We  investigate  the  interest  of  using  neu¬ 
ral  networks  instead  of  classical  vegetation  indices  for  the  estimation  on  these 
variables.  This  estimation  requires  two  normalized  input  parameters  (nadir 
and  hemispherical  reflectance)  in  the  three  wavebands  considered.  They  are 
obtained  by  inverting  the  Walthall  linear  BRDF  model  on  the  A'EGET.ATION 
reflectance  data.  Results  show  good  performances  of  the  neural  networks  for 
the  estimation  of  f.AP.AR,  nadir  gap  fraction  and  canopy  integrated  chlorophyll 
content.  The  estimation  of  L.AI.  monodirectional  and  bidirectional  gap  fractions 
is  less  satisfactory. 
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INFLUENCE  OF  CHEMICALLY  ACTIVE  FLUIDS  ON  FAULT  SLIP 

B.  Bos.  C.J.  Spiers,  C.J.  Peach 

HPT-Laboratory,  Faculty  of  Earth  Sciences.  University  of  Utrecht,  the  Netherlands 
e-mail:  bbos@eart;h.ruu.nl 

Recent  geophysical  measurements  have  demonstrated  that  the  average  shear  strength 
of  active  continental  fault  zones  is  far  lower  than  predicted  from  traditional  brittle- 
plastic  strength  envelopes.  The  inferred  weakness  is  believed  to  due  to  either  a 
reduction  of  sliding  friction  by  elevated  fluid  pressure,  or  to  the  action  of  pressure 
solution  related  deformation  processes  in  the  fault  zone.  However,  these  chemically 
enhanced  deformation  processes  are  poorly  understood.  In  this  contribution, 
experiments  on  the  effect  of  fluids  of  different  composition  on  fault  gouge  strength 
are  reported.  In  the  experiments,  halite  is  used  as  wall  rock  and  gouge.  Halite  is  used 
as  a  rock  analogue,  because  pressure  solution  processes  are  prominent  in  halite  under 
easily  accessible  experimental  conditions.  Various  NaCI-saturated  water/methanol 
mixtures  are  used  as  pore  fluid.  Experiments  are  conducted  using  a  room 
temperature,  atmospheric  pressure  ring-shear  apparatus.  The  apparatus  allows  control 
of  normal  stress  and  sliding  velocity,  and  monitoring  of  shear  stress,  compaction/ 
dilatation,  shear  displacement,  and  acoustic  emission  activity.  It  was  observed  that 
addition  of  NaCI-saturated  water  leads  to  rapid  gouge  compaction  and  a  two-  to 
threefold  increa.se  in  fault  strength.  In  addition,  slidirig  behaviour  changes  from  stick 
.slip  to  stable  sliding.  Increasing  the  methanol  content  of  the  fluid  has  the  effect  of 
diminishing  the  strengthening  effect.  These  results  suggest  that  the  action  of  pressure 
solution  alone  does  not  cause  fluid-assisted  fault  weakening,  and  other  factors,  like 
presence  of  clays,  mineral  reactions,  or  elevated  fluid  pressure,  may  be  needed. 


ATOMISTIC  SIMULATION  OF  QUARTZ  AND  CRISTOBALITE  AT 
HIGH  TEMPERATURE. 

Bourova  E.fn.  Parker  S.C.(2)  and  P.Richetfl) 

(1)  IPGP,  O^paitement  des  G^omat^riaux,  France. 

(2)  School  of  Chemistry,  University  of  Bath,  Bath,  BA2  7AY  U.K. 

Recent  experimental  measurements  demonstrate  weak  dilatation  of  the  ^phases  of 
cristobalite  and  quartz  at  high  temperature.  We  have  previously  observed  some 
decrease  of  the  unit-cell  volume  near  to  the  melting  point.  The  dynamics  of  the 
structures  of  these  phases  at  high  temperature  are  still  are  poorly  undestood.  Study  of 
these  polymorphs  using  free-energy  minimisation  and  molcculare  dynamics 
techniques  will  be  presented.  The  free-energy  minimisation  approach  allows  the 
structural  parameters  to  be  varied  until  the  configuration  with  lowest  energy  is 
achieved.  The  free-energy  is  incorporated  by  including  lattice  dynamics  wich  also 
allows  the  calculation  of  thermodynamic  properties  at  different  temperatures.  We 
show  the  good  agreement  between  our  experimental  data  and  calculation  for  the  low- 
temperature  phase  of  cristobalite.  Problems  occur  when  the  high  temperature  phase 
is  simply  an  average  of  one  or  more  accesible  structures  and  in  this  case  molecular 
dynamics  provides  a  more  reliable  simulation  tool.  The  results  of  molecular  dynamic 
simulations  of  quartz  and  cristobalite  show  that  these  are  dynamical  disorder  phases 
and  that  p-cristobaliie  is  the  average  of  tree  possible  different  modifications  of  a- 
cristobalite.  In  summary,  coupled  with  reliable  interatomic  potentials  these 
techniques  provide  a  valuable  link  between  the  atomistic  and  thermodynamic 
behaviour  of  minerals  at  high  temperature  and  pressure. 


GEOPHYSICAL  INVESTIGATIONS  OF  THE  CL6RY  FAULT, 
VERCORS,  FRANCE 

M.  Dietrich  (1),  G.  Marquis  (2),  A.  Stopin  (2),  V.  ChafFard  (1),  S.  Garam- 
bois  (1),  R.  Guiguet  (1)  and  P.  Barsukov  (3) 

(1)  LGIT,  UMR  C5559,  Grenoble,  France,  (2)  EOST,  UMR  7516,  Strasbourg, 
France,  (3)  EMRC,  Moscow,  Russia. 

Michel.DietrichOobs.ujf-grenoble.fr/Fax:  [-J-33]  4  76  82  81  01 
The  Clery  fault  is  a  major  strike-slip  fault  in  the  southern  part  of  the  Vercors  massif 
(French  Alps)  which  has  been  active  during  the  last  10  to  20  million  years.  During 
that  period,  the  two  fault  blocks  have  been  horizontally  displaced  by  about  3.5  km 
according  to  geological  observations.  We  present  the  results  of  seismic,  transient  elec¬ 
tromagnetic  and  magnetoteUuric  measurements  performed  across  the  Clery  fault  in 
order  to  investigate  the  fault  zone  structure  and  its  physical  characteristics. 

Our  seismic  experiments  were  designed  to  observe  trapped  waves  in  the  40-meter  wide 
fault  gouge  by  using  zurtive  seismic  sources  and  geophones  deployed  across  the  fault 
zone  with  a  spacing  of  5  m.  Modelling  of  the  observed  seismograms  shows  that  the 
high  amplitudes  observed  within  the  fault  zone,  especially  close  to  the  fault  sides,  can 
be  explained  by  soft  material  indicative  of  water  circulation  near  the  fault  limits. 
The  inversion  of  magnetoteUuric  data  acquired  along  two  profiles  crossing  the  fault 
shows  a  NW-dipping  resistive  layer  covered  by  conducting  sediments  20  to  70  m  thick 
that  end  abruptly  near  the  NW  flank  of  the  vaJley.  This  suggests  a  small  vertical 
component  of  motion  about  the  Clery  fault.  Induction  vectors  show  that  the  Clery 
fault  itself  is  not  a  large  conductivity  anomaly  since  the  vectors  point  towards  the 
ESE  at  high  frequencies,  likely  in  response  to  water  springs.  Moreover,  these  vectors 
point  towards  the  SW  at  lower  frequencies,  suggesting  a  conducting  feature  SW  of 
the  valley  that  could  be  associated  with  the  SE-striking  Combe  Male  fault. 


VARIATION  IN  ELASTIC  ANISOTROPY  IN  ROCKS  DE¬ 
FORMED  UNDER  HIGH  PRESSURE  AND  UNIAXIAL  COM¬ 
PRESSION 

N.I.  Diaur  and  N.I.  Dlaur 

United  Institute  of  Physics  of  the  Earth’,  Russian  Academy  of  Sciences, 
Bol’shaya  Gruzinskaya  10,  Moscow,  123810, Russia  . 

The  longitudinal  wave  velocities  are  measured  in  sedimentary  rock  samples 
(sandstone,  aleuroHte,  limestone,  dolomite)  subjected  to  uniaxial  compression 
(  up  to  their  destruction  )  at  a  confining  pressure  of  up  to  120  MPa.  The 
samples  were  collected  from  both  holes  drilled  in  various  oil-  bearing  fields 
and  outcroppings.  The  measurements  indicate  the  occurrence  of  and  variation 
in  the  elastic  anisotropy,  as  well  as  its  relation  to  dilatancy,  under  the  condi¬ 
tions  of  both  the  complex  stress  state  and  differential  stress  relaxation.  The 
revealed  specific  features  related  to  anisotropy  suggest  an  additional  porosity 
in  the  rocks,  caused  by  deformation.  An  increase  in  the  P-w'ave  anisotropy  may 
serve  as  a  precursor  phenomenon  of  the  main  rupture.  Upon  increasing,  the 
anisotropy  may  be  decrease,  if  the  velocity  measurements  are  made  outside  the 
main  rapture  zone.The  experiments  show  that,  because  of  cracking,  the  induced 
elastic  anisotropy  is  retained  after  relaxation  of  the  additional  stress  under  high 
pressure,  and  the  P  velocity  decreases  as  compared  to  the  undeformed  samples. 


I^JFOR^lATIMn‘■  OF  MICROSTPJJ(:'Tl.TI^VL 
JN\T*  SnCiATlONS  OF  ROCKS  l^NDER  HIGH  PT- 
COMDITIOMS  FOR  STUDY  (JF  PROCESSES  OF 
E/VRTHQUAKES  PREPARATION. 

S  M.Kireeukova.  InsfiUrte  of  Seismology,  United  Inst, 
of  Ph)&ios  of  the  Earth  RAS,  &t.B.Gru7Jtiskaya,  10,  Moscow,  125810, 
Rus-iia;  e-mail:  avpg'iiire-ms.scgis  riVFax:  (095)255-6040 

(n  pre.sent  Ihe  high  pre.s.s(ire.s  apixiraiu-s  intending  hr  measurements 
of  ph>si'j*al  cbinictettsticii  of  rocks  doesn't  allow  to  study  tlie 
stntchiral  and  texluiai  changes  of  aeomalenais  during  loading 
fHOcesse.s.  It  is  ptissible  rnado  only  in  the  diuinotid  chambers.  But 
very'  small  volurivs  of  wniples  in  it  are  of  no  inierc.st  Im  problems  of 
.seismology.  The  usinc  of  neulroti  difiVaciton  method  showed  that  t!ie 
changes  in  the  physical  fiurTimeters  caused  by  a  defitmtalion  are 
associated  with  tlie  structural  cltuiges  in  .sjirnple.s.  Tlie  experiments 
with  ninrhlc-s  were  shown  two  phn-se  tmTisformniiorw  reniorked  at  0.4 
Gjia  and  1.6  G]Xi  by  cltinge  of  detbriiiation,  elastic  waves  vekiaities 
and  attenuation.  The  texture  analysis  conducting  of  neutTon! 
ditirtiction  method  was  sfiovvn  that  changes  of  Ibnri  of  texture  and  its! 
turning  teke  place  at  first  and  second  Iraasformalions  under  loading. 
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LLMITATIONS  Di  IDENTIFICATIOX  OF  LAKE  SEDIMENT  LAYERS  BY 
ISING  PRECISE  GEOELECTRIC  SOUNDINGS 

F.  Kohlbeck  (1).  L.  Szarka  (2),  V.  Wesztergom  (2),  A.  lelinowska,  M.  Menvielle, 
P,  Tucholka  (3),  J-J.  Schott  (4) . 

(1)  Vienna  Technical  University,  Austria,  £kohlbec@pop.uni.ac.at/Fax:+43-i- 
5044232,  (2)  Geodetic  and  Geophysical  Research  Institute  of  the  Hungarian 
Academy  of  Sciences,  Sopron,  Hungary,  (3)  Universiti  Paris-Sud,  CNRS-ERS  388, 
Orsay.  France.  (4)  Ecole  et  Observatoire  de  Physique  du  Globe  de  Strasbourg, 
France 


MODELING  TRANSPORT  PROPERTIES  OF  CRUSTAL  ROCKS  DURING 
PROGRADE  METAMORPHIC  EVENTS 

A,O.Gliko  (1),  D.V.Parsegov  (1),  L.L.Vanyan  (2) 

(1)  Schmidt  Institute  of  Physics  of  the  Earth  RAN,  Moscow, 

(2)  Shirshov  Instimte  of  Oceanology  RAN,  Moscow,  gliko@uipe-ras.scgis.ru 
Fax:  -^7-(095)-255-6040 

Prograde  metamorphic  reactions  releasing  water  from  mineral  structures  occur  in  a 
different  tectonic  environment  in  response  to  increases  in  temperature.  The  most 
reliable  conditions  for  dehydration  of  crustal  rocks  at  the  depths  15-30  km  are 
T=300  C  (dewatering  of  S-type  granites),  then  interval  300  -  600  C  (a  set  of 
reactions  in  metapelitic  rocks)  and  T=700-750C  (breakdown  of  homblend).  The 
main  factor  determining  the  transport  properties  of  ocks  during  metamorphism  is  the 
content  of  interconnected  fluid  phase  (FPh).  The  considered  model  cotTe,sponds  to  the 
case  when  the  FPh  is  a  product  of  reaction  between  two  neighbouring  minerals  of 
a-  and  b-type  (for  instance,  muscovite  and  chlorite)  creating  an  elementary 
reaction  volume  (ERV).  Numerical  study  is  based  on  the  calculations  for  a  system 
of  randomly  distributed  cubic  grains  of  two  different  minerals  (total  number  of 
grains  is  equal  to  one  million).  Under  assumption  that  the  connectivity  of  FPh  is 
determined  by  the  connectivity  of  ERV  we  were  able  to  calculate  the  content  of 
interconnected  and  isolated  parts  of  FPh  ,  mean  length  and  number  of  percolation 
paths,  and  estimate  on  this  base  the  mean  values  of  electric  conductivity  and 
permeability  for  different  concentrations  of  reacting  minerals  and  released  FPh. 


ALTERATION  AND  MASS  TRANSFER  ALONG  THE  GSJ  BOREHOLE 
PENETRATING  THE  NOJIMA  EARTHQUAKE  FAULT 

H  Ito*.  K  Fujimoto*,  T  Ohtani*;  H  Tanaka**,  THiguchi**,  NTomida**  andS  M 
Agar*** 

*Geological  Survey  of  Japan,  **Ehime  Univ.,  ***  AMOCO;  e-mail:  g0193@gsj.go.jp 

We  clarified  the  relationships  between  fluid  activity,  alteration  and  deformation  for 
the  samples  from  the  GSJ  (Geological  Survey  of  Japan)  boreholl  penetrating  the  Nojima 
fault  which  was  activated  at  the  1995  Hyogoken-nanbu  eatthqtake.  The  borehole  is 
746.7m  deep  and  the  coaxial  fault  zone  is  from  623.3m  to  625.  Im  depth,  where  fault 
gouge  is  distributed. 

Two  major  types  of  alteration  activity  (type  A  and  B)  can  be  recognized  from 
alteration  mineral  assemblages  and  a  fluid  inclusion  study.  Characteristic  minerals  are 
chlorite  and  laumontite  for  type  A  alteration  and  smectite  and  carbonate  (calcite,  siderite 
and  dolomite)  for  type  B  alteration  respectively.  Type  A  alteration  covers  the  whole  core 
and  it  probably  occuned  during  deuteric  stage  or  poiphyty  intrusion.  The  alteration 
temperature  is  estimated  to  be  about  150  to  200X  from  occurrence  of  laumontite  and 
fluid  inclusions  with  higher  homogenization  temperature.  Type  B  alteration  overlaps 
type  A  alteration  and  the  main  distribution  is  restricted  within  fault  zone.  The  alteration 
temperamre  is  probably  lower  than  type  A  alteration.  This  alteration  is  due  to  very  recent 
activity  as  carbonate  crystal  iseuhedralin  shape  even  in  the  coaxial  zone.  Thus,  typeB 
alteration  probably  results  from  fluid  migration  related  to  fault  activity. 


In  this  paper  the  near-surface  (to  a  depth  of  3m)  layer-resolution  power  of 
geoelectric  soundings,  carried  out  at  the  surface  with  the  possible  greatest  precision 
(20  data/decade:  mm-range  horizontal  geometiy  in  case  of  AB  distances  shorter 
than  6.4m;  a  combination  of  potential  electrodes  at  the  surface  and  at  a  depth  of 
40cm)  is  illustrated  in  a  geological  environment  of  a  lake,  where  the  eutrophysation 
process  is  in  progress.  (The  measurements  in  the  Lake  Fend  (Neusiedlersee)  region 
situated  just  at  the  border  between  Austria  and  Hungaiy  were  carried  out  in  1997 
frames  of  two  bilateral  cooperations.)  The  invened  apparent  resistivity  data  with 
different  core  sample  physical  properties,  such  as  magnetic  susceptibility,  humidity 
and  core  sample  resistivity  have  been  directly  compared.  Local  inhomogeneities 
and  thin  layers  are  not  seen  from  the  surface,  while  the  robust  and  continuously 
changing  layer  transitions  can  easily  be  resolved  by  geoelectric  inversion  methods, 
allowing  smooth  layer  transitions.  These  methods  seem  to  be  superior  to  the 
classical  few-layer  inversion  techniques.  In  such  circumstances  the  lateral  variation 
of  layering  can  be  satisfactorily  followed  from  the  surface. 


MEASUREMENTS  OF  DIFFUSION  IN  UNCONSOLIDATED  CLAYS  WITH 
THE  AID  OF  RESISTIVITY  TOMOGRAPHY 


Johannes  Kiilenkamnff  Anita  Just.  Christina  Flechsig.  Franz  Jacobs 
Institnle  of  geophysics  and  geology,  Leipzig  University.  Germany 
e-mail;  kuIenkam'Slserverl  .rz.uni-leipzig.de 

Diffrisional  transport  is  the  most  prevailing  transport  property  in  clays,  although  the 
hydraulic  pemreabilty  is  veiy  low.  This  is  the  reason  for  the  development  of  a  non 
destmctiv^  testing  method  of  the  diffnsional  parameters  in  clays.  The  underlying 
petrophysical  parameter  for  diffusion  is  the  formation  factor,  which  is  very  low  (1.5- 
5).  re,sulting  in  the  high  conductivity  of  unconsolidated  clays. 

Electrical  resistiv  ity  tomography  (ERT)  provides  a  means  for  the  shidy  of  diffusion  in 
soils.  A  roodified  SIRT  algorithm,  which  includes  forw  ard  modeling,  is  the  basis  for 
the  calculation  of  the  tomograms  from  automatical  dipole-dipole  electrical 
measurements  on  cylindrical  samples  in  the  laboratory. 

A  bubble  of  concentrated  salt  solution  (NaCI  and  KCI)  was  injected  into  the  centre  of 
the  measuring  plane.  ERT  was  used  to  monitore  the  diffiisional  spreading  of  this 
conductive  source.  The  time  dependent  eqiiiradial  mean  values  of  conductivity'  were 
fined  to  the  solution  of  the  diffiisional  equation  for  a  point  source,  yielding  diffiisional 
constants  about  0.5’  10'*°  mVs.  This  is  in  accordance  with  electrical  measurements  of 
the  formation  factor. 

This  method  can  also  be  applied  for  in-situ  tests. 


THE  ANOMAI-  CHANGES  OF  THE  PHYSICAL  PARA.ME  I'ERS 
OF  CLINOPTO.OXENES  AT  HIGH  PR  ESSt.rRf.S. 

S.M.Kjreenfai'va,  G.A.Efimova 

InstiUite  of  Seismology,  United  Insl  ofP  hysicsof  (te  E-Oflli  RAS, 
st.B.Gnizinstetya,  10,  Moscow,  123SIO,  RttsMa;  e-mail:  av-p;gUii{ie- 
ra s. segi  s.ru'Fa.'i;  (O')  5)2  5 5  6040 

TTie  lotighuditEil  vviives  veloci  ties  and  decrement  of  volume  of 
cliiiopvTo.itenes  were  defined  at  high  pressures  up  lo  1,5  Gp«  in  the 
cylinder-piston  type  aiiparatus.  TTie  santples  were  been  cut  out  along 
one  direction  of  the  extending  of  silica  oxygenous  combinations.  The 
e.xjjeritrK-ntsvvefe  been  c-afriedoal  successivily  -at  liigh  [.ifessures  up 
to  0.5  G[)i\;  1.0  Gjia;  1.2  Gp:i;  1,5  Gpa  on  the  different  .s.imple-s,  II  is 
islahlished  tliat  the  most  anotnal  cfan,ges  of  the  physic-al  parameters 
remark  at  Itigh  pressures  up  to  0.5  Opa,  Tliey  as.si:>ciated  with  brittle 
disiriiction  of  the  olinopyro.xeiie.s.  Such  behaviour  of  rocks  can  be  of 
cause  f'f  the  dislrticiion  prnces.ses  in  the  Earth. 


DEEP  PETROPHYSICAL  MODELING  AND  NEW  PRESENT 
TENDENCIES  OF  ITS  DEVELOPMENT 

T.S. Lebedev  (Institute  of  Geophysics, Nat  Acad 
Sci  Ukraine,  Palladia  avenue  32,  Kiev-142, 
Ukraine  252142]  E-mail;  root%igpnanu.kiev.ua@ 
ua,net;  Fax; +5o0-44— 4502520) 

Most  anomalous  effects  seen  in  the  observed 
geophysical  fields,  processes  and  phenomena 
are  mainly  caused  by  deep  changes  and  uneven 
dis-tribution  of  mineral  substance  physical 
properties  in  respective  thermobaric  conditi¬ 
ons  of  the  Earth's  interior.  The  cognition  of 
these  phenomena  is  a  very  important  problem  in 
studying  its  content,  state  and  structure .This 
stimulates  new  recen't  tendencies  of  the  use  of 
eiqperimental  pe'trophysioal  PT  information  in 
setting  up  respective  models  of  deep  geologic 
medium.  We  propose  combined  approaches  and  new 
methods  of  the  oons-fcruction  of  regional  pe'bro- 
physioal  lithosphere  models  based  on  a  systems 
analysis  of  laboratory, field  and  borehole  data. 
As  examples  some  deep  pe'trophysioal  models  of 
the  precamhrian  Ukrainian  Shield  are  presented. 
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ELECTRONIC  PROPERTIES  OF  MINERALS  RELATED  TO  THE 
EARTH'S  LOWER  MANTLE 

Slawomir  MaJ 

Institute  of  Geophysics,  Pol.  Acad. Scl. , 

Ks.Janusza  64,  01-452  Warsaw,  Poland 

A  relation  among  the  "critical"  density  value  d*  , 
average  first  Ionization  potential  per  free  atom 
<Uo>  ,  and  mean  atomic  weight  <A>  for  semiconduc¬ 
ting  modifications  with  the  zero-energy  gap  of 
some  silicates  and  oxides  related  to  the  mantle 
material  Is  suggested.  The  theoretical  considera¬ 
tions  are  based  on  the  Lorentz  electron  theory  of 
solids.  The  elgenfrequency  nJo  of  elementary  elec-^ 
tron  oscillators  In  energy  units  h>Jo  (h  Is  Planck's 
constant)  Is  Identified  with  the  energy  gap  of  a 
solid  phase.  It  Is  assumed  that  only  the  electric 
Lorentz  field  plays  an  Important  role  within  the 
mineral  structures.  This  relation  Is  of  the  form 

.X  vUo''^  <A>  _/._3 

“  ^76.757  ' 

where  <Uo'  and  vA''  are  expressed  In  eV  and  g/mol, 
respectively. 


THE  PROBLEM  OF  MEASURING  THE  DENSITY,  ULTRA¬ 
SONIC  VELOCITIES  AND  ATTENUATION  IN  ROCKS.  USING 
THE  PISTON-CYLINDER  APPARATUS  UP  2  GPA 

R.M.  Nasimovand  R.M.  Nasimov 

United  Institute  of  Physics  of  the  Earth,  Russian  Academy  of  Sciences. 
Bol’shaya  Gruzinskaya  10,  Moscow,  1238 10, Russia  . 

In  measuring  the  physical  properties  of  rocks  in  a  solid-phase  apparatus,  the 
problem  of  determination  of  the  pressure  and  stress  state  of  a  sample  arises. 
Most  frequently,  a  nonhydrostatic  stress  occurs  in  such  apparatus.  However 
the  hydrostatic  stress  state  can  be  achieved  taking  into  account  the  effect  of 
dissipative  forces  on  the  pressure.  A  method  of  cyclic  loading  of  the  high- 
pressure  cell  with  the  variable  direction  of  piston  movement  efficient  in  studying 
the  phase  transitions  accompanied  by  a  change  in  volume.  The  method  allows 
the  equilibrium  state  to  be  reached  efficient  in  the  phase  transformation  process, 
i.e.  the  condition  of  a  new  phase  is  "frozen”.  The  h.vdrostatic  pressure  can  be 
achieved  for  a  single-  phase  state  .  The  method  was  applied  to  study  the  phase 
transitions  in  RbCl  and  calcite.  The  longitudinal  and  shear  wave  velocities  were 
measured  in  these  materials  by  the  pulse  transmission  method.  The  attenuation 
was  determined  by  FFT  method  from  digital  records  of  pulses.  Also,  their 
density  was  measured.  All  these  values  were  determined  for  the  low-  and  high- 
pressure  phases  in  a  different  phase  concentration 


TEXTURE  ANALYSIS  IN  GEOPHYSICS 
A.N.Nikitin 

Joint  Institute  for  Nuclear  Research,  141980  Dubna,  Moscow  region,  Russia 
nikitin@nfsunl.jinr.dubna.su 

Modern  texture  analysis  using  neutron  diffraction  in  combination  with 
petrophysical  investigations  permits  to  fulfil  the  reconstruction  of  the 
paleotectonic  stresses  acting  during  various  stages  in  the  evolution  of  a  tectonic 
block.  To  reconstruct  the  possible  form  of  the  quartz  and  xenoUth  deformation 
state  computer  simulation  was  perfoimed  for  various  sets  of  slip  systems.  By 
comparing  theoretical  and  experimenul  pole  figures  the  strain  paths  during 
paleodeformation  have  been  established.  Some  problems  of  the  crystallographic 
texture  formation  in  quartzbearing  rocks  with  piezoelectric  properties  are 
considered.  The  crystallographic  models  of  ideal  texturized  quartz  aggregates  are 
suggested  which  are  correspond  to  rocks  with  the  definite  syrrrmetry  of 
piezoelectric  properties.  Based  on  the  Taylor’s  theory  which  was  modified  for 
accounting  the  effect  of  a  deformation  velocity  on  the  flow  lirtrit,  the  simulation 
of  texture  formation  of  high-temperature  quartz  has  been  fulfilled.  Methods  of 
texture  analysis  and  mechanics  of  solid  body  were  applied  to  solving  the 
problem  of  mechanical  state  of  a  medium  with  an  airisotropic  inclusion  whose 
symmetry  of  elastic  properties  varies  due  to  texture  transitions. 


THE  ELASTIC  CONSTANTS  AND  ANISOTROPY  OF 
METAMORPHIC  ROCK  VELOSITIES  OF  KOLSKAYA 
SUPERDEPTH  WELL 

G.T  Prodavvoda  (1) 

(I)  Kiev  University.  Vasylkivska  Str.  90.  252022  Kiev,  Ukraine 

The  elastic  constants  of  gneises  and  amphibolites  has 
determined  by  invaiant-polarization  method  on  core  samples  of 
Kolskaya  superdepth  v\ell  from  depth  of  7600-9500  m.  The  elastic 
symmetry  of  rock  textures  is  triclinic  system.  Using  inversion  data 
of  the  elastic  costant  azimuthal  dependence  were  given  pole 
diagram  of  the  mineral  and  microcracks  orientations.  The 
microcrack  orientation  provides  information  on  the  stress  field, 
which  response  for  them  formation.  The  relaxation  of  residual 
stresses  from  core  samples  is  carried  out  by  disclosure  of 
microcracks.  The  value  of  tectonic  stresses  on  these  depthes  is 
equal  700-1000  mP.  The  nature  of  seismic  anisotropy  of  the  upper 
part  of  the  earth  continental  crust  is  describe. 


PHYSICAL  PROPERTIES  OF  FAULT  ZONES  IN  ESTONIAN  EARLY 
PALAEOZOIC  SEDIMENTARY  BASIN 

A.  Shogenova 
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The  fault  zones  in  the  ctystalline  basement  of  Estonia  are  usually  reflected  by  zones 
of  disturbances  in  the  shallow  sedimentary  basin.  Usually  the  linear  dislocations  are 
represented  by  monocline  folds  complicated  by  fracture  zones,  accompanied  by  carst 
processes,  dolomitization,  sulphide  mineralization  and  leaching  of  carbonate  rocks. 
During  exploration  the  fracture  zones  are  usually  located  by  low-resistivity  anomaly 
zones.  Petrophysical  properties  of  fracture  zones  were  studied  by  logging  data  and  in 
laboratory.  Alteration  of  the  fractured  rock  properties  were  revealed  at  resistivity 
logs  and  at  the  natural  gamma-ray  logs  by  increasing  of  natural  radioactivity  caused 
by  altered  rocks  with  significant  increase  of  total  iron  content,  which  can  adsorb 
radioactive  elements.  In  the  case  of  carst  zones  the  logging  curves  may  be  greatly 
changed  and  they  may  show  that  marker  high  radioactive  layers  are  destroyed.  The 
measurements  of  the  core  samples  from  the  low-amplitude  fracture  zone  in  the 
Ordovician  rocks  revealed  increase  in  secondary  porosity  of  carbonate  rocks,  caused 
by  fracturing  and  leaching  associated  with  dolomitization.  This  caused  the  decrease 
in  bulk  density,  seismic  velocity  and  alteration  of  electric  properties:  decrease  in 
apparent  resistivity  and  dielectric  constant  and  increase  in  induced  polarization. 
Dolomitization  in  the  fracture  zone  caused  increase  in  total  iron  content,  magnetic 
susceptibility  and  grain  density. 


PETROPHYSICAL  PROPERTIES  OF  ESTONIAN  EARLY  PALAEOZOIC 
CARBONATE  ROCKS 

A.  Shogenova 

Institute  of  Geology,  Tallinn  Technical  University 
alla@gi.ee 

Petrophysical  properties  of  argillaceous  to  varying  degree  limestones  and  dolomites 
were  measured  on  core  and  outcrop  samples  together  with  their  chemical 
composition.  Primary  and  secondary  altered  rocks  were  studied.  The  most  important 
factors  influenced  the  variability  of  studied  density,  seismic,  electrical  and  magnetic 
properties  are  the  clay  content,  dolomitization  and  porosity.  Porosity  of  primary  and 
secondary  origin  may  occur  in  the  studied  carbonate  rocks.  Clay  content  has  high 
correlation  with  porosity,  which  was  interpreted  as  primary.  Secondary  porosity  was 
investigated  in  the  fracture  zones  and  in  the  secondary  dolomites.  Five  groups  of 
secondary  dolomites  of  different  age  and  genesis  (widespread  and  associated  with 
fracture  zones)  were  studied.  The  variability  in  properties  was  revealed  for 
limestones  with  different  clay  content  and  for  dolomites  of  different  origin. 
Generally  clay  content  and  porosity  control  alteration  in  electric  properties,  bulk 
density  and  velocity  of  rocks.  Magnetic  susceptibility  increases  with  clay  content  and 
owing  to  dolomitization.  The  highest  porosity  and  magnetic  susceptibility  were 
measured  in  marls  and  secondary  dolomites.  Dolomitization  also  causes  increase  in 
grain  density  of  rocks.  Relationships  of  velocitj'  with  porosity  differ  for  limestones 
and  dolomites.  The  groups  of  limestones  with  different  clay  content  and  studied  five 
groups  of  different  origin  dolomites  were  characterized  by  combination  of  specific 
values  of  petrophysical  and  geochemical  parameters. 
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WEAKENING  PROCESSES  WITfflN  CONTINENTAL  FAULT  ZONES 


GRAIN-TO-GRAIN  INTERACTION  AND  IT'S  INFLUENCE  ON  RHEOLOGY 
OF  ROCKS.  (NUMERICAL  MODELLING). 


M  Stewart.  R  E  Holdsworth  &  J  Imber 

Reactivation  Research  Group,  Dept.of  Geologicai  Sciences,  University  of  Durham, 
South  Road,  Durham  DHl  3LE,  U.K.,  FAX:  +44-191-3747410 
e:mail:  Martyn,Stewart@durham,ac.uk 

Many  continental  faults  and  shear  zones  are  repeatedly  reactivated  after  long 
periods  of  quiescence  (>1  Ma).  This  requires  long-term  weakening  within  faults 
where  they  cut  through  the  main  load-bearing  region  of  the  crust  around  the 
frictional  -  viscous  creep  (F-VC)  transition.  Ancient  examples  of  reactivated  faults 
often  preserve  exhumed  sequences  of  fault  rocks  in  which  mid-crustal  processes 
may  be  examined  directly.  Our  field  and  laboratory-based  studies  of  examples 
developed  in  basement  rocks  of  the  N  Atlantic  region  suggest  that  weak  faults  are 
most  likely  to  form  due  to  fluid-related  reaction  weakening  processes.  Influx  of 
hydrous  fluids  is  usually  facilitated  by  pervasive  fracture  dilatancy  during  cataclasis 
in  regions  immediately  above  the  thermally-controlled  equilibrium  F-VC  transition. 
Load-bearing  framework  and  chain  silicate  mineral  phases  in  the  protoliths  are 
extensively  altered  to  fine-grained  aggregates  of  weak  phyllosilicate  that  rapidly 
collapse  leading  to  the  development  of  strongly  foliated  phyllonites  that  deform  by 
viscous  creep  mechanisms.  Provided  the  phyllonites  are  sufficiently  well  developed 
to  form  an  interconnected  network  occupying  about  20%  of  the  total  rock  volume, 
this  leads  to  an  effective  shallowing  of  the  F-VC  transition  along  the  fault  zone  and 
to  a  weakening  of  the  crast,  possibly  by  several  orders  of  magnitude. 


Arkady  Ten 
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Rocks  are  very  complex  aggregates  of  different  minerals  of  wide  varieties  of  shapes 
and  sizes  with  different  properties.  It's  still  not  clear  how  they  are  interacting  to  each 
other  creating  that  response  on  the  load,  which  can  be  measured  in  laboratory.  This 
presentation  is  devoted  to  2D  numerical  simulation  of  interacting  grains  and  estimation 
their  influence  on  rheology  of  polycrystal  rocks.  Each  single  grain  is  considered  to  be 
isotropic.  Continuum  approach  coupled  with  finite  difference  method  is  used  to  model 
nonlinear  (power  law)  granular  medium.  Different  instances  of  minerals  are  mapped 
in  the  model  by  different  rheologic  parameters.  In  order  to  get  proper  resolution  grid 
size  was  900X300  that  require  the  calculations  to  be  performed  on  supercomputers. 
Result  of  numerical  modeling  shows  that  rheology  of  aggregate  differs  from  rheology 
of  constitutive  grain  and  key  feature  in  this  magic  conversion  is  grain  boundary 
interaction.  It  becomes  negligible  if  phase  density  of  grain  (in  system  inclusion-matrix) 
is  below  ~  0.125.  Nonlinear  boundary  response  of  the  crystals  causes  nonlinear 
behavior  of  the  polycrystal  aggregate  even  each  separate  crystal  obeys  Newtonian 
rheology.  Each  grain  changes  its  shape  while  deformation  in  its  turn  that  affects  on 
cumulative  rheology  making  it  time-dependent.  Model  allows  estimating  an  influence 
of  grain  size  on  rheology  of  rocks. 


NUMERICAL  SIMULATION  OF  THE  TIDAL 
EFFECT 

Storelvmo.L.  &  Jelmert  T.A.(Dept.  of  Petroleum  Engineering  and  Applied 
Geophysics,  Norwegian  University  of  Science  and  Technology) 

Middleton, M.F.  (Dept,  of  Geology,  Chalmers  University  of  Technology) 


STILE  OF  BUCKLES  IN  ANALOGUE  "ROCKS"  WITH  DIFFERENT 
RHEOLOGIES 

T.  Tentler  and  G.  Mulugeta 

Hans  Ramborg  Tectonic  Laborotory,  Institute  of  the  Earth  Sdences, 

University  of  Uppsala,  Uppsala,  Sweden 
tanya@sparc.geo.uu.se/Fax:+46*18-471-2591 


The  dominating  natural  force  acting  on  an  offshore  reservoir  is  induced 
by  fluctuations  in  the  sea  level.  This  variation  is  mainly  a  consequence  of 
tidal  effects.  The  cyclic  variation  of  the  sea  level  will  have  an  effect  on  both 
production  and  observation  wells.  Many  well  tests  from  the  North  Sea  are 
clearly  influenced  by  the  tidal  effect.  The  main  objective  of  this  work  is  to 
develop  a  new  methodology  for  the  interpretation  of  the  reservoir  response  to 
changes  in  the  sea  level.  The  response  of  the  reservoir  to  tidal  effects  is.a  cyclic 
compression/decompression  of  the  rock/fluid  system.  The  most  important 
parameters  which  are  reflected  in  the  response  function  are  compressibility, 
permeability,  porosity,  reservoir  size  and  compaction  modulus. The  project  lies 
in  the  interface  between  reservoir  engineering,  rock  mechanics  and  mathemat¬ 
ics.  The  results  imply  that  improved  conceptual  and  mathematical  models 
will  lead  to  enhanced  methods  in  reservoir  monitoring.  Reservoir  management 
and  control  based  on  sea  level  fluctuations  will  be  attractive  from  an  economic 
point  of  view  since  only  natural  forces  are  employed. 


Rheology  describes  the  mechanical  response  of  a  material  to  the  appli^  forces.  We 
show  experimentally  how  the  rheology  of  materials  influences  the  characteristics  of 
structures.  Many  natural  folds  initiate  by  buckling  under  a  compression  close  to 
parallel  to  layer  boundaries.  We  study  shape  and  growth  rate  of  folds  by  shortening 
competent  laycrt  of  different  materials  embedded  in  a  weaker  ductile  matrix.Two 
types  of  materials  with  strain-hardening  and  a  strain-softeiung  behaviour  were  used 
to  represent  the  competent  layer  embedded  in  the  less  competent  matrix.We 
investigated  the  character  of  defonnation  by  analysing  the  shape  versus  strain  curves 
at  the  same  time  as  the  folding  instability  develops.  In  particular,  we  examined  how 
the  degree  of  strain-hardening  or  strain-softening  influences  the  shapes  and  growth 
rates,  the  selection  of  wavelength  with  thickness,  and  the  degree  of  layer  parallel 
shortening  during  the  gi'owth  of  single  layer  folds.  We  also  modelled  multilayered 
folding  and  examined  the  change  of  fold  shape  with  spacing  of  the  competent  layers, 
the  formation  of  chevron  folds  in  alternating  layers  with  different  rheology  and  the 
mechanism  of  nucleadon  and  propagation  of  conjugate  kink  folds. 

Our  experiments  show  that  the  degree  of  strain-bardcning/softening  affects  not  only 
the  fold  geometry,  but  also  controls  the  deformation  mechanism.  It  may  be 
possible  to  infer  the  qualitative  rheological  properties  of  natural  folds  and  the 
conditions  of  their  formation  by  studying  the  process  of  folding  in  analogue  models. 


DC-GEOELECTRICAL  DEEP  SOUNDINGS  IN  COMBINATION 
WITH  MODERN  INVERSION  TECHNOLOGIES:  A  TOOL  TO 
INVESTIGATE  GEOLOGICAL  STRUCTURES 

H.  Spiegelberg  (1),  W.  Storz  (2),  Ch.  Flechsig  (1)  and  F.  Jacobs  (1) 
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Electrical  Resistivitj'  Tomographic  (ERT)  is  a  well  established  DC-geoelectrical 
survey  method  in  small  and  raid  scale  explorations.  We  transformed  the  mea- 
surment  scheme  to  carry  out  a  large  scale  experiment  to  investigate  the  earth’s 
upper  crust.  The  surroundings  of  the  bore  of  the  German  Continental  Deep 
Drilling  Project  (KTB)  was  choosen  as  test  field.  The  geometrical  setup  fol¬ 
lows  a  22  km  dipole-dipole-profile.  To  realize  the  concept  of  simultaneous  mul¬ 
tichannel  registration  of  the  scalar  electrical  potential  at  44  chpoles,  we  used 
independent  transmitting  and  receinng  units.  The  measured  data  deliver  ap¬ 
parent  resiti\ities  which  were  inverted  to  a  two  dimensional  model  of  the  resi- 
ti\ity  distribution  to  a  depth  of  4  kilometres.  It  was  possible  to  detect  two  high 
conductive  structures  with  steep  inclination.  They  are  expected  to  be  major 
fault  zones  embedded  in  a  metamorphic  body.  The  rather  low  resitivity  with 
p  <  1  Dm  can  be  expleuned  by  the  existence  of  graphitic  minerals  or  electrolytic 
fluids.  With  the  method  of  the  multichannel  DC-geoelectrical  survey  combined 
with  tomographic  inversion  schemes  it  is  possible  to  obtain  detailed  structural 
information  reflecting  past  and  recent  tectonic  processes. 


COMPARATIVE  VALUES  FOR  ENVIRONMENTAL  PARAMETERS  IN  A 
HISTORICAL  BUILDING 

V.Tricio*.  R.Viloria*,  LRodriguez**,  I.  GonzAlcz** 
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There  are  several  external  agents  who  stimulate  the  stone’s  alteration,  the  ^mospheric 
agents  in  particular;  the  ones  that  cause  thermal  effects  and  water’s  actions  are  outlined 
against  the  others.  In  orther  to  establish  their  significance,  in  this  work  results  of  the 
daily  and  seasonal  fluctuations  oi  the  meteorological  and  environment  paramters  that 
contribute  in  these  effects,  as  the  temperatura  and  the  humidity  are  presented.  The  work 
has  the  later  objetive  to  determine  thermal  and  higroscopic  seasonal  and  daily  cycles  on 
a  specific  area  in  a  historical  building,  as  is  the  Burgos  cathedral,  who  is  situated  in  the 
ci^  centre. 

The  thermohigrometric  measurements  have  been  carried  out  with  contact  thermistor 
probes,  type  PTIOO  ftx  the  surface  temperature  and  with  electronic  sensors  for  the 
temperature  andrelative  humidity.  The  instrumental  used  for  the  atmosphere  are  a 
piranometer  of  global  radiation  solar,  type  CM-6B  and  rain  monitor  for  electrical 
identification  at  the  beginning  and  the  end  of  rain. 

The  measurements  carried  out  during  several  selective  periods  in  1997  and  on  different 
locations  in  the  monument.  Results  of  values  have  Bcct  compared  for  surface  and  air 
temperatures,  and  relative  humiditys,  in  fiffoents  episodes  and  under  several 
meteorological  conditions. 


C251 
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Fault  zones  manifest  themselves  by  low  specific  electrical  resistivity  p.  high  p  anisot¬ 
ropy,  high  dielectric  permeability  and  induced  polarization.  This  characteristics  arc 
used  for  faults  tnappiitg  at  dilVcrent  scale.  Rcgiiuial  deep  faults  are  ntap|)cd  by  ex¬ 
tended  frei|uency  band  MagneloTelluric  Sounding  (MTS),  which  uttowed  to  map  in 
ecntiul  Ukraine  u  network  of  deep  faults  with  discrete  inherent  azimuths.  For  the 
faults  niappittg  at  inlcriuediiite  scale  wc  liavc  developed  a  version  oi‘  airtnirnc  iVc- 
qucncy  sounding  which  is  good  in  regions  without  conductive  sediments.  In  regions 
with  lo\s‘  and  luodcrule  coitdueling  sediments  MTS,  FDl'iM  (  Frc(|uency  Dontaiii 
I'lccttoMagnelics)  and  ('t-.MP  (('ircular  LleclioMagnolic  Profiling)  methods  are 
used.  Peculiarities  ol'stuull  scale  faults  mapping  is  considered  with  appliculioii  to  coat 
layer  displacement  in  Donbass  (  CI-MP  and  I’DIiM)  A  high  resolution  version  of 
l-Dl'M  is  proposed,  which  enables  us  possibility  to  define  coat  layer  displacement's 
amplitude  from  shallower  displacements  of  resistive  layers. 


SE39  Physical  properties  of  geomaterials 

02  Imaging,  analysing  and  modelling  pore 
structure  in  geomaterials 

Convener;  David,  C. 

Co-Conveners:  Olgaard,  D.L.;  Rodriguez  Rey,  A. 


IS  IT  POSSIBLE  TO  CHARACTERIZE  THE  GEOMETRY  OF  A  REAL  POROUS 
MEDIUM  BY  A  DIRECT  MEASUREMENT  ON  A  FINITE  SECTION? 
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At  the  Idb-scale  marry  properties  of  real  porous  media  are  strongly  constrained  by  the 
ihicio-geometiy.  2D  image  analysis  can  yield  a  number  of  paiameters  characterizing 
more  or  less  completely  the  micro-geometry'.  Such  parameters  can  be  used  to  constrain 
generators  of  3D  numerical  media  used  as  input-geometries  for  direct  3D  simulations 
yielding  physical  macroscopic  properties. 

A  3D  natural  porous  medium  can  be  viewed  as  the  consequence  of  a  general  process 
irKluding  depositional  and  post-depositional  events.  In  the  context  of  the  'technique  of 
reconstructed  porous  media’,  numerical  media  are  produced  as  realizations  of  a  random 
fimetion  characterized  by  its  mean  (porosity  cp)  and  its  autocotrelation  function  o(r„.r,.) 
measured  by  2D  image  analysis.  The  theoredcal  and  practical  consequences  of  the 
method  are  discussed.  An  inteipretadon  is  proposed  for  the  nature  of  the  geometrical 
information  carried  by  a(rx,ry)  and  sp  measured  on  a  finite  image.  Numerical  experiences 
are  presented  to  illustrate  die  similarities  and  differences  bemeen  simulated  structures 
and  the  structure  of  natural  media.  Observed  differences  are  shown  to  be  due  to  existence 
of  random  geometrical  components  classified  as  a  “structural  noise”  and  intetpreled  as 
the  consequence  of  the  properties  of  <y(T^Ty).  This  raises  the  need  for  quantising  the 
influence  of  such  “stnictural  noise”  on  physics  in  order  to  interpret  cotrectly  the  relation 
betw  een  the  micro-geometry  and  the  physical  properties  of  natural  porous  media. 


QUANTITATIVE  CHARACTERIZATION  OF  CARBONATE  PORE 
SYSTEMS  BY  DIGITAL  IMAGE  ANALYSIS 

F.  S.  Anselmelli  (1),  S.  Luthi  (2)  and  G.  P.  Eberli  (3) 

(1)  Geological  Institute,  ETH,  Zurich,  Switzerland,  (2)  Services  Techniques 
Schlumberger,  Montrouge.  France,  (3)  Univ.  of  Miami,  RSMAS/MGG,  U.S.A, 
n.ivio@erdw.elhz.ch/Fax:  +41-1-632-1080 

A  new  method  of  digital  image  analysis  is  capable  of  quantifying  pore  parameters  in 
rocks  over  more  than  three  orders  of  magnitude,  from  a  submicron  to  a  millimeter 
scale.  The  method  is  based  on  digital  analyses  of  images  from  thin  sections  at  variable 
magnificalions  taken  under  an  optical  microscope  (OM)  and  under  an  environmental 
scanning  electron  microscope  (ESEM).  The  method  yields  porosity  values,  pore  size 
distributions  and  pore  geometry  characteristics  that  can  be  correlated  to  petrophysical 
and  analytical  parameters,  such  as  permeability  and  NMR  data. 

The  approach  consists  of  imaging  the  same,  uncoated  thin  section  under  the  OM  to 
quantify  macroporosity,  and  under  the  ESEM  to  quantify  microporosity,  A  standard 
image  analysis  program  Is  used  to  delect  all  Individual  pores,  and  to  measure  pore  area 
and  pore  perimeter.  Based  on  these  analyses,  we  calculate  for  each  sample 
m.icroporosity.  microporosity,  macropore  shape  (by  dividing  the  pore  perimeter  with  a 
pore  area  value),  and  we  establish  a  pore  size  distribution. 

Tested  on  a  set  of  carbonate  samples,  we  find  that  macropore  shape  is  the  main  control 
for  permeability  in  the  high-permeability  samples,  while  the  amount  of  intrinsic 
microporosity  is  most  influential  in  the  low-permeability  samples.  These  results  are 
confirmed  by  a  sensitivity  analyses  for  permeability  using  neural  networks. 

The  range  of  detected  pores  can  easily  be  expanded  by  one  order  of  magnitudes  (to 
approx.  1  cm),  if,  in  addition,  larger  pores  of  whole  cores  or  hand  specimens  arc 
imaged  by  conventional  flatbed  scanners. 


MODELLING  PHYSICAL  PROPERTIES  OF  SANDSTONE  RESERVOIRS  BY 
BLENDING  2D  IMAGE  ANALYSIS  DATA  WTTH  3D  CAPE-LARY  PRESSURE 
DATA 

S.  Belin  Y.  Anguy  ®  D,  Bernard'’’,  J.B.  Perm and  B.  Fritz  " ' 

"’C.G.S.,  67084  Strasbourg  France,  '"'L.E.P.T.-ENSAM,  33405  Talence  France. 
'^’P.A  D.S.  Inc.,  P.O.  Box  12152,  Columbia,  S.C.  29211-2152,  U  S  A.. 
^lia'S'.illite.u-stiasbg.ff 

One  quantifies  the  relation  between  the  permeability  and  the  micro-structure  of  natural 
poious  media.  The  approach  is  based  on  image  analysis:  using  pattern  recognition 
algorithms  and  polytopic  vector  analysis  the  collection  of  discrete  patches  (PORe 
ELememS.  “porels”)  exposed  in  a  set  of  binary  images  of  the  geometiy  is  characterized 
by  a  few  Pore-Types  (P.’T.s).  Achieved  classification  relates  to  the  geometiy  of  individual 
porels  and  does  not  relate  to  either  3D  connectivity  or  spatial  organization  of  porels.  The 
missing  structural  information  is  obtained  by  applying  multiple  regression  analysis 
procedures  to  P.T.s  data  combined  with  capillaiy  pressure  (Pc)  curves.  The  structured 
nature  of  the  obtained  pore-type/throat  size  relation  is  a  strong  argument  to  interpret 
P.T.s  as  the  fundamental  elements  of  a  structural  hierarchy  and  is  inteipreted  for 
granular  rocks  as  the  consequence  of  a  general  model  ‘the  ongoing  influence  of  a  vell- 
soned  depositional  fabric  coupled  with  the  presence  of  clasts  resistant  to  dissolution  or 
recrystallaation' .  Such  observed  relation  is  used  to  express  much  of  the  flow  variability 
as  a  fimetion  of  the  variations  in  the  relative  abundance  of  the  P.T.s  associated  to  the 
largest  throat  sizes.  This  contribution  illustrates  the  approach  in  the  case  of  a  North  Sea 
sandstone  reservoir  for  29  samples  representativ  e  of  different  stages  of  illite  diagenesis. 
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THE  GRAIN  SCALE  LOCALISATION  PROCESSES: 
EXPERIMENTAL  STUDY  ON  LACUSTRINE  CLAYS. 

F..  Carrin  Schaffhauser  ( 1 ),  J.F.  Gamond  (I ),  O.  Henriot  (2),  J.  Chamillet  ( 1 ) 

(1)  LGIT,  UMR  5559  CNRS,  38041  Grenoble  Cedex  France.  (2)  LGCA,  UPRES- 
A5025,  Universite  de  Savoie.  73376  Chambery  Cedex,  France. 
ecarrio@uJf-grenoble.fr  /  fax:  04.76.82.81.01 

Localisation  processes  at  the  grain  scale  in  a  rock  matrix  are  still  poorly 
understood  because  they  strongly  depend  on  the  material  (cohesion,  grain  size  and 
shape...)  and  deformation  conditions  (confining  pressure,  load  rate...).  Another 
difficulty  is  to  observe  in  situ  development  of  deformation  bands.  Previous  works 
(Desrues,  1984;  Tillard-Ngan  et  ql,  1993)  showed  that,  after  a  first  phase  of 
homogeneous  distribution,  localisation  appears  as  dilatant  shear  deformation  bands 
whose  thickness  depends  on  the  material.  Using  a  plane  strain  biaxial  compression 
cell,  stereophotogrammetry  and  SEM  on  overconsolidated  lacustrine  clays,  the  main 
stages  of  the  rock  matrix  deformation  are  described.  Starting  from  an  alveolar  matrix,, 
a  multistage  cohesion-loss  lakes  place;  first,  curved  discontinuities  appear  around 
clusters  and  then,  extend  within  the  masses,  as  stress  increases.  Later,  this  cohesion- 
loss  spreads  to  grain  and  layer  scales,  opening  voids.  Intensity  of  intergranular 
dilatancy  varies  throughout  the  matrix,  possibly  because  of  the  initial  compaction 
state  of  the  clays.  The  final  stage  of  deformation  is  caracterized  by  microfracture 
nucleation.  First,  mode  I  cracks  are  created  by  coalescence  of  the  main  curved 
discontinuities.  When  these  fractures  link,  mode  II  fractures  appear  at  a  greater  scale. 
Only  the  ultimate  stages  of  fracturing  deformation  show  a  shear  behaviour,  mainly 
revealed  by  folded  clay  layers.  The  mrxle  I  stage  seems  to  be  the  transition  between 
the  distributed  and  localized  modes,  inducing  a  rigid  rock  matrix  behaviour. 


INFINITE  CLUSTER  IMAGING  ;  EXPERIMENTAL  ASPECTS  OF  WOOD’S 
METAL  INTRUSION  IN  FONTAINEBLEAU  SANDSTONES 

M.  Parol.  B.  Mendndez  and  J.-D.  Bernard 

UMR  CNRS  7516,  Institut  de  Physique  du  Globe  de  Strasbourg 

mdarot@eost.u-strasbg.fr  /  Fax :  33-3-88-41-64-97 

Wood's  metal  intrusions  are  performed  in  Fontainebleau  sandstones 
specimens  under  confining  pressures.  Increasing  capillary  pressures  drive 
the  molten  metal  to  invade  the  jacketed  specimen  from  the  bottom  to  the 
top,  its  progression  is  checked  by  means  of  electrical  resistance 
measurements  through  the  sample.  The  test  is  stopped  as  soon  as  the 
percolation  threshold  Is  reached  (noticed  by  an  abrupt  decrease  In  the 
electrical  resistance).  Experiments  on  the  determination  of  the  surface 
tension  and  the  contact  angle  of  Wood's  metal  on  quartz  are  carried  on  to 
study  the  feasibility  of  porosimetry  measurements.  The  Wood's  metal 
intrusion  procedure  provides  us  with  filled  networks  ('infinite  clusters')  which 
are  assumed  to  contain  the  controlling  parameters  of  transport  properties. 
Image  analysis  techniques  are  applied  to  the  study  of  polish^  surfaces  and 
used  to  extract  the  geometrical  characteristics  of  the  percolation  networks. 
Serial  crossections  with  very  small  equidistances  are  studied  by  regular 
optical  microscopy .  The  final  goal  being  3D  reconstructions  in  order  to  gain 
informations  on  the  topology  of  the  network  at  the  percolation  threshold. 


Visualisation  of  Pore  Structure  Geometry  using  Confocal  Scanning 
Laser  Microscopy 

G.  Davidson  ( I ).  N.  Petford  (2)  and  J.A.  Miller  (3) 

(1,3)  Department  of  Electronic  &  Electrical  Engineering,  University  College 
London,  UK,  (2)  School  of  Geological  Sciences,  Kingston  University,  UK,  (3) 
Bullard  Laboratories,  University  of  Cambridge,  UK. 
n.pet(^king. ac.uk 

Simulation  of  fluid  flow  through  sedimentary  rocks  can  be  improved  by  accurate 
determination  of  the  3D  pore  structure.  While  porosity  can  be  determined  by  various 
means,  critical  microstructutal  variables  such  connectivity,  size  distribution, 
tortuosity  and  shape  can  only  be  statistically  estimated  from  2D  analysis. 
Conventional  thin  section  imaging  via  scanning  microscopy  or  optical  microscopy 
can  only  analyse  the  surface  of  a  sample,  while  serial  sectioning  is  inherently 
destructive.  As  full  understanding  of  fluid  flow  in  geomaterials  requires  a  complete 
description  of  the  3D  microstructure,  it  is  advantageous  to  do  this  non-destructively. 
This  is  possible  using  the  relatively  new  technique  of  confocal  scanning  laser 
microscopy  rCSLM).  We  show  how  2D  optical  slices  obtained  using  CSLM  through 
a  sandstone  reservoir  rock  can  be  reconstructed  in  3D,  thus  enabling  the  true  pore 
geometry  with  depth  to  be  visualised.  Initial  results  coupling  the  CSLM  data  with 
numerical  simulations  of  fluid  flow  suggest  that  the  geometry  of  the  pore  space  -  in 
particular  the  3D  distribution  of  pore  throat  radii  -  are  crucial  in  determining  the 
rates  and  fluxes  of  fluid  transport  in  porous  geomedia. 


A  NEW  METHOD  OF  SKELETON  EXTRACTION  AND  APPLI¬ 
CATION  FOR  3D  SOIL  IMAGES 

J.F.  Delerue  (1),  Z.Y.  Yu  (1),  S.D.  Ma  (1)  and  E.  Perrier  (2) 

(1)  Sino-French  Joint  Laboratory  Of  Research  in  Computer  Science,  Control 
and  Applied  Mathematic,  Institute  of  .Automation,  Chinese  Academy  of  Sci¬ 
ences.  PO.Box  2728  Beijing  100080  PR  China,  (2)  LI.A,  ORSTOM,  32  avenue 
Henri  Varagnat,  93143  Bondy  Cedex,  France: 
delerua01otu3.ia.ac.cn 

Our  work  aims  at  analyzing  3D  soil  images  to  build  geometric  models  of  soil 
structure  and  to  simulate  the  soil  hydraulic  properties.  Up  to  now,  a  new  algo¬ 
rithm  based  on  Voronoi  diagrams  has  been  developed  to  determine  the  skeleton 
of  the  3D  pore  network.  This  provides  an  Euclidean  distance  map  to  the  near¬ 
est  solid  border  for  any  voxel  in  the  pore  space.  Using  this  algorithm,  we  can 
obtain  the  pore  size  distribution  of  the  3D  soil  image,  and  can  compare  it  with 
the  pore  size  distribution  within  any  of  the  2D  sections  which  constitute  the 
image.  Using  this  information  and  the  connectivity  of  the  pore  skeleton,  we  can 
simulate  fluid  invasion  percolation  inside  the  pore  network  of  the  soil  sample. 
.All  those  methods  are  illustrated  by  simulating  mercury  injection  in  a  3D  image 
of  a  cracked  clay  soil  sample. 

soil  images.  .A  new  algorithm  based  on  VoronoV  diagram  is  developed,  sample, 
with  Euclidean  distance  to  the  border,  soil  image,  and  can  compare  it  with  the 
pore  size  distribution  of  each  2D  slide  which  constitute  this  image.  Using  those 
informations,  we  can  simulate  the  mercury  invasion  inside  the  pore  network  of 
the  soil  sample.  All  thoses  methods  are  illustrated  on  a  real  3D  image  from  a 
soil  sample  of  clay. 


20/3D  CHARACTERIZATION  OF  A  NATURAL  POROUS  MEDIUM: 
THE  CHALK 

.C.'  PuJboj6  (1).  P-  Gaviglio  (2),  F.  TTiemier  (1),  I.  Pointeau  (1) 

(1)  Laboratolre  de  Mteroanalyses  NudAaires,  Universite  de  Franche- 
Comte,  France  (2)  Laboratoire  de  Qdosoienoes,  Universite  de 
Franche-ciomte,  France,  e-mdil :  claud‘’.dubois®univ-fcomte.fr 

The  investigated  material  is  a  pure  white  chalk  of  Southern  England 
(Sussex),  tt  belongs  to  the  Upper  Cretaceous  (Upper  Chalk).  It  is 
made  up  of  calcite  crystallites  from  ooccoliths  microfossils  (around  1 
pm  in  size)  with  a  loose  arrangement;  the  porosity  is  about  40%. 
Some  significant  decreases  of  the  pore  volume  can  be  detected  in  the 
material:  they  are  evidence  of  tectonic  strains  in  the  matrix.  Most  of 
the  pore  velume  is  made  up  of  micropoies.  The  mesopores  are 
mostly  voids  belonging  to  bigger  microfossils. 

The  porous  structure  of  the  chalk  In  regard  to  the  distribution  of  the 
caloito  crystallites  was  studied  by  SEM  image  analysis.  The  bimodal 
distribution  of  meso  and  micropores  was  quantified  and  the  total 
surface  porosity  correlated  to  the  volume  porosity  by  Hg  porosimetiy. 
A  technique  has  been  developed  in  order  to  consolidate  the  material 
and  enable  us  to  obtain  observable  surfaces  without  altercations,  The 
problems  arfeing  from  a  vitide  range  in  observation  scales  are 
discussed. 


INTRODUCING  A  PERCOLATION  THRESHHOLD  IN 
PORE-SCALE  MODELLING 

.I.P.  du  Plessis 

Dept,  of  Applied  Mathematics,  University  of  Stellenbosch,  South  .Africa 
jpdp'Smaties.sun.ac.za/Fax:  -(-27-21-808-3778 

An  existing  pore-scale  model  of  homogenous  granular  media,  which  is 
very  successful  in  predicting  average  flow  phenomena  in  higher  porosity 
regimes,  is  adapted  to  include  the  effect  of  pore  throat  blockages  on  both 
the  hydrodynamic  permeability  and  electric  formation  factor  at  very  low 
porosities.  Near  the  percolation  threshold  of  the  medium  a  permeable 
backbone  is  defined  through  which  all  the  seepage  and  conduction  takes 
place.  The  crux  of  the  method  lies  in  the  modelling  of  the  backbone 
tortuosity  and  its  influence  on  the  physics  of  flow  and  conduction.  The 
asymptotes  corresponding  respectively  to  the  percolation  and  the  high 
porosity  regimes  are  matched,  rendering  the  results  only  dependent  on 
grain  size,  porosity  and  threshhold  porosity.  The  deterministic  equa¬ 
tions  derived  are  applied  to  seepage  and  electric  conduction  through  low 
porosity  sandstones  and  shown  to  provide  very  good  comparison  with 
published  experimental  results. 
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STRONG  RSLAnONSHIPS  BETWEEN  IMAGE  DATA  AND 
SANDSTONE  PHYSICAL  PROPERTIES 

Robert  Ehrlich, 

Energy  antf  Geoscience  Institute,  University  of  Utah,  Salt  Lake  City, 
USA.  e-mall:  beht1ich@ogi.utah.e<Ju 

A  vyitje  range  of  properties  measured  on  three  dimensional  samfHes  of 
eandsione  are  strongly  correlated  with  aspects  of  porosity  measured  in  a 
single  ZD  plane  of  section  cutting  each  sample.  Such  properties  Include: 
fracture  toughnese,  permeability,  residual  oil  saturation.  Irreducible  water 
eaturatton  and  NMR  T1  and  T2  relaxation  spectra,  formation  factor 
(reciprocal  nomtalteed  conductivity).  Sandstones  are  the  product  of  the 
assembly  of  a  eolinctlon  of  sand  grains  under  the  forces  of  gravity  and 
deposltional  hydrodynamics.  The  s^lal  configuration  of  this  assembly  can 
be  defined  equafly  well  by  the  grains  or  the  Inter  granular  porosHy. 
mtergranolar  porosity  can  be  oonfigured  In  only  a  few  (^rhaps  only  one) 
consistent  with  aedimeraology  and  the  relationships  between  planar  porosity 
oonfigurations.  This  assembly,  predicfed  by  Qraton  and  Fraser  (1935) 
consists  of  otoee  packed  domains  sepanated  by  pecking  flaws.  The  pecking 
flaws  are  circuits  with  long  range  spMlat  attributes  that  are  responsible  for 
most  of  the  transport  properties  and  strongly  Influencing  fracture  toughness. 
Two  unrelated  Image  analytical  procedures  can  be  used  to  study  this 
system;  poret-based  erosion  /  dilation  differencing  and  filtered  Fourier 
transforms  of  binary  Images. 


3D  IMAGING  OF  POROUS  MEDIA  AND  APPLICATION  TO 
MICROSCALE  MODELING  OF  TRANSPORT  PROPERTIES 
J.  T.  FVedrich 

Sandia  National  Laboratories,  Albuquerque,  NM  87183-0751,  USA. 
f  redr  ichCsandia .  gov/Fax:  1-503-844-7354 

We  describe  advances  in  the  application  of  laser  scanning  confocal  microscopy 
(LSCM)  to  image  and  statistically  characterize  the  3D  microgeometry  of  porous 
geologic  and  engineering  materials.  We  hope  to  derive  new  understanding  of  the 
transport  properties  of  complex  porous  media  by  complimentary  analyses  of  the 
3D  microgeometry,  laboratory  transport  experiments,  and  pore-scale  numeri¬ 
cal  flow  simulations.  We  are  performing  systematic  studies  on:  Fontainebleau 
sandstone,  a  pure  quartz  sedimentary  rock  with  a  range  in  porosity  from  5-25%: 
and  glass  bead  packs  sintered  to  porosities  of  5-35%.  Back-to-back  optical  sec¬ 
tions  are  obtained  using  LSCM.  and  image  processing  techniques  are  applied 
to  sharpen  and  then  segment  the  volumetric  image  data  into  solid  and  void 
space.  The  resulting  binary  data  are  processed  to  extract  statistical  descrip¬ 
tions  of  first-order  geometric  parameters  such  as  porosity  and  specific  surface 
area  using  n-point  probability  functions.  Higher-order  parameters  that  seek  to 
capture  spatially  distributed  geometric  attributes  of  the  pore  structure  are  ob¬ 
tained  using  a  medial  axis  analysis  as  formulated  by  Lindquist  (JGR,  1993). 
In  parallel,  we  are  performing  laboratory  measurements  of  permeability  as  a 
function  of  hydrostatic  stress.  Finally;  we  discuss  the  use  of  LSCM  to  generate 
geometric  models  that  are  used  in  3D  numerical  simulations  of  non-reactive 
transport  using  the  Lattice  Boltzmann  Method. 


IMAGING  AND  ANALYZING  ROCK  POROSITY  BY  AUTORADIO¬ 
GRAPHY  AND  HG-POROSIMETRY/COMPUTERTOMOGRAPHY 

J.  Goebbelslll.  K-H.  Hellniulhf2).  P.  Klobes(I),  K.  Meyerfl),  M.  Siitari-KauppiO). 

(1)  BAM,  Berlin,  (2)  STUK,  Helsinki,  karl-heinz.hellmuth(^'snik.fi,  Fax:  +358  9 
759  88  382,  (3)  Radiochemisiiy  Lab..  University  of  Helsinki. 

The  development  of  two  methods  for  the  assessment  of  the  ability  of  different  rocks 
to  retard  radionuclides  migrating  in  groundwater  by  diffusion  and  soqption  is  repor¬ 
ted.  The  potential  for  application  of  the  methods,  however,  is  wider,  e.g.  mechanical 
rock  properties  have  not  yet  been  considered.  The  retardation  ability  is  dependent  on 
size  and  structure  of  the  accessible  pore  space  and  internal  surfaces.  Impregnation 
with  labelled  PMMA  and  autoradiography  allows  the  inve.stigation  of  the  pattern  of 
the  spatial  porosity  distribution  and  quantitative  measurement  of  mineral-specific, 
lo-cal  porosities,  as  welt  as  an  assessment  of  hydraulic  and  diffusive  transport 
proper-ties.  Quantitative  information  on  surface  areas  within  certain  pore  size  ranges 
can  be  achieved  by  combination  of  mercury  intrusion  porosimetry  with  X-ray 
absorption  computertomography.  In  rocks  with  a  pronounced  intrusion-extrusion 
hysteresis  3D-images  of  the  pore  network  between  certain  limits  of  apertures  can  be 
obtained  and  mineral-specific  internal  surface  areas  can  be  estimated.  The  resolution 
is  about  10-30  pm  (autoradiography)  and  50  pm  (tomography).  In  very  narrow  pore 
systems  method-specific  dependencies  of  the  results  on  the  probe  molecule  have 
been  found  for  methods  applied  for  the  pore  space  characterization.  New 
applications  are  under  development,  namely,  modelling  of  diffusion  in 
heterogeneous  matrices,  texture  analysis,  characterization  of  excavation  disturbed 
zones  and  the  study  of  fracture  formation  under  stress  or  stress  release  effects. . 


PORE  FABRICS  OF  CERAMIC  MODELS  INVESTIGATED  BY  MAGNETIC 
ANISOTROPY 

F,  Hrouda  (1,2),  J.  Hanak  (3),  I.  Terzijski  (4) 

(1)  AGICO  Ltd.,  Brno,  Czech  Republic,  agico(gagico.cz, 

(2) Institute  of  Petrology  and  Structural  Geology,  Praha,  Czech  Republic, 

(3)  Geofyzika  a.s.,  Brno.  Czech  Republic, 

(4)  TU  of  Brno,  Faculty  of  Civil  Engineering,  Brno,  Czech  Republic 

Ceramics  (roofing  tiles)  with  relatively  high  porosity  (above  30  %)  was  used  as  model 
to  investigate  the  pore  fabric  formed  during  ductile  deformation.  The  pore  fabric  was 
investigated  through  measuring  magnetic  anisotropy  of  the  specimens  having  their 
pores  saturated  by  a  ferromagnetic  fluid.  The  ductile  deformation  of  the  ceramics  was 
investigated  through  measurement  of  magnetic  anisotropy  of  dry  specimens.  The 
character  and  symmetry  of  the  pore  fabric  are  compatible  with  those  of  the 
deformations  forming  the  fabric  of  the  ceramics. 


ON  MODIFICATION  OF  SPATIAL  POSITION  OF  ELASTIC 
SYMMETRY  ELEMENTS  UNDER  PRESSURE. 

Ilchenko  V.L..  Gorbatsevich  F.F.  Geological  Institute  of  the  Kola 
Science  Centre  RAS,  l4,Fersman  street,  Apatity,  184200,  Murmansk 
reg.,  Russia,  E-mail:  root(^gorichs.murmansk.su 

Spatial  position  of  elastic  symmetry  elements  of  rocks  does  not  always 
coincide  with  orientation  of  textural-structural  elements.  Elastic 
symmetry  of  rocks  is  a  result  of  combined  influence  of  elastic  symmetry 
of  rock-forming  mineral  grains  and  microcracks  on  the  grain 
boundaries.  Orientation  of  grains  and  microfractures  depends  on  the 
influence  of  paleo  and  modem  stresses  on  the  rock.  The  influence  of 
stress  on  spatial  orientation  of  elastic  symmetry  elements  of  rocks  has 
been  investigated  by  means  of  acoustopolariscopy  method.  Samples 
were  sounded  along  the  direction,  normal  to  the  load  application 
direction.  Maximum  pressure  was  90  MPa,  a  step  of  loading  -  15  MPa. 
It  was  established  that  the  majority  of  rocks  change  the  orientation  of 
elastic  symmetry  elements  by  5- IS",  in  some  cases  (granodiorite)  -  the 
angle  of  rotation  reaches  91”.  The  degree  of  reorientation  of  elastic 
symmetry  elements  in  strong  crystal  rocks  resulting  from  uniaxial 
loading  mainly  depends  on  the  degree  of  rocks  jointing  as  well  as  on 
homogeneity  of  their  structure  and  mineral  composition. 


3'D  DEFORMATION  ANALYSIS  BASED  ON  HIGH  RESOLUTION 
X^AY  TOMOGRAPHS 

A.  F.Lacl{l(l)arKl.5,Jigjr(2) 

(1)  University  ol  Florida,  Galnsville,  FL.,  (2)  Lawrence  Livermore 
National  Laboratory,  Livermore,  CA.,  USA.e-mall :  blai6Gllnl,gov 

The  objective  of  this  research  Is  to  provide  fundamental 
understanding  of  deformation  and  fluid  flow  in  rocks  at  the  grain  and 
pore  scale,  under  conditions  of  static  and  dynamic  loading.  Our 
approach  Is  to  utilize  high  resolution  3-dimensional  images  of  rock 
microstructures  In  conjunction  with  high  performance  numerical 
techniques  to  simulate  of  the  behavior  of  the  rock-fluid  system  on  the 
scale  of  microns  to  millimeters.  In  particular  we  utilize  X-ray 
tomographic  mteroscopy  (XTM)  to  provide  high  resolution  3- 
dimenslonal  images  of  rock  miorostructure,  including  the  mechanical 
frame  work  of  grains  (matrix)  In  addition  to  the  pore  space.  We  have 
developed  a  new  finite-elcmertt  numerical  model  to  simulate  the  static 
and  dynamic  mechanical  behavior  of  rock  at  the  pore  scale,  which 
allows  us  to  fully  resolve  all  the  details  of  an  )aM  Image.  We  are 
starting  to  use  the  model  to  predict  where  cracking  end/or  fracture 
can  be  expected  In  the  imaged  samples.  After  validating  the  model 
we  will  use  it  to  investigate  oonnectlons  between  macroscopic  stress- 
strain  behavior  and  the  patterns  and  energetics  of  localized  fracture. 
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INVESTIGATING  THREE  DIMENSIONAL  GEOMETRY  OF 
POROUS  MEDIA  FROM  HIGH  RESOLUTION  IMAGES 

W.  B.  Lindquist 

State  University  of  New  York  at  Stony  Brook,  Stony  Brook,  NY  11794-3600. 
lindquisOams. sunysb.edu/Fax:  [1]  516  632  8490 

The  leading  X-ray  computed  microtomographic  imaging  facilities  can  now  pro¬ 
vide  1024^  voxel  images  of  rock  and  other  porous  media  samples  at  a  voxel  res¬ 
olution  of  about  5  microns.  Scanning  laser  confocal  microscopy  measurements 
of  rock  can  provide  images  at  sub-micron  resolution,  though  with  limitations 
involving  depth  and  the  resolution  of  isolated  voids.  These  data  sets  are  ex¬ 
tremely  rich  in  information,  but  are  overwhelming  in  size;  one  1024^  data  set 
corresponds  to  a  gigabyte  of  character  data. 

We  have  developed  a  computational  package  called  3DM.\  to  use  as  a  tool  to 
provide  analysis  of  the  geometry  of  the  pore  and  grain  phases  of  digitized  three 
dimensional  images.  Current  analyses  for  each  phase  include  determination  of 
volume  fraction,  specific  surface  area,  2-point  spatial  covariance,  disconnected 
volume  distribution,  the  medial  axis  (ID  skeleton),  path  length  and  tortuosity 
distribution,  coordination  number,  throat  size  and  nodal  pore  volume  distri¬ 
butions.  We  have  applied  this  analysis  to  a  variety  of  porous  media  images 
including  rocks  (sandstones,  basalts,  carbonates),  glass  micro-bead  packs,  cel¬ 
lulose  fiber  networks,  and  biological  images  (neurons)  and  two-fluid  mixtures. 
Medial  axis  analysis  is  a  central  component  of  the  package.  It  provides  a  one 
dimensional  ‘skeleton'  enabling  efficient  searching  and  geometrical  characteri¬ 
zation  as  well  as  a  ‘graph’  for  the  application  of  graph  theoretic  network  tools. 


FRACTURE  NETWORK  VERSUS  SINGLE  FRACTURES: 
MEASUREMENT  OF  FRACTURE  GEOMETRY  WITH  X-RAY 
TOMOGRAPHY 

r  F)  Mnnremagnn  fll  and  L.  J.  Pvrak-Nolte  (2) 

(1)  Dept,  of  Agricultural  &  Biological  Engineering,  Cornell  Univ.,  Ithaca,  NY, 
USA  (2)  Dept,  of  Physics,  Purdue  Univ.,  West  Lafayette,  IN,  USA,  Fax:  765- 
494-0706;  e-mail:  pyrak@physics.purdue.edu. 

Several  long-standing  questions  concerning  fluid  transport  in  fractured  rock 
involve  the  geometrical  properties  of  the  connected  void  space  within  a  fracture 
network.  We  present  experimental  results  that  compare  the  geometrical  properties 
of  a  fracture  network  to  those  of  the  individual  fractures  in  the  network.  To 
image  and  quantify  the  aperture  disuibution  of  natural  fracture  networks  in  coal,  a 
Wood's  metal  injection  method  is  combined  with  X-ray  computerized  tomography 
and  image  analysis.  We  find  that  the  aperture  distribution  of  the  networks  are 
spatially  anisoffopic  and  dependent  on  the  number  and  geometry  of  the  individual 
fractures.  Void  area  in  the  individual  frachires  ranged  between  38%  -  49%.  A 
three-dimensional  auto-correlation  analysis  on  the  fracture  network  found  that  the 
apertures  were  correlated  over  distances  of  6  mm  to  30  mm  and  the  correlation 
slope  differed  between  the  two-orthogonal  directions.  Our  results  suggest  that 
three-dimensional  extrapolations  from  two-dimensional  cross-sections  may  not 
lead  to  faithful  representations  of  fracture  networks  for  distances  that  exceed  the 
correlation  length. 


Laser  confocal  microscopy  study  of  the  3-d  crack  network  of 
MECHANICALLY  AND  THERMALLY  DEFORMED  GRANITE  SAMPLES 

B.  Mendndez,  C.  David  and  M.  Darof 

Institut  de  Physique  du  Globe  de  Strasbourg,  UMR  CNRS  7516,  France 
e-mail :  bea@asturias.u-strasbg.fr 


2D  AND  3D  GEOMETRY  OF  SOILS  ;  PORE  SIZE  DISTRIBUTION  AND 
PERCOLATION  PATHS 

E.  Moreau  *' ',  S.  Sammartino^’’^*.  G.  Touchard  ' 

“’Laboratoire  d’Eludes  Aerodynamiques,  ®  Laboratoire  Hydr’ASA,  University  of 
Poitiers.  France,  eric@indy. campus.univ-poitiers.fr/Fax:  (33)  05  49  45  34  03 


Laser  confocal  microscopy  (LCM)  was  used  to  characterise  3D  crack 
networks  in  La  Peyratte  granite  samples  in  which  cracking  has  been 
artificially  induced.  Our  goal  was  to  recognise  typical  crack  patterns 
associated  with  different  cracking  mechanisms.  We  have  taken  advantage 
of  the  ability  of  LCM  to  image  thin  slices  within  the  rock  sample  in  two 
different  ways :  first  there  are  no  overprojection  problems  for  stereological 
studies,  and  second,  one  can  obtain  series  of  images  at  different  depths 
from  which  the  3-D  crack  network  can  be  reconstructed. 

Thermal  cracks  were  induced  by  heating  selected  samples  at  different 
temperatures.  Other  samples  were  deformed  under  triaxial  conditions  at 
maximum  deviatoric  stresses  close  to  but  lower  than  the  rock  failure  stress, 
to  generate  stress-induced  cracking.  A  thorough  microstructural  analysis 
was  conducted  on  polished  sections  obtained  from  the  cracked  samples 
impregnated  with  a  fluorescent  epoxy.  Stereological  procedures  were 
applied  in  order  to  estimate  crack  parameters.  In  addition  some  3-D 
reconstructions  were  made  on  selected  areas.  Both  our  2D  and  3D  analyses 
showed  a  striking  difference  between  thermally  cracked  and  mechanically 
cracked  samples,  which  is  the  presence  of  a  strong  anisotropy  of  crack 
orientation  in  the  latter  not  observed  in  the  former. 


Can  one  characterize  electric  and  hydraulic  phenomena  inside  a  soil  by  2D  image 
analysis  ?  In  order  to  respond  to  this  question,  the  goal  of  our  work  consists  in 
comparing  the  2D  and  3D  structures  of  soils. 

Two  kinds  of  geometry  are  studied  :  (i)  the  crack  network  of  a  heterogeneous  clay 
soil  reconstructed  by  serial  sectioning  and  (ii)  the  pore  set  of  a  homogeneous  porous 
medium  modelled  by  random  packing  of  unequal  deformed  spheres. 

In  the  both  cases,  two  morphological  and  topological  caracterislics  are  obsened  by 
two-  and  three-dimensional  image  analysis  : 

(j)  the  pore  size  distribution  obtained  by  granulometry  and  (jy)  the  percolation 
threshold  associated  to  the  width  of  the  fluid  flow  path  narrowings. 

Two  main  results  can  be  deduced  : 

(k)  For  the  clay  soil,  the  2D  and  3D  pore  size  distributions  are  similar  even  when 
the  percolation  threshold  of  the  fluid  flow  paths  is  highly  under-estimated  in  2D. 
(kk)  The  morphology  and  the  connectivity  of  the  3D  porous  medium  may  be 
characterized  by  the  analysis  of  some  two-dimensional  cross-sections. 


ESTIMATION  OF  PORE  GEOMETRY  PARAMETERS  IN  ROCKS  FROM 
SINGLE  SECTIONS  BY  STEREOLOGY 

B.  MenUndez  (1),  A,  Rodriguez-Rey  (2)  and  M.  Montoto  (2) 

(1)  Institut  de  Physique  du  Globe  de  Strasbourg  (France)  UMR  CNRS  7516,  (2) 
Dept,  of  Geology.  University  of  Oviedo.  Oviedo  (Spain). 
arrey@asturias.geol.uniovi.es 

Stereology  provides  efficient  procedures  for  quantifying  rock-forming  components,  as 
pore  geometry  of  rocks,  an  important  data  on  many  applications:  its  influence  on 
transport  properties,  geomechanical  behaviour,  etc.  has  been  clearly  recognized.  In 
fact  porosity  is  a  key  data  in  Rock  Engineering,  Stone  Conservation,  Rock  Store. ... 
Classically,  pore  volume  and  surface  area  are  the  most  used  parameters  regarding 
porosity,  as  well  as  the  mean  pore  size  (number-weighted);  the  latter  requires  serial 
sections  to  be  estimated  by  stereology.  The  volume-weighted  mean  size  is  a  less 
common  parameter  that  can  be  more  useful  in  case  of  very  skewed  pore  size 
distribution,  that  is,  when  a  few  very  large  pores  coexist  with  many  small  ones.  A 
practical  advantage  is  that  it  can  be  estimated  on  single  sections.  As  a  methodological 
example,  all  the  mentioned  parameters  are  here  estimated  using  a  very  simple,  fast  and 
inexpensive  stereological  procedure  on  scanning  electron  microscopy  images.  The 
oolitic  limestone  used  as  a  building  stone  in  the  Cathedral  of  Sevilla  (Spain)  and  the 
Bangombe  sandstone,  from  the  Oklo  (Gabon)  natural  analogue  site,  are  the  two 
examples  included;  therefore,  two  important  fields  as  Stone  Conservation  and  Disposal 
of  Radioactive  Wastes  are  here  represented. 


MICROSCALE  FLOW  MODELING  IN  GEOLOGIC  MATERIALS 
Ruaidhrf  M.  O’Connor,  Joanne  T.  Fredrich  and  Harlan  W.  Stockman 
Sandia  National  Laboratories,  .Albuquerque,  NM  87185-0751,  USA. 
naoconqsandia.gov/Fax:  00-1-505-844-7354 

Innovations  in  3D  imaging  techniques,  numerical  models  of  fluid  transport, 
and  computational  architectures  now  allow  simulations  of  flow  in  porous  media 
to  be  performed  at  the  microscale.  High  resolution  reconstructions  of  geologic 
and  engineering  materials  using  LSCM  are  large  enough  to  minimise  sampling 
artifacts,  and  also  provide  access  to  the  representative  scale  lengths  at  which 
porous  media  flow  needs  to  be  characterised.  However,  typical  3D  data  sets 
are  extremely  large,  and  to  utilize  this  information  effectively  there  are  signif¬ 
icant  issues  regarding  the  tractable  computation  of  transport  phenomena  at 
the  pore  scale.  The  principal  problem  lies  in  the  complexity  of  the  geometry 
and  the  retention  of  this  structure  in  subsequent  numerical  analyses.  Lattice 
Boltzmann  Methods  (LBM)  have  arisen  as  the  most  attractive  approach  to 
simulate  transport  processes  in  complex  geometric  domains  due  to  the  unique 
ability  to  simply  and  efficiently  treat  the  multitude  of  discrete  boundary  condi¬ 
tions.  LBM  are  also  numerically  explicit  as  formulated,  thereby  permitting  the 
effective  application  of  distributed  computing  methods  to  the  problem.  Here 
we  describe  the  results  of  single  phase  flow  simulations  in  3D  data  sets  ob¬ 
tained  from  Fountainebleau  sandstone  core  samples  using  LSCM.  Simulations 
are  performed  using  both  a  purpose-built  distributed  processor  system  and  a 
massively  parallel  processer  (MPP)  platform.  Permeability  measurements  pre¬ 
dicted  numerically  are  compared  with  those  from  laboratory  flow  experiments. 
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ALTERATION  INFLTJENCE  ON  MICROPOROSITY  CONNECTIVITY  OF 
CHARROUX-CIVRAY  TONALITE. 

S.  SammaninoHAL  P.  Patrier(2),  P.  Sardini(3),A.  Mcunier(l)  and  E.  Tevisscn(5) 
(1)  Hydr’A,S.A.,  (2)  E.S.I.P.,  (3)  E.R.M.  Ltd,  (4)  L.E.A.,  University  of  Poitieis 
(5)  A.N.D.R.A.,  D.S.  -  S.H.G. 

stephane@indy.catnpus.univ-poitiers.fr/Fax:  +33-05-49453403 

Potential  nuclear  wastes  storage  in  rocks  raises  the  problem  of  long  term  safety  of 
the  ultimate  repository  barrier.  Pervasive  and  vein  alterations  modify  strongly  the 
microporosily  of  rocks  and  so  its  hydro-mechanical  capabilities.  In  order  to  assess 
transport  properties  evolution  versus  alteration,  we  have  studied  few  graduate  clay- 
carbonate  facies  in  comparison  with  an  unaltered  one.  The  aim  of  this  work  is  so,  to 
locate  probable  and  potential  fluid  pathways  and.  to  understand  how  they  could 
evolved  or  be  developed  in  time.  Tools  used  are  2D-image  analysis  and  physical 
measurements.  2D-paramelers  are  obtained,  at  core  scale,  concerning 
morphological  features  and  spatial  distribution  of  primary  mineral  phases.  A 
specific  staining  method  was  adapted,  for  core  sections,  based  on  K-ferrycianide 
and  HF  attack,  to  allow  an  accurate  and  useful  mineral  segmentation.  These 
techniques  prove  to  be  successful  with  the  different  utilised  facies.  At  grain  scale, 
S.E.M.  statistical  analysis  permits  to  locate  and  quantify'  microporosity.  3D- 
parameters  are  obtained  by  Hg-porosimclry  and  by  a  specific  water  permeability 
e.\pcriment  under  low-pressure  conditions.  This  investigation  provides,  a  good 
understanding  of  granular  rock  features  versus  alteration.  Appropriate  parameters 
are  deduced  and  can  be  used  with  percolation  models.  Finally,  tools  and  techniques 
developed  contribute  to  the  approach  of  real  3D  characterisation  of  rocks. 


SIMULATION  OF  2D  GRANITE  CRACK  SYSTEMS  FROM  IMAGE 
ANALYSIS  AND  STEREOLOGICAL  DATA. 

P.  Sardini  (1),  S.  Sammartino  (2,  3),  and  E.  Moreau  (3) 

(I)  Etudes  Reeherches  Matdriaux  Ltd.,  Civaux,  (2)  Laboratoire  Hydr’ASA,  U.M.R. 
6532  du  C.N.R.S.,  University  of  Poitiers,  (3)  Laboratoire  de  Physique  et  Mdcanique 
des  Fluides,  U.M.R.  6609  du  C.N.R.S.,  University  of  Poitiers, 
paul@indy.cainpus.univ-paitiers.fr/  Fax :  +33-05-4946181 1 

Transport  properties  of  two  unaltered  polyphasic  igneous  rocks  (granite  and  tonalite) 
are  studied  from  image  analysis  and  stereological  results.  Microcracks  are 
considered  to  represent  the  most  important  small  scale  fluid  vector  of  the  rock.  On 
the  studied  samples,  we  consider  that  they  are  probably  due  to  rock  decompression. 
The  proposed  model  of  porosity  is  geometrically  constrained  by  spatial  distribution 
of  mineral  grains,  and  is  obtained  from  two  scales.  First,  at  the  scale  of  grain  mosaic, 
image  analysis  provides  a  2D  representation  of  primary  mineral  species  distribution, 
which  defines  grain-boundaries  network.  Secondly,  at  the  scale  of  the  pores,  S.E.M. 
stereological  counting  provides  two  main  features  of  inter  and  intra-granular  cracks ; 
opening  probability  and  aperture  distribution.  These  data  allow  to  reconstruct,  via 
Monte-Carlo  simulations,  models  of  2D  cracks  distributions,  according  to  the 
opening  probability  of  each  crack  types.  2D  transport  parameters  are  then 
determined  from  these  simulations :  tortuosity,  connected  and  efficient  porosity,  and 
size  of  the  neck  zones.  Validity  of  this  model  mainly  depends  on  image  analysis 
operations :  intragranular  reconstruction  represents  the  more  hypothetical  one. 
Although  these  networks  represent  obviously  more  realistic  model  than  regular 
networks,  percolation  effect  should  be  compared  for  these  two  kinds  of  model. 


MICRO  AND  MACROFRACTLTRES  PLANES  ROUGHNESS.  EVIDENCES 
OF  HIGH  CHENALIZATIONS  OF  FLUIDS  AND  CONSEQUENCES  ON 
FLUID-ROCK  INTERACTIONS. 

J.  Sausse.  M.  Lespinasse,  M.  Canals. 

UMR  7566  G2R.  BP  239. 54506  Vandoeuvre  les  Nancy,  France. 
sausse(S  lpesh.u-nancy.fr 

Rough  fractures  are  characterized  by  a  channelling  of  fluids  flows  inducing  high 
heterogeneity  of  the  fracture  hydraulic  and  transport  properties.  This  anisotropy  is 
controlled  by  the  presence  of  contact  points  (in  situ  normal  loads)  and  by  the 
distribution  of  apertures  (residual  voids).  The  fracture  roughness  and  consequently 
its  tortuosity  imply  reduced  permeabilities  and  more  complex  fluid-rock  exchange 
surfaces,  compared  to  the  parallel  and  smooth  plates  models.  The  purpose  of  this 
work  is  therefore  to  characterize  these  physical  parameters  using  finite  differences 
modelizations.  A  hydromechanical  model  of  fluid  flow  in  rough  fractures  has  been 
performed  and  two  scales  of  fracturation  were  observed.  The  morphology  of 
fracture  planes  (macroscopic  scale)  was  quantified  by  a  mechanical  numerization  of 
profiles.  Microcracks  were  studied  on  thin  sections  with  image  analysis.  The 
quantification  of  roughness,  tortuosity,  the  statistical  distribution  of  apertures  and 
the  relations  between  surface  properties  and  mineralogy  or  fracture  orientations 
have  been  undertaken.  These  results  from  the  studies  of  natural  fractures  at  micro 
and  macroscopic  scales  are  finally  compared  and  integrated  in  the  model.  Then, 
hydromechanical  and  ehemical  behaviour  of  these  fractures  submitted  to  fluid 
percolation  can  be  described. 


MICROSTRUCTURE  AND  TRANSPORT  IN  RESERVOIR  ROCKS 

L.  M.  Schwartz,  Schlumberger-Doll  Research 
schwartz@ridgefield.sdr.slb,com/Fax:  (203)  438-3819 

The  defining  characteristic  of  porous  media  is  that  they  are  comprised 
of  two  percolating  interconnected  channels,  the  solid  and  pore  networks. 
Transport  processes  of  interest  typically  involve  the  flow  of  electrical  cur¬ 
rent,  viscous  fluids  or  fine  grained  particles  through  the  pore  network,  A 
closely  related  phenomena,  nuclear  magnetic  resonance  (NMR),  is  con¬ 
trolled  by  diffusion  in  the  pore  network.  We  will  show  that  the  physical 
properties  of  rocks  can  be  understood  by  combining  three  dimensional 
model  porous  media  and  direct  measurement  of  the  pore  structure  by 
synchrotron  X-ray  microtomography.  Of  particular  interest  are  geologi¬ 
cal  systems  that  are  uniform  when  viewed  above  a  cutoff  length  scale  but 
are  heterogeneous  when  viewed  below  that  length  scale.  This  is  often  the 
case  in  shaly  sands  and  carbonate  rocks  with  combined  inter-granular 
and  micro-porosity.  Here  we  are  especially  concerned  with  the  relation¬ 
ship  between  NMR  measurements  and  the  underlying  pore  structure. 
We  will  show  that  a  combination  of  numerical  and  analytic  models  can 
be  used  to  put  this  relationship  on  a  sound  basis.  Here  the  central  issue 
is  to  describe  properly  diffusion  between  the  micro  and  macropores. 


IMAGE  ANALYSIS,  AND  ESTIMATION  OF  POROSITY  AND 
PERMEABILfTY  OF  ARNAGER  GREENSAND,  UPPER  CRETACEOUS, 
DENMARK 

Mikael  Solymar  (Department  of  Geology,  Chalmers  University  of  Technology, 
Gothenburg,  Sweden),  solymar@geo.chalmers.se 

Amager  Greensand  consist  of  unconsolidated,  poorly  sorted  fine  grained,  glauconitic 
quartz  sand,  often  silty  or  clayey,  with  a  few  horizons  of  cemented  coarse  grained 
sand.  Samples  from  the  upper  part  of  the  Amager  Greensand  were  used  for  this 
study.  Backscattered  SEM  images  from  polished  thin-sections  were  acquired  for  the 
image  analysis  with  the  software  PIPPIN.  Estimations  of  porosity,  clay  and  grain 
content  were  measured  from  the  image,  due  to  the  difference  in  grey  levels  caused  by 
density  differences.  No  attempt  was  made  to  separate  between  the  different  mineral 
grains,  due  to  their  similar  density.  The  images  were  simplified  into  two  phases: 
pores  and  particles.  A  filter  was  applied  to  the  image  to  calculate  the  specific  surface 
of  the  grains.  The  Kozeny-Carman  Equation  was  used  to  calculate  the  permeability. 
The  most  significant  errors  incurred  in  the  permeability  calculation  are  believed  to  be 
caused  by  uncertainties  in  the  specific  surface,  due  to  the  high  clay  content. 


MULTISCALE  CHARACTERIZATION  OF  THE  GEOMETRI¬ 
CAL  AND  TRANSPORT  PROPERTIES  OF  A  FONTAINEBLEAU 
SANDSTONE  FROM  MICROTOMOGRAPHIC  IMAGING 

J.-F.  Thovert  (1),  P,  Spanne  (2),  C.G.  Jacquin  (3)  and  P.M.  Adler  (4) 

(1)  LCD-PTM,  CNRS,  SP2MI,  BP  179,  86960  Futuroscope  Cedex,  France, 

(2)  Imaging  Group,  ESRF,  BP  220,  38043  Grenoble  Cedex,  France,  (3)  IFP, 
BP  311,  92.506  Rueil-Malmaison,  France,  (4)  IPGP,  Tour  24,  4  Place  Jussieu, 
75252  Paris  Cedex  05,  France. 

A  piece  of  low-porosity  (7%)  Fontainebleau  sandstone  was  scanned  at  ESRF 
and  a  high-resolution  (6.3  pm)  three-dimensional  binary  image  was  recon¬ 
structed  by  synchrotron  computed  microtomography  (CMT).  A  (512)^  voxels 
domain  was  cut  from  the  center  of  the  rock  piece  and  its  geometrical  and  trans¬ 
port  properties  were  thoroughly  numerically  investigated.  Emphasis  was  put  on 
the  characterization  of  the  spatial  heterogeneities  and  on  the  scale  dependency 
of  local  averages.  Thanks  to  the  size  and  resolution  of  the  data  set,  significant 
statistics  could  be  obtained  for  averaging  volumes  varying  from  16’  voxels  (com¬ 
parable  to  the  typical  grain  size)  to  256’  voxels.  Geometrical  characterization 
included  porosity,  correlations  and  variogram  measurements  and  a  multifractal 
analysis.  Then,  the  percolation  was  tested  and  the  conductivity  (inverse  of  the 
formation  factor)  was  computed  along  three  orthogonal  axes  for  all  the  cubic 
subdomains.  The  spatial  and  statistical  organizations  of  these  quantities  was 
characterized.  Among  other  results,  the  local  porosities  and  conductivities  are 
shown  to  obey  a  lognormal  distribution,  and  their  standard  deviations  to  decay 
according  to  a  power  law  of  the  sampling  domain  size. 
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FRACTURE  SOURCE  MAPPING  IN  DEFORMED  GRANITE  BY 
ADVANCED  ACOUSTIC  EMISSION  AND  X-RAY  TOMOGRAPHY 

A  Zang  (1),  F.C.  Wagner  (1),  S.  Stanchits  (2)  and  G.  Dresen  (1) 

(1)  GeoForschungsZentrum,  Dept.  3.2,  Telegrafenberg,  D-14473  Potsdam,  (2) 
Physical-Technical  Institute,  26  Polytckhnicheskaya,  195030  St.  Petersburg,  Russia 
zang@gfi!-potsdam.de 

Asymmetric  uniaxial  compression  tests  were  performed  on  granite  cores  (diameter 
50  mm,  length  100  mm)  from  the  Erzgebirge,  Germany.  The  loading  scenario, 
where  part  (20%)  of  the  core  top  surface  remains  unloaded,  induces  a  shear  rupture, 
which  propagates  from  top  to  bottom  of  the  sample.  The  propagation  and  growth  of 
the  fracture  process  zone  is  mapped  in  three  dimensions  by  locations  of  microcrack 
induced  acoustic  emissions.  The  brittle  &ilure  of  granite  is  stabilized  by  controlling 
axial  stress  to  maintain  a  constant  rate  of  acoustic  signals.  First  pulse  polarity 
analysis  of  acoustic  emission  wavelets  shows  that  in  asymmetric  compression  of 
granite  shear  type  events  dominate  (70%).  The  positions  of  shear  niicrofracmres 
with  strong  amplitudes  align  with  the  future  macroshear  plane.  Fault  plane 
solutions  of  single  shear  events  show  a  large  variation  in  the  orientation  of  nodal 
planes  with  respect  to  the  orientation  of  macroshear  plane  determined  from  X-ray 
tomography.  Composite  &ult  plane  solutions  coincide  with  the  overall  orientation 
of  the  macroshear  plane.  X-ray  tomograms  from  asymmetrically  tested  cores 
indicate  en-echelon  crack  orientation  related  to  the  fracture  nucleation. 


FLUID  PATHWAYS  IN  CRYSTALLINE  ROCK 
G.  Zimmermann  and  H.  Burkhaidt 

Institut  fur  Angewandte  Geowissenschaften  II,  Fachgebiet  Angewandte  Geo- 
physik,  Technische  Universitat  Berlin,  D-13355  Berlin,  Germany. 
zinflnl638fflgeoph035.bg.tu-berlin.de/Fax:  [49]  30  314  72597 
FVacture  systems  and  fluid  pathways  are  essential  objectives  to  understand  the 
dynamical  processes  of  the  upper  crust.  The  connectivity  of  fractures  and  their 
contribution  to  the  fluid  transport  are  generally  not  scale  invariant,  i.e.  there 
is  no  representative  elementary  volume  in  crystalline  rock.  Key  parameters  to 
characterize  fractures  and  to  determine  hydraulic  permeability  and  porosity  are 
the  geometrical  fracture  parameters  and  their  statistical  distribution  functions 
on  different  scales.  Physical  relations  between  measured  and  derived  parameters 
as  well  as  data  from  structural  borehole  measurements  were  used  for  network 
modelling  to  estimate  the  hydraulic  flow.  This  yielded  a  quantification  of  the 
scale  dependent  relation  between  porosity  and  permeability.  The  essential  part 
of  porosity  is  located  in  microfractures,  wheras  the  contribution  to  the  hydraulic 
transport  is  of  subordinate  nature;  on  the  other  side,  only  a  small  amount  of 
fracture  porosity  is  needed  for  the  macroscopic  fluid  transport  through  fracture 
networks. 
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COUPLED  EVOLUTIONS  OF  MICRO-GEOMETRY  AND  TRANSPORT 
PROPERTIES:  A  NUMERICAL  STUDY  FOR  SIMPLE  POROUS  MEDIA 


03  The  effect  of  rock  micro-structure  and 
fluids  on  rock  physical  properties 

Convener:  Glover,  P.W. 

Co-Convener;  Main,  I. 


D.  BERNARD  (1),  G.  VIGNOLES  (2),  Y.  ANGUY  (1) 

(1)  LEFT,  CNRS-ENSAM-Univ.  Bordeaux  1,  TALENCE,  (2)  LCTS,  CNRS- 
SEP-Univ.  Bordeaux  1,  TALENCE 
bemard@lept-ensam.u-bordeaux.fr  /  Fax:  05  56  84  54  01 


The  evolution  during  mineral  diagenesis  of  porous  rocks  physical  properties 
is  a  very  complex  problem.  When  properties  like  effective  diffusivity, 
formation  factor  or  permeability  are  considered  interest  can  be  focussed  on 
the  coupled  evolutions  of  micro-geometry  and  transport  properties. 

This  approach  is  theoretically  justified  using  the  volume  averaging  method: 
This  now  classical  method  yields  to  differential  problems  at  the  microscopic 
scale.  Their  resolution  permits  the  computation  of  the  macroscopic  transport 
properties.  For  the  properties  listed  above,  the  results  are  completely 
controlled  by  the  microscopic  geometry. 

For  well-sorted  granular  porous  media,  random  closed  packs  of  spheres 
having  realistic  porosity  are  good  first  approximations  of  initial  micro- 
geometry.  Alter  a  short  presentation  of  the  program  developed  to  satisfy  this 
requirement,  the  principles  of  the  different  methods  used  to  modify  the 
micro-geometry  are  exposed. 

The  differences  observed  between  the  purely  geometrical  evolution  and  the 
geochemically  governed  evolutions  suggested  that  both  the  history  and  the 
depositional  conditions  influence  the  properties  of  natural  porous  media. 
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PORE  STRUCTURE  AND  TRANSPORT  IN  A  PURE  SANDSTONE 
■  DETERMINATION  OF  RELEVANT  PROPERTIES 


Greiiorfiikrhle^  &  Paul  Glovci^ 

iDepanmeniorGeolog>’,  UniverKii)  of  TUbinijcn:  EMAIL:  iiOlgibtS'abdn. uc.uk 
2Deparimcnt  of  Geology  &  Petroleum  Cicology,  b'niversii)  of  Aberdeen 

The  pore  siruciuvcs  of  22  sumplcs  of  the  Lochalinc  Ssi  Formniion  were  itivcsiigalcd 
employing  microscopy  combined  with  SEM-image  analysis,  mcrcuiy  inmision 
poro^imeiry.  helium  pjrosimclvy  and  clccirical  c<>nducu\'iiy  mcasuremcnis. 
Transport  properties  were  studied  mcasuiing  gas-pcrmcabilitics  (Klinkenbcrg 
con'ccicd)  at  4(K)p.si  confining  pressure  and  elccirioal  conduciiviiics  ul  1  kH^.  the 
apparently  aunplcic  “piirc  fraction  distribution*’  relevant  ft)?'  transport  was  determined 
using  a  combination  of  data  fixmi  Sl^M-imagc  analysis  and  mercury  intrusion  which 
enables  to  measure  pores  from  0.01  micrometer  up  to  .several  ruillimcircs  in 
diameter. 

On  this  ba.sjs  '‘effective'’  pc>rc  .structure  parameters  like  hydraulic  pore  nidius 
(Kon/eny-Carman  Eq.)  and  pore  radiu.s  at  the  capillary  threshold  pic-ssurc  (Pittman 
•Eq.)  were  derived  and  used  ibr  direct  ciilculaiions  of  pci'meabiliiies, 

The  well  known  relationship  F=0'"'  ni.s  well  most  of  the  data.  The  pcrm-ptvosii-y 
cross  plot  reveals  u  reasonable  pc»w'Cr4aw  relation  which  (xiuld  oven  be  improN  cd  b)' 
plotting  only  the  cuclidical  |X)rostty  which  i.s  relcvani  for  lran.spoii  pioccssc.x. 

As  a  result,  pore  sirticlurc  and  iCs  inlUicnco  on  inuispat  propertic.s  can  only  l>c 
sati.sfaciorily  described  for  each  individual  sample  by  integration  of  parameter.*: 
derived  from  several  different  .samples. 


ELECTRICAL  AND  HYDRAULIC  PROPERTIES  OF  PYRO¬ 
CLASTIC  ROCKS  AND  THEIR  RELATIONS  TO  MICROSTRUC¬ 
TURE. 

Marie  Lyse  Bernard  (1),  Maria  Zamora  (1)  and  Yves  Geraud  (2) 

(1)  Institut  de  Physique  du  Globe,  Universite  Denis  Diderot,  CNRS  URA  737, 
Paris,  France,  (2)  Institut  de  Geologic,  Strasbourg,  France. 

Important  electrical  resistivity  variations  have  been  observed  before  volcanic 
eruptions.  In  order  to  interprete  these  variations  data  on  electrical  proper¬ 
ties  of  volcanic  rocks  under  laboratory  controlled  conditions  are  necessary.  In 
this  work,  we  have  measured  porosity,  permeability  and  electrical  conductiv¬ 
ity  in  48  samples  coming  from  different  evolutionary  stages  of  Mount  Pelee 
volcano  (Martinique,  Lesser  .Antilles).  The  samples  are  representative  of  dif¬ 
ferent  lithologies  of  this  volcano  (dense  or  porous  blocks,  pumice,  scorias  and 
lavas).  The  pore  space  geometry  has  been  characterized  by  mercury  injection, 
observation  of  thin  sections  and  B.E.T.  Porosity  of  samples  ranges  from  0.03 
to  0.60  and  permeability  cover  more  than  si.x  orders  of  magnitude  (7  10“^'  to 
3.4  10“^^  m-).  Formation  factor  varies  from  9  to  625  and  surface  conductivity 
from  0.15  to  24  mSm"^  and  being  well  correlated  with  the  C.E.C.  Unusual 
values  of  cementation  exponent  (m=5)  is  obtained  in  pumices,  indicating  a  to¬ 
tal  decoupling  between  total  porosity  and  the  part  of  the  porosity  used  by  the 
electrical  current.  Grouping  the  data  for  all  the  samples^  it  appears  that  the 
formation  factor  is  well  correlated  with  the  permeability,  even  though  perme¬ 
ability  displays  a  weak  correlation  with  porosity. 
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TRANSPORT  PROPERTIES  OF  SEDIMENTARY  AND  VOL¬ 
CANIC  ROCKS 

Jean-Baptiste  Clavaud  and  Maria  Zamora 
Institut  de  Physique  du  Globe,  Paris,  France. 

To  compare  the  transport  properties  of  volcanic  and  those  of  sedimentary  rocks, 
we  focus  to  some  aspects,  such  as  the  influence  of  the  length  scale  hetero¬ 
geneities  and  properties  when  two  fluids  saturate  the  rock.  We  have  measured 
the  permeability  in  monophasic  and  diphasic  conditions  and  analyzed  the  dis¬ 
placement  of  two  miscible  fluids,  in  order  to  provide  information  on  the  pref¬ 
erential  pathways  for  fluid  flow.  All  those  experiments  are  made  on  large  sized 
samples  (3  litres  of  rock).  The  rock  microstructure  has  been  studied  using  mer¬ 
cury  injection  and  microscopical  observations  of  thin-section. 

Results  have  shown  that  : 

-  There  are  few  differences  between  sedimentary  and  volcanic  rocks.  Volcanic 
rock  have  high  relative  water  permeability  and  high  tortuosity,  this  reflecting 
the  effect  of  multimodal  pore  throat  size  distribution. 

-  Small  percolation  threshold  denotes  preferential  pathways  for  fluid  flow.  It  is 
associated  with  high  tortuosity  and  with  crack  porosity  type. 

The  results  obtained  have  been  used  to  test  different  models.  The  network 
model  seems  to  be  the  most  appropriate  in  accounting  for  the  hydraulic  be¬ 
haviour  of  sedimentary  and  volcanic  rocks  in  terms  of  microstructural  param¬ 
eters. 


CRITICAL  SIZE  OF  CRYSTALLITES  IN  ELECTRICAL  CONDUCTIVITY  OF 
GRAPHITIC  ROCKS 

M.  Corazza  (1),  G.  Losito  (2),  G.  Pratesi  (3),  A.Trova  (2) 

(1) Department  of  Earth  Sciences,  Via  La  Pira,  4,  1-50100  Firenze, 

(2) Departmelnt  of  Civil  Engineering,  Via  di  S.  Marta,  3,  I-50139,  Firenze,  (3) 
Mineralogical  and  Lithological  Museum, Via  La  Pira,4, 1-50100  Firenze,  Italy. 
LOSITO@DICEA.UNIFI.IT 

The  electrical  conductivity  of  graphitic  rocks  (black  shales)  is  an  actual  and 
discussed  problem,  given  the  spreading  of  the  conductivity  values  obtained 
both  in  situ  and  in  laboratory.  We  studied  the  electrical  behaviour  of  black 
shale  samples  coming  from  boreholes  at  simulated  physical  conditions 
(Hydrostatic  pressure  up  to  39  MPa;  Internal  fluid  pressure  up  to  36  MPa; 
temperature  up  to  230  ”C)  and  analysed  the  petrographic'  structure,  the 
mineralogical  and  chemical  composition  of  the  samples  by  using  optical  and 
electronic  microscopes  (TEM,  SEM)  and  chemical  analysis.  The  main 
research  result  is  the  role  of  no-graphitic  crystallites  in  activating  the 
electronic  conduction  mechanism  of  the  graphite  in  the  whole  rock  sample.  In 
fact  the  requested  'continuity'  of  the  graphitic  net  can  be  created  also  in 
presence  of  few  percent  of  graphite,  if  the  rock  crystallites  have  dimensions 
under  a  critical  size  and  the  phyllosilicates  can  joint  to  the  graphite  creating  a 
global  layered  structure,  thanks  to  the  common  2D  crystalline  structure  of 
these  minerals.  A  physical  interpretative  model  of  the  black  shale  electrical 
behaviour  is  described. 


EQUILIBRIUM  FLUCTUATIONS  AND  GEOMETRY-CHANGE 
TRANSITIONS  OF  SOLID  INTERFACES. 

N.  V.  Dolgushev  and  S.  A.  Suvorov 

St. Petersburg  Institute  of  Technology  (University  of  Technology),  Moskovskii 
Pr.  26,  St. Petersburg,  198013  RUSSIA. 
iiikita0IfD1893.spb.edu/Fax:  -h7  (812)  112-7791 

Investigation  of  temperature  dependence  of  solid  interface  atomic-scale  geome¬ 
try  was  performed  using  Monte  Carlo  simulation  for  2D  lattice  model.  Equilib¬ 
rium  fluctuations  of  interface  were  studied  by  means  of  correlation  function  and 
morphological  analysis  methods.  Depending  on  the  conditions  solid  interface 
takes  crystalline,  quasicrystalline  or  amorphous  structure. 

Sharp  increases  of  interface  fluctuation  amplitude  at  certain  temperatures  was 
found  to  be  related  to  geometry-change  phase  transitions.  Geometry-change 
phase  transitions  leads  to  change  in  equilibrium  geometry,  physical  and  chem¬ 
ical  properties  of  phases  in  nanosized  state. 


THE  INFLUENCE  OF  MICROHETEROGENEOUS  INCLUSIONS 
ON  PHYSYCAL  PROPERTIES  OF  ROCKS  (A  STUDY  BY  US¬ 
ING  SYNTHETIC  PHYSICAL  MODELS) 

G!k  L.D. 

Institute  of  Geophysics  of  Russian  Academy  of  Sciences,  3,  Academician  Kop- 
tyug  pr.,  Novosibirsk,  630090,  Russia,  tichfluiggm.nsc.ru. 

High  precision  of  the  experiments  has  been  provided  by  methods  of  standard¬ 
izing,  by  applying  of  spectral  and  polarization  analysis.  The  heart  of  the  exper¬ 
iment  was  a  special  technological  background  including:  a  design  of  materials 
with  low  melting-point  micro-inclusions  which  let  change  reversibly  the  phase 
constitution  of  pore-filler;  a  design  of  synthetic  materials  with  free  porosity,  per¬ 
mitting  to  change  reversibly  the  substantial  contents  of  a  pore-filler;  a  develop¬ 
ment  of  technologies  for  producing  controlled  crack  systems  with  a  changeable 
pore-filler.  Some  new  effects  have  been  revealed.  It  has  been  di.scovered  that 
the  total  surface  and  the  total  volume  of  microheterogeneities  influence  on  the 
velocity  arid  attenuative  properties  of  the  material,  whereas  sizes  of  the  con¬ 
stituent  inclusions  have  no  serious  significance.  An  essential  anisotropy  of  tiie 
media  containing  the  directed  crack-like  heterogeneities  witli  prevailing  opening 
directions  has  been  revealed.  The  influence  of  cracks  filled  with  gas  and  liquid 
therewith  occurs  to  be  essentially  different  for  shear  and  compressional  waves. 
There  is  a  reason  to  suppose  that,  in  symmetry  properties,  these  media  are 
transversely  Isotropic,  with  five  parameters  to  describe  anelastic  exhibitions  of 
a  medium  via  a  wave-front  position  in  wave  propagation  as  well  as  five  elasticity 
moduli  are  needed  to  describe  velocity  properties. 


SYNTHETIC  ROUGH  FRACTLllES  IN  ROCKS  FOR  FLOW 
MODELLING 

.  P.W.J.  Glover  (1,3),  K.  Matsuki  (2),  R.  Hikima  (2),  and  K.  Hayashl  (3) 

(1)  Geology  and  Petroleum  Geology,  University  of  Aberdeen,  Scotland; 
p.glovcr®  abdn.ac.uk,  (2)  Geoscience  and  Technology,  Tohoku  University,  Japan, 

(3)  Institute  of  Fluid  Science,  Tohoku  University,  Japan 

Natural  fractures  serve  a  very  important  function  in  the  transport  of  fluid,  electrical 
charge  and  heat  through  rocks.  Numerically  synthesised  fractures  can  aid  the  study 
Of  the  phy.sical  processes  connected  with  fractures.  We  present  methods  for 
producing  synthetic  rough  surfaces  whose  geometric  properties  are  tuned  to  mimic 
natural  fracture  surfaces  in  rocks  in  order  to  be  able  to  create  synthetic  fractures 
that  ate  statistically  identical  to  those  found  in  rocks.  The  method  allows  the 
.surfaces  of  a  fracture  to  be  matched  at  long  wavelengths,  and  be  unmatched  at  short 
wavelengths.  In  between  the  degree  of  matching  varying  smoothly,  as  it  does  (or 
real  fractures.  We  have  compared  numerically  synthetic  fi-actures  created  using  the 
new  method  with  fractures  created  using  an  existing  technique  that  uses  a 
mismatch  wavelength  as  a  sudden  discontinuity  between  matched  and  unmatched 
behaviour,  as  well  as  data  from  fractures  In  real  rocks.  This  comparison  has  shown 
that  the  new  technique  provides  much  more  realistic  numcricaiiy  synthesised 
fractures  than  previous  methods. 


FLUID  FLOW  IN  SYNTHETIC  ROUGH  FRACTURES  AND 
APPLICATION  TO  A  FIELD  SCALE  FRACTURE 

P.W.J.  Glover  (1.3),  K.  Matsuki  (2),  R.  Hikima  (2),  and  K,  Hayashi  (3) 

(I)  Geology  and  Petroleum  Geology,  University  of  Aberdeen,  Scotland; 
p.glover@abdn,ao,uk,  (2)  Geoscience  and  Technology,  Tohoku  Univetsity,  Japan, 
(3)  Institute  of  Fluid  Science.  Tohoku  University,  Japan, 

Fracture  profiles  fi'om  a  geothermal  HDR  lest  site  in  N.  Japan  have  been  analysed 
to  charaaerise  their  geometrical  properties.  The.se  properties  have  been  used  to 
create  a  population  of  .synthetic  fractures  tuned  to  imitate  all  the  geometric 
/statistical  properties  of  the  natural  fracture.  Such  fractures  have  been  used  in  three 
types  of  modelling;  (i)  elastic  normal  closure  relating  fracture  aperture  to  normal 
load,  (ii)  Hagen-Poiseuille  calculations  of  fluid  transmissivity  as  a  function  of 
normal  load,  fluid  pressure,  and  temperature,  and  (iii)  Reynolds  equation  flow 
modelling.  The  modelled  closure  of  synthetic  fractures  provided  realistic 
relationships  between  noniaal  load,  fracture  fluid  pressure  and  aperture.  When  these 
relationships  were  used  to  calculate  fluid  transmissivity  in  the  fracture  with  a 
Hagen-Poiscuille  approach,  the  results  showed  the  same  functional  dependency 
with  fluid  pressure  as  transmissivity  from  field  tests,  but  were  overestimated  by  a 
factor  of  abirut  2.  Reynolds  equation  flow  modelling  was  carried  out  to  ascertain  the 
extent  to  which  the  Hagen-Poiseuille  law  was  overestimating  the  transmissivity  due 
to  the  rough  fracture  surfaces.  ‘When  the  calculations  were  corrected  for  this  effect, 
the  calculated  fluid  transmissivity  was  a  much  better  match  to  the  field  data. 
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MECHANICAL  BEHAVIOUR  OF  MIOCENE  SOFT  ROCKS  AND  THEIR 
MICRO-STUCTURE 

I.  Lopes  (li.  I.  Almeida  (I),  F.  Marques  (1)  and  P.  Teves-Costa  (2) 

(1)  Centre  of  Geology,  Lisbon  University.  (2)  Centre  of  Geophysics.  Lisbon 
University. 

e-mail:  Isabel.Lopes@fc.ul.pt  Fax;  351.1.7500064 

The  subsoil  of  Lisbon  is  mainly  composed  of  Miocene  terranes  that  include,  from 
the  geotechnical  point  of  view,  over-consolidated  clayey  and  sandy  soils  (hard  soils) 
and  soft  carbonate  rocks.  In  order  to  allow  the  evaluation  of  the  seismic  behaviour 
of  these  terranes,  a  geotechnical  characterisation  of  materials  was  made,  that 
included  the  study  of  strength,  physical  properties  and  micro-structure.  Miocene 
rocks  form  lenticular  beds  and  include  sandstones  and  clastic  limestones,  with 
unexpected  very  low  Point  Load  strength.  This  behaviour  is  related  with  the  micro- 
structure  of  the  rock,  mainly  crack  and  pore  structure,  nature  and  extent  of 
cementing  bonds,  and  composition  and  shape  of  the  clastic  component.  In  order  to 
understand  this  behaviour,  the  rock  micro-structure  was  studied  in  detail,  along  with 
the  measurement  of  ultrasonic  properties  and  of  the  tensile  strength  of  the  materials. 
The  tensile  strength  measurements  were  made  using  tension  tests  similar  to  the 
Hoop  Test.  The  specimens  were  cut  with  the  shape  of  parallelepiped,  with  a 
cilindrical  hole  in  the  center  of  the  larger  face,  where  the  tension  load  is  applied 
paralell  to  the  largest  dimension.  The  rock  slices  for  micro-structure  study  were  cut 
in  various  directions  of  each  specimen. 


MICROPLASTICITY  AND  PHYSICAL  NONLINEARITY  OF  GE¬ 
OMATERIALS 
Mashinsky  E.I. 

Institute  of  Geophysics  Russian  Academy  of  Sciences,  R.AS,  3.  Academician 
Koptyug  pr.,  Novosibirsk,  630090,  Russia,  tich'iuiggm.nsc.ru. 

In  experiments  on  the  samples  of  sedimentary  rocks  {sandstones,  marls, 
dolomites,  with  depths  2  -  3km).  microplastic  property  are  found  out.  Mi¬ 
croplasticity  of  geomaterials  is  displayed  in  step-wise  growth  of  irreversible 
residual  deformations  while  loading  (at  the  level  of  common  deformation 
I  —  lO""  -  10"®).  Microplasticity  grows  non-linearly  as  the  porosity  increases. 
Due  to  microplastic  inelasticity,  the  deformation-process  diagrams  it(£)  are  of 
the  form  of  non-closed  hysteresis  loops.  In  the  mechanical  rocks  model  mi¬ 
croplastic  modules  .\/„  is  introduced.  Curves  of  elasticity  modules  E{;)  have 
the  identical  loops.  Static  and  dynamic  elasticity  modules  differences  is  caused 
by  visco-elasticity  and  microplasticity.  The  absorption  in  the  microplastic  me¬ 
dia  depends  on  wave  amplitudes.  .Acoustic  emi.ssion  in  the  microplastic  media  is 
observed.  Inelastic-property  differrences  in  three  mutually-perpendicular  direc¬ 
tions.  named  as  microplastic  anisotropy,  are  found  out.  Mictoplastic  anisotropy 
involves  not  only  anisotropy  of  seismic  velocities  but  also  the  dependence  of  ab¬ 
sorption  properties  on  wave-propagation  direction. 


EFFECTS  OF  SURFACE  CONDUCTIVITY  ON  FORMATION  FACTOR:  A 
NUMERICAL  STUDY  FOR  SIMPLE  POROUS  MEDIA 

C.  MERCET.  D.  BERNARD,  Y.  ANGUY 

LEPT,  CNRS-ENSAM-Univ.  Bordeaux  1,  TALENCE,  FRANCE 

mercehglept-ensam.u-bordeaux.fr  /  FAX:  05  56  84  54  01 


ON  INFLUENCE  OF  MICROSTRUCTURE  OF  ROCKS  ON 
SPATIAL  POSITION  OF  ELASTIC  SYMMETRY 
ELEMENTS. 

Ilchenko  V.L..  Efimov  A. A. 

Geological  Institute  of  the  Kola  Science  Centre  RAS,  Russia, 
14,Fersman  street,  Apatity,  184200,  Murmansk  reg.. 

E-mail:  rootfggorichs. murmansk.su 

Comparison  of  microstructural  investigations  in  thin  sections 
and  results  of  acoustopolariscopic  studies  of  basic  and  acidic 
rocks  have  been  carried  out.  Acoustopolariscopic  method  reveals 
orientations  of  elastic  symmetry  elements  corresponding  to  the 
directions  of  polarized  s-waves  with  maximal  speeds  and  minimal 
losses  of  their  amplitudes.  Comparison  of  the  results  of 
investigations  in  thin  section  of  plagiolertholite,  melano-gabbro- 
norite,  pyroxene-plagioclase  olivinite,  olivine  gabbro-norite  and 
olivinite  shows  that  elastic  symmetry  elements  coincide  with 
zones  of  alteration,  affecting  grains  of  olivine.  These  alterations 
result  in  systems  of  microfractures  filled  in  by  magnetite.  Elastic 
symmetry  elements  in  samples  of  biotite  plagiogranite  coincide 
with  elongation  of  biotite  grains. 


P-  and  S-wave  velocities  and  attenuation  in  relevant  crustal  rocks  at 
PT  conditions  and  the  roie  of  intercrystaliine  fluids 

H.  Kem  and  T.  Popp  (Mineralogisch-Petrographisches  Institut,  Olshausenstr.40,  24098 
Kiel,  Germany) 

Most  physical  rock  properties  at  conditions  of  great  depth  are  affected 
by  a  number  of  lithological  and  physical  parameters  (PT-conditions).  The 
lithological  parameters  include  the  properties  of  the  rock  matrix  and  of 
the  pore  space  (cracks,  intercrystaliine  fluids). 

We  will  present  experimental  velocity  and  attenuation  (resp.  Q)  data  for 
relevant  dry  and  wet  crustal  rocks  and  discuss  their  pressure  and  tempe¬ 
rature  dependence.  Measurements  were  done  in  a  cubic  anvil  pressure 
apparatus  and  in  a  oil  chamber  using  the  pulse  transmission  technique. 

It  will  be  shown  that  there  is  a  close  pressure  and  temperature  sensitivity 
of  P-  and  S-wave  velocities  and  the  respective  Q-values  in  dry  rocks  due 
to  the  closure  and  opening  of  grain  boundary  cracks,  respectively.  Intro¬ 
duction  of  an  intercrystaliine  fluid  by  saturation  of  the  rock  or  by  ther¬ 
mally-induced  release  of  chemically-bound  water  affects  velocities  and  Q- 
values  quite  differently.  The  experiments  reveal  that  combined  measure¬ 
ments  of  Vp  and  Vs,  using  the  Vp/Vs  ratio,  may  give  evidence  for  fluids 
on  grain  boundaries. 

The  experimental  findings,  as  reflected  by  the  variations  in  the  petrophy¬ 
sical  parameters,  are  considered  to  be  of  importance  for  the  interpretation 
of  natural  dehydration  and  hydration  processes  in  the  crust  caused  by 
prograde  and  retrograde  metamorphism,  respectively. 


COMPLETE  PORE  SIZE  DISTRIBUTIONS  OF  ROCKS  CONTROLLING 
COMPLEX  ELECTRICAL  AND  TRANSPORT  PROPERTIES 

Johannes  KulenkainpfT 

Institute  of  geophysics  and  geology .  Leipzig  Uni\  ersity.  Germany 
e-mail;  knlenkam@.ser\erl  .r/.uni-Ieipzig.de 

Pore  size  distributions  of  various  coufmed  rocks  were  measured  with  N,-adsorption. 
mercury  injection,  and  unage  analysis  nrethods.  A  general  power  law  pattern  of  the 
di.stribution  w  as  found  which  accords  to  the  fractal  pigeon  hole  nitxlel  of  Pape.  Riepe 
and  Schopper  (Log  Analyst.  1982).  The  power  law  palteni  meatts  a  constant  ratio  of 
adjacent  radiits  classes  when  their  spacing  is  logarithmieal. 

Only  few  parameters  are  needed  for  the  mathematical  description  of  the  distributions, 
yielding  simple  functional  relationships  between  sorption,  ddlusion.  and  adx'ection 
parameters.  Deviations  from  these  reltrtionships  are  easily  recognizable  as  deviations 
from  the  model  pore  size  distribution. 

The.se  fractal  boitndary  conditions  also  cause  a  Cole-Cole  frequency  behaviour  of 
complex  conductix  ity  in  the  hertz,  to  megahertz,  range.  This  is  due  to  a  intenial  surface 
polarization  mechaui.sm.  which  may  be  interpreted  as  a  power  law  distribution  of 
relaxation  tinre  constants.  A  possible  application  of  these  results  is  the  calculation  of 
internal  surface  area  from  the  freqttency  dependence,  a  estimation  of  w  ater  saturation, 
salinity,  or  even  pemicahility.  with  the  aid  of  the  complex  conductivity  or  dielectrical 
pennittixity. 


Because  they  are  easy  to  measure  in  situ  as  well  as  in  the  laboratory, 
electrical  properties  are  broadly  used  to  characterise  natural  porous  media. 
When  some  minerals,  like  chlorite,  are  present,  electrical  phenomena  occur 
near  the  fluid/solid  interface  inducing  a  surface  conductivity  that  might 
influence  the  bulk  properties  and  greatly  distort  their  interpretation. 

Using  the  now  classicai  volume  averaging  method  it  is  rather  easy  to 
formulate  a  differential  problem  at  the  microscopic  scale  which  solution 
permits  the  computation  of  the  macroscopic  physical  properties.  After  a  short 
presentation  of  the  theory  in  the  case  of  electrical  conduction  with  surface 
<x>nductivity,  the  principles  and  the  main  characteristics  of  the  numerical 
method  are  presented. 

Results  are  proposed  for  simple  porous  media  (random  close  packs  of 
spheres)  having  realistic  porosity  (about  35%)  and  for  sandstone  like  porous 
media  reconstructed  using  real  geometrical  data. 

Special  attention  will  be  paid  to  the  important  role  played  by  the  spatial 
distribution  of  the  different  minerals  composing  the  solid  phase. 
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SEISMIC  DYNAMIC  INVERSION  USING  COMPRESSIONAL  AND 
CONVERTED  WAVES 

G. Mitrofanov.  T.Nefedkina,  T.  Kurdjukova 

Institute  of  Geophysics  SB  RAS, Novosibirsk, Russia,  E-mail:  george^guiggra. nsc.ru 

Different  n  ays  for  estimation  of  three  independent  elastic  parameters  (compression 
wave  velocity  Vp,  shear  wave  velocity  Vs  and  density  ro)  has  been  studied.  They 
are  based  on  a  polynomial  approximation  for  dependence  between  frequency 
characteristics  of  a  layer  or  a  thin-layered  zone  reflection  and  an  incident  angle. 
Linearized  problem  has  been  considered  on  the  assumption  that  the  elastic  property 
changes  at  the  boundaries  are  small.  Stability  and  accuracy  of  the  parameters 
estimating  for  ID  model  have  been  anal.vzed.  As  the  result,  it  has  been  shown  that 
the  most  accurate  solution  can  be  obtained  in  the  case  of  square  approximation  of 
reflection  characteristics  for  the  middle  offset  part.  In  the  case  of  a  random  noise 
there  are  biased  estimators  for  the  first  polynomial  coefficients  and  high  dispersions 
for  the  second  coefficients.  This  resulted  in  the  solution  instability  for  small  offsets, 
hence  an  iteration  R-algorithm  has  been  suggested.  This  algorithm  permits  to 
obtain  stable  non-biased  estimators  for  the  elastic  parameters  with  a  high  noise 
level.  Conditions  providing  maximum  convergence  speed  have  been  determined 
The  w  ay  s  suggested  broadens  the  capabilities  of  seismic  methods  to  determine  rock 
petrophysical  characteristics:  Poisson’s  ratio.  Young's  Modulus  and  to  compute  the 
medium  stress  tensor. 


THE  INFLUENCE  OF  FLUORITE  AND  BARITE  CEMENTATION 
ON  POROSITY  AND  PERMEABILITY  IN  RESERVOIR  AND 
RESERVOIR  ANALOGUE  SANDSTONES. 

S.  Ogilvie. 

Department  of  Geology  and  Petroleum  Geology,  University  of  Aberdeen. 
gmi278@abdn,ac.uk 

Outcrop  (sandstone)  plugs  from  the  Rotliegende  Hopeman  Sandstone  (from 
the  Inner  Moray  Firth  Basin,  Scotland)  and  cores  from  the  Vanguard  Field, 
Southern  North  Sea  (Rotliegende)  have  been  analysed  for  the  relationship 
between  fluorite  and  barite  cementation  and  petrophysical  properties.  The 
cements  are  compositionally  zoned  and  their  distribution  is  controlled  by 
fractures.  There  appears  to  be  a  link  between  zonation  of  mineral  cements 
in  veins  and  the  structural  evolution  of  both  the  reservoir  and  outcrop 
examples.  This  study  of  fracture  cements  has  important  implications  for  the 
evolution  of  porosity  and  permeability  in  these  rocks.  Permeability  and 
helium  porosity  have  been  measured  on  core  plugs,  and  mercury  injection 
porosity  on  plug  offeuts.  Permeability  variation  between  fracture  cements 
have  been  measured  using  a  minipermeameter  on  outcrop  and  core 
samples.  Mineral  cements  are  preferentially  precipitated  in  layers  with 
high  depositional  porosity  and  permeability  but  are  less  effective  in 
modifying  rocks  with  originally  moderate  porosity/permeability.  Hence  the 
introduction  of  these  cements  via  fractures  can  severely  modify  flow 
characteristics  through  the  formation. 


THE  EFFECT  OF  WATER-SATURATION  ON  THER.MAL  CONDUCTIVITY 

D.  Pribnowl,  Colin  Williams2,  Johannes  DuysterJ,  and  John  Sass4 
1:  Joint  Geoscience  Research  GGA,  Stilleweg  2,  30655  Hannover.  Germany. 
dan.pribnow@bgr.de;  2:  U.S.  Geological  Survey,  345  Middlefield  Rd,  Menlo  Park. 
CA  94025,  USA;  3:  Institut  fur  Geologic,  Postfach  102148, 44780  Boebum,  Germany; 
4:  U.S.  Geological  Survey,  2255  N,  Gemini  Drive,  Flagstaff,  AZ  86001,  USA. 

Use  of  the  needle  probe  technique  to  measure  the  thermal  conductivity  of  water- 
saturated  rocks  and  considering  experiments  under  conditions  of  elevated  temperature 
and  pressure  provides  sufficient  information  to  investigate  various  aspects  of  the  effect 
of  water-saturation  on  thermal  conduction.  These  aspects  include  (1)  theoretical 
models  of  the  two-phase  (matrix-fluid)  system,  which  are  verified  using  measurements 
from  intact  rocks  and  fragments,  and  known  porosity  values,  (2)  porosity  and  its 
structure,  which  are  investigated  by  comparing  thermal  conductivity  measurements 
from  dry  and  water-saturated  rocks,  (3)  compaction  of  the  shallow  sea  floor  sediments, 
which  can  be  estimated  considering  variations  of  thermal  conductivity  with  depth,  (4) 
thermal  cracking,  which  alters  the  bulk  rock  properties  during  measurements 
high-temperature  and  is  minimized  by  simply  keeping  the  samples  saturated.  Thermal 
conductivity  measurements  are  a  proxy  method  to  provide  first-order  information 
about  mineral  composition,  matrix  texture,  porosity,  pore-space  anisotropy,  and 
sedimentation  processes.  This  information  is  helpful  for  planing  detailed  studies  with 
more  sophisticated  and  time-consuming  methods.  The  decrease  of  thermal 
conductivity  with  increasing  temperature  may  be  overestimated  if  based  on 
measurements  from  dry  samples. 


SPONTANEOUS  POLARIZATION  OF  WATER 
IN  A  POROUS  SOLD)  BODY 

L.  Rusiniak 

Institute  of  (jeophysics,  Polish  Academy  of  Sciences, 
rusiniak@seismoll.igf.edu.pl/  fax:  (48X22)37-05-22 

The  dielectric  permittivity  was  measured  in  the  frequency  range  from  5 
Hz  to  13  MHz  for  artificial,  laboratory-made  solid  samples  of  gypsum 
with  different  water  contents.  The  two  electrode  method  was  used.  The 
measurements  were  made  at  three  samples  with  different  porosity  and 
structure.  The  dielectric  permittivity  of  water  was  estimated  from  the 
data  by  calculations  based  on  the  simple  mixing  law  for  partial 
saturation.  Two  dielectric  relaxation  times  were  observed.  The  second 
resonance  is  interpreted  as  a  resonance  of  the  dipoles  with  a  bigger 
effective  moment  of  inertia.  The  results  are  interpreted  assuming 
dipole-dipole  and  dipole-lattice  soUd-dielectric  interactions  and  taking 
into  account  Debye’s  theory.  The  relaxation  time  and  dielectric 
permittivity  of  water  are  fimetions  of  reciprocal  water  volume  in  a 
sample  (single  pore  space).  The  dielectric  permittivity  of  water  is  a 
linear  frmetion  of  relaxation  time.  Spontanous  polarization  in  water  is 
observed. 


INVESTIGATION  ON  PHYSICAL  PROPERTIES  OF 
FRACTURED  ROCK  BY  GEOPHYSICAL  METHODS 


S.  Tomecka-Suchon  and  H.  Marcak 

AGH,  Institute  of  Geophysics,  30  Al.  Mickiewicza,  PL  30-059  Krakdw,  Poland 
tomeckafigeol.agh.edu.pl  /  Fax;  -b48- 12-633-2936  /  Phone:  -b48-12-617-2407 

The  aim  of  our  study  is  to  understand  the  changes  occurring  in  physical  prop¬ 
erties  of  rocks  owing  to  ongoing  fracturing  or  fragmentation.  Both  theoretical 
and  experimental  aspects  are  considered.  In  particular,  we  deal  with  changes 
of  the  elastic  parameters  and  the  velocities  of  P  and  S  waves,  with  the  at¬ 
tenuation  of  seismic  waves,  and  with  changes  of  electrical  properties  such  as 
resistivity  and  permittivity.  These  changes  are  evaluated  in  a  statistical  way. 
We  give  examples  of  measurements  in  the  area  of  mining  activity,  which  is  our 
main  concern.  However,  the.se  examples  bear  a  more  general  interest  for  Earth 
science,  in  particular  for  the  prediction  of  rockbursts  and  earthquakes.  Mining 
activity  most  often  leads  to  evolving  microcrack  systems  which  can  give  rise, 
by  means  of  crack  propagation  and  coalescence,  to  macroscopic  fracture.  The 
examples  given  show  that  such  processes  occurring  at  first  on  microscopic  scales 
and  finally  resulting  in  a  macrocrack  can  often  be  monitored  by  recording  the 
changes  in  time  of  the  seismic  or  electrical  properties  of  the  rocks  in  which 
fracturing  or  fragmentation  occurs. 


SIMULTANEOUS  MEASUREMENT  OF  WATER  RETENTION  AND 
ELECTRICAL  CONDUCTIVITY;  TEST  OF  A  TORTUOSITY  MODEL 

A  H  Weerts  and  W.  Bouten 

Landscape  and  Environmental  Research  Group,  University  of  Amsterdam 
a  h  weerts{g>,fTw,uva  nl/fax  -631-20-5257431 

A  conceptual  model  that  accounts  for  the  influence  of  pore  geometry  is  needed 
to  obtain  soil  water  conductivity  from  bulk  soil  electrical  conductivity 
measurements  in  unsaturated  soils  Mualem  and  Friedman  (Water  Resour. 
Res  27(10)  2771-2777  1991)  proposed  such  a  model  based  on  the  hypothesis 
that  the  tortuosity  factor  affecting  the  bulk  soil  electrical  conductivity  is 
identical  to  that  defined  for  prediction  of  the  soil  hydraulic  conductivity.  Soil 
water  retention  curves  (model  input)  and  bulk  soil  electrical  conductivity 
(model  output)  of  two  soils  were  measured  simultaneously  over  a  range  of 
salinities  to  test  the  electrical  conductivity  model.  The  model  fitted  the  data  of 
both  soils  well.  The  model  is  suited  to  obtain  the  soil  water  conductivity. 
Combined  research  into  unsaturated  electrical  and  water  flow  seems  the 
opportunity  to  asses  tortuosity 
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EFFECT  OF  PORE  GEOMETRY  ON  THERMAL  PROPERTIES 
OF  SEDIMENTARY  ROCKS 
Maria  Zamora  and  Rodolphe  Cattin 
Institut  de  Physique  du  Globe,  Paris,  France. 

Knowledge  of  the  thermal  properties  of  rocks  is  necessary  in  many  applied 
fields:  for  geothermal  energy  extraction,  for  modeling  petroleum  generation 
and  migration,  and  for  disposal  of  nuclear  waste,  which  requires  the  prediction 
of  generated  thermal  perturbations.  The  purpose  of  this  work  is  to  determine 
the  effect  of  porosity  and  pore  geometry  on  thermal  conductivity  of  porous 
rocks.  Thermal  conductivity  of  36  samples  of  limestones  was  measured  with 
the  divided-bar  technique  under  dry  and  saturated  conditions,  and  low  uniaxial 
stress.  The  selected  samples  are  isotropic  and  mineralogically  pure  (CaC03) 
and  offer  a  wide  range  of  porosity  tanging  from  0. 1%  to  38%  and  cover  all  kind  of 
pore  geometries  and  degree  of  consolidation.  The  results  indicate  that  only  flat 
intergranular  crack  porosity  plays  an  important  role  on  thermal  conductivity, 
all  the  other  pore  geometry  (intragranular  and  intergranular  with  differents 
forms  [spheroids,  ellipsoids,  and  irregular  vugs]  and  degree  of  cimentation)  have 
similar  effect  on  thermal  conductivity. 

The  e.xperimental  results  were  compared  with  the  different  theoretical  and  em¬ 
pirical  models  relating  thermal  conductivity,  porosity  and  pore  geometry.  The 
best  fit  was  obtained  with  the  Zimmermann  model. 


SEISMIC  LABORATORY  MEASUMMENTS  OF  Vp  AND  Vs  ON  ROCKS 
WITH  GRANITIC  COMPOSITION 


A.  ZapDonetl).  J.  Khazanehdari(2).  E.  Rullert.!).  L.  Burlini  (1) 

(1)  Centro  per  lo  Studio  della  Geodinainica  Alpina  e  Quatemaria.  CNR.  Via 
Botticelli  23.  20133  Milano.  Italy 

E-inail;  alba.'fl:rlO. terra. uninti.it/FAX:  +39  2  23698353 

(2)  PRIS.  Reading  University  .  PO  Box  227.  Wliiteknights.  Reading  RG6  6.AB. 
Engtrnd 
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This  study  presents  ultrasonic  hiboraloiy  ineasurcincnts  of  comprcssiotial  and  shear 
wave  velocities  up  to  500  MPa  confining  pressure,  that  have  been  made  on  granites 
and  metiigranitcs  from  the  ctystalline  basement  of  Western  Alps  (Northcra  Italy). 
The  samples  of  ntetugranites  were  in  greenschisi.  amphibolite,  and  eclogitc  facies. 
In  order  lo  evaltune  the  influence  of  deformation  on  elastic  properties,  the  samples 
were  collected  with  diflerenl  textural  characierislics.  indicating  different  total 
amount  of  strain. 

Seismic  velocities  arc  dircclly  correlalablc  to  density,  and  thus  broadly  lo 
melamorphic  grade.  Anisotropy  scettts  not  to  be  dctemiiiicd  by  the  nbutidaiicc  of 
phillosilicatcs.  btit  by  their  crystallographic  oricntalion.  This  indicates  lliai  a  partial 
sialic  rectyslallisaiioti  does  appreciably  reduce  anisotropy  where  as  a  dyniimic 
recryslallisalion  may  increase  Ihc  anisotropy.  It  is  concluded  that  seismic 
nitisoiropv  that  is  not  dtte  to  cr.tcks  effects  ntay  occur  itt  upper  to  middle  contittetttal 
cnisi  where  it  is  prcdomittaitily  coittposed  of  ittctagranitic  rocks  only  if  there  is  a 
consistent  regional,  fabric  The  seismic  anisotropy  ntay  be  diminished  tf 
postntelantorpltic  iitlntsiotis  httve  caused  static  recrystallisation. 


EFFECTS  OF  STRESS  ON  PERMEABILITY 

Teng-fong  Wong 

Department  of  Geosciences,  State  University  of  New  York  at  Stony  Brook,  Stony 
Brook,  NY  1 1794-2100,  USA,  tf\vong@ccmail.sunysb.edu  /  Fax:  516-632-8240 

Recent  experimental  studies  will  be  reviewed  to  underscore  the  fundamental 
differences  in  the  evolution  of  permeability  with  deformation  between  compact  and 
porous  rocks.  In  a  compact  rock  (with  porosity  <  5%  or  so),  dilatancy  and  permeability 
enhancement  are  generally  observed  in  both  the  brittle  faulting  and  cataclastic  flow 
regimes.  In  contrast,  porous  rocks  in  the  cataclastic  flow  regime  consistently  show 
compaction  and  permeability  reduction  with  increasing  stress.  The  permeability  and 
porosity  evolutions  closely  track  one  another.  In  the  brittle  faulting  regime,  the 
permeability  and  porosity  changes  of  porous  rocks  are  more  complex.  Beyond  the 
onset  of  dilatancy,  permeability  may  actually  decrease  in  a  dilating  sandstone  prior  to 
brittle  failure.  Microstructural  observations  have  revealed  fundamental  differences  in 
the  pore  geometry  of  rocks  of  different  porosities  and  failure  modes.  The  pore  space 
statistics  can  be  incorporated  into  percolation  and  network  models,  which  have 
provided  important  insight  into  the  intetplay  of  damage  and  tortuosity  in  controlling 
the  evolution  of  permeability  with  the  brittle-ductile  transition.  Implications  of  the 
experimental  and  theoretical  results  on  seismotectonics  will  also  be  reviewed. 


VARIATION  OF  WAVE  ATTENUATION  IN  DIFFERENT  DRY 
ROCKS  DURING  MICRO  FRACTURING 

A.-M.  Wulff 

GeoForschungsZentrum  Potsdam,  Germany,  wulff@gfz-potsdam.de 

Rock  micro  fracturing  has  significant  influence  on  the  effective  elastic  rock 
parameters  and  rock  strength.  In  addition  to  the  rock  static  and  dynamic 
elastic  parameters  the  attenuation  of  seismic  waves  is  a  measure  of  rock 
micro  cracking  and  thus  can  be  used  for  monitoring  of  rock  damage. 
Experimental  data  on  increasingly  damaged  rocks  and  modelling  of  the 
attenuation  behaviour  in  terms  of  crack  density  and  rock  damage  form  a 
basis  for  further  understanding  and  utilisation  of  the  attenuation. 

Laboratory  measurements  of  ultrasonic  wave  propagation  in  dry  rocks  with 
different  microstmetures  (granite,  tuff,  sandstone)  were  performed  during 
increasing  fraentring  of  the  samples.  The  fracturing  was  done  by  applying 
uni-axial  pressure  using  a  constant  low  strain  rate.  The  observed  changes  of 
wave  velocity  due  to  the  development  of  micro  fractures  in  the  rocks  are 
interpreted  by  rock  models  relating  velocity  changes  to  changes  of  crack 
density.  Using  the  so  estimated  crack  densities  as  well  as  the  results  of 
additional  microstructural  investigations  the  observed  attenuation  behaviour 
is  interpreted  by  means  of  attenuation  mechanisms  as  friction  and  scattering. 


SE39  Physical  properties  of  geomaterials 

04  Pore  pressure  as  a  geomechanical  and 
geophysical  parameter 

Convener:  Kiimpel,  H.-J. 

Co-Convener:  Grasso,  J.-R. 


3D  PERMEABILITY  TENSOR  ESTIMATION  FROM  MICRO- 
SEISMIC  DATA 

P.  Audigane  (1),  J.  J.  Royer  (1)  and  S.  Shapiro  (2) 
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Estimation  of  the  large  scale  3D  diffusivity  of  rocks  is  proposed  using  the  spatio- 
temporal  distribution  of  the  fluid-injection  induced  seismic  events  assuming 
a  critical  state  of  stress.  During  hydraulic-fracturing  experiments,  a  micro- 
seismic  activity  has  been  observed  at  Soultz,  France  (HDR  Geothermal  Site) 
at  a  depth  ranging  from  2800m  to  3600m.  Several  thousand  seismic  events  have 
been  induced  in  a  spatial  domain  with  a  lateral  dimension  of  300m  and  a  depth 
of  1000m.  Similarly,  almost  400  microearthquakes  were  observed  during  the 
German  Continental- Deep-Drilling  Project  in  the  depth  interval  9030  -  9100m. 
An  increase  of  the  pore  pressure  caused  by  fluid  injection  changes  the  effective 
normal  stress  as  well  as  the  friction  coefficients  of  the  rock  mass.  Using  Biot  s 
equations  of  the  linear  dynamic  poroelasticity,  an  estimation  of  the  hydraulic 
diffusivity  D  is  obtained  directly  from  phase-shift  information,  considering  the 
distances  of  the  events  from  the  center  of  the  injection  interval  as  a  function 
of  the  event  occurrence  times.  The  hydraulic  diffusivity  obtained  for  KTB  and 
Soultz  experiments  are  compatible  with  the  previously  known  value  for  the 
upper  crust  of  the  order  of  Im'/s,  supporting  the  hypothesis  that  the  state  of 
stress  in  the  crust  is  close  to  critical,  i.e.,  the  crust  is  on  the  verge  of  failure. 
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BRECCIATION  OF  A  WEAKLY  COHESIVE  CARBONATE  MUD  BY 
WAVE-INDUCED  LIQUEFACTION 

F.  Bouchette  (1,2) ,  M.  Seguret  (I),  A.  Moussine-Pouchkine  (1) 

(I)  cc  57.  Labo  GBE,  University  Montpellier  II,  (2)  Fax  :04-67- 14-47-74  /  Mail: 
bouchett@dstu.univ-montp2.fr 

The  Tithonian  (140-135  Ma)  of  the  «  Bassin  du  Sud-Est »  (France)  shows  10  metre- 
thick  breccia  beds  made  of  carbonate  mudstone  elements  within  a  carbonate 
mudstone  matrix.  Brecciation  mechanism  results  from  partial  liquefaction  of  a 
weakly  cohesive  assemblage  of  10  '’  metre-scale  grains  under  wave  cyclic  loading 
related  to  hurricane  wave  degeneration  on  the  carbonate  ramp. 

Microstructural  analysis  allowed  us  to  establish  a  three-stages  scenario  of 
brecciation:  1)  microcracks  develop  in  the  mud  and  clasts  are  formed  when  the 
cracks  connect,  2)  local  liquefaction  process  creates  liquefied  mud  by  reduction  of 
cohesiveness  of  the  cracks  edges;  the  result  is  a  mixture  of  clasts  suspended  in  a 
liquefied  mud,  3)  sedimentation  of  the  mixture  involves  rearrangement  of  the  clasts. 
Cracking  and  local  liquefaction  processes  proceed  from  pore  pressure  increase 
induced  by  incremental  and  irreversible  volumetric  deformation  of  the  grain 
framework  by  grain  rotation  and  grain  boundary  sliding.  These  grain  displacements 
are  due  to  shear-stress  induced  by  the  action  of  the  waves  on  the  sea  floor. 

A  numerical  model  allows  us  to  study  the  liquefaction  process  at  grain  scale  in  terms 
of  pore  pressure  variations.  The  model  is  based  on  competition  between  drainage 
modelled  by  Darcy’s  law  and  interstitial  pressure  generation  modelled  by 
experimentation-derived  relationships.  Cohesiveness  is  modelled  by  a  non-linear 
relationship  between  the  wave  cycle  number  and  the  shear-stress. 


NATURAL  POROSITY  EVOLUTION  IN  THE  EARTH  CRUST;  TIME  SCALE 
AND  INFLUENCE  OF  BOUNDARY  CONDITIONS 

V.  ChemiavskI  (1).  E.  Suetnova  (2) 

( 1 )  Institute  of  Oceanology,  RAS,  Moscow. 
chemiav@chip.sio.rssi.ru 

(2)  United  Institute  of  the  Physics 
of  the  Earth,  RAS,  Moscow. 
vera@analit.msk.m 

Accounting  of  pore  pressure  evolution  at  the  middle  and  lower  crust  is  extremely 
important  for  geophysical  studies.  Pore  pressure  affects  on  rheology  of  the  crust  and 
seismic  velocity.  The  models  are  suggested  to  account  pore  pressure  evolution  in  two 
distinguished  cases:  metamorphic  event  in  the  lower-middle  crust,  and  sedimentation. 
Common  point  for  these  two  models  is  a  moving  upper  boundary  but  boundary 
conditions  are  essentualy  different.  Analytical  and  numerical  results  are  compared 
with  seismic  smdies  of  collision  zones  and  sedimentary  basins.  Time  dependent 
behaviour  of  overpressure  zones  in  the  deep  crust  is  accounted. 


DEFORMATION  FIELD  AND  PORE  PRESSURE  CHANGES 
FOLLOWING  THE  M5.9  ROERMOND-EARTHQUAKE 

G.  Grecksch  and  H.-J.  Kiimpel 

Both  at:  Geological  Institute,  Section  of  Applied  Geophysics,  University  of 
Bonn,  Nussallee  8,  D-531 15  Bonn,  Germany;  grecksch@geo.uni-bonn.de 

Systematic  analysis  of  seismotectonically  induced  well  level  fluctuations 
may  be  used  to  improve  the  knowledge  of  the  role  of  pore  fluids  in  crustal 
rheology  and  earthquake  mechanics.  We  collected  records  of  altogether  194 
well  level  sensors,  continuously  operating  during  the  M5.9  Roermond- 
Earthquake  of  April  13,  1992.  About  35%  showed  a  significant  coseismic 
response.  The  earthquake’s  static  volume  strain  field  at  the  surface  is  in 
reasonable  agreement  with  the  sign  of  the  observed  well  level  steps  but  the 
amplitudes  of  the  latter  show  large  variations,  and  exceed  those  predicted 
from  the  wells’  volumetric  strain  sensitivities  generally  by  two  orders  of 
magnitude.  Obviously,  simple  models  of  the  crust  fail  to  explain  our 
observations.  Our  current  attention  focusses  on  numerical  poroelastic 
modelling  in  order  to  explain  the  locally  irregular  pattern  of  signal 
amplitudes  These  calculations  simulate  pore  pressure  diffusion  processes 
caused  by  rainfall  and  atmospheric  loading  in  a  fluid  saturated  aquifer.  A 
spatially  heterogeneous  distribution  of  pore  pressure,  which  to  some  extent 
is  equilibrated  by  the  vibrations  during  the  passage  of  seismic  waves,  may 
explain  the  observed  irregular  pattern. 


DETERMINATION  OF  HYDRAULIC  CONDUCTIVITY  AND 
SUBSIDENCE  VOLUME  FROM  WATER  LEVEL  MEASURE¬ 
MENTS  DURING  BLASTING  OPERATIONS 
W.  Kessels  and  G.  Zoth 

Joint  Geosclentific  Research  (GG.A),  D-30655  Hannover,  Germany. 
Winfried.Kessels®bgr.de/Fax:  [49]  511  643  3665 

Tailings  created  by  open-pit  mining  operations  usually  have  high  porosities. 
Therefore,  they  are  subject  to  sedifluction.  In  order  to  avoid  the  possible  dan¬ 
ger  of  uncontrolled  mass  movement,  blasting  operations  are  a  common  proce¬ 
dure  for  compacting  and  stabilizing  the  tailings  by  decreasing  porosity.  We  will 
present  a  method  to  determine  the  subsidence  volume  caused  by  the  blasting 
operations  based  on  water-level  measurements. 

The  experiments  were  carried  out  on  the  former  lignite  mining  site  Grabendorf 
in  Eastern  Germany.  The  distance  between  the  measurement  well  and  the  bore¬ 
hole  used  for  the  blasting  was  44  m.  The  water  levels  were  measured  with  high- 
resolution  pressure  sensors  for  several  months.  This  long-term  measurement 
allowed  us  to  take  into  account  the  general  trend  of  increasing  water  levels 
due  to  the  flooding  of  the  former  mining  site.  We  also  considered  the  influence 
of  atmospheric  pressure  variations  on  water  level  fluctuations.  However,  this 
influence  is  small  due  to  the  high  gas  permeability  of  the  tailings  site.  Based 
on  an  analytic  solution,  we  determined  the  subsidence  volume  caused  by  the 
blasting  and  the  hydraulic  conductivity  of  the  test  site. 


STUDYING  THE  ROLE  OF  PORE  PRESSURE  IN  A  RIS  CASE 

H.-J.  Kiimpel  ( 1 ),  H.K.  Gupta  (2),  1.  Radhakrishna  (2),  R.K.  Chadha  (2)  and  G. 
Grecksch  ( 1 ) 

(1)  Geological  Institute,  Univ.  Bonn,  (2)  NGRI,  Hyderabad,  India 
kuempel@geo.uni-bonn.de/Fax:  -^49-228-732584 

Reservoir  induced/triggered  seismicity  (RIS)  is  a  phenomenon  that  appears  to 
be  directly  related  to  pore  pressure  changes  in  the  saturated  crust  -  namely 
through  a  combination  of  transient  elastic  loading  and  diffusion  of  excess 
hydrostatic  pressure  -  but  detailed  understanding  is  still  poor.  A  unique 
opportunity  to  learn  more  about  the  role  of  pore  pressure  in  this  context 
provides  the  region  between  the  Koyna  and  Wama  reservoirs  in  Maharashtra, 
India.  Here,  RIS  is  highest  in  the  world  and  ongoing  for  more  than  30  years.  In 
a  collaborative  project  we  have  started  to  monitor  pore  pressure  changes  in 
that  area  by  recording  natural  well  level  fluctuations  in  an  array  of  (presently) 
12  wells.  These  have  been  drilled  130  to  250  m  into  the  massive,  mesozoic 
Deccan  trap  basalts  in  that  region,  with  the  upper  30  to  40  m  being  cased.  Data 
retrieved  so  far  give  evidence  that  (a)  the  basalts  are  water  saturated  with 
hydraulic  heads  typically  at  depths  between  2  and  15  m,  and  (b)  the  tapped 
aquifers  are  mostly  confined,  with  transmissivities  ranging  from  low  to 
medium  (0.01  to  10  mVs).  Accordingly,  most  well  levels  respond  to  tidal  and 
barometric  forces.  Longer  time  series  will  be  screened  for  (dis)3imilarities  of 
residual  level  fluctuations  in  adjacent  wells  and  for  their  coherences  with 
reservoir  level  data  and  local  seismicity. 


MODELLING  OF  COMPACTION  IN  FAULTED  SEDIMENTARY  BASINS: 
INFLUENCE  OF  DIFFERENT  MECHANICAL  MODELS  ON  FLUID 
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F.E.M.T.O.  (Finite  Element  Modelling  of  Transfers  during  Overthursting)  is  a 
2D  model  of  coupled  transport  in  faulted  sedimentary  basin,  which  can 
simulate  the  evolution  of  overthrusting  structures.  An  external  kinematics 
program,  like  Thurstpack^’’'  from  I.F.P.,  is  used  to  provide  the  large-scale 
displacements  and  deformations  due  to  tectonic  forces.  Coupling  between 
fluid  flow,  transport  and  mechanical  behaviour  is  investigated. 

Two  approaches  are  considered.  In  the  first  one,  porosity  is  a  function  of  the 
effective  vertical  stress.  The  importance  of  the  fluid  overpressure  during 
sedimentation  is  emphasised.  The  role  of  the  faults  is  highlighted  and  the 
relevant  physical  parameters  are  listed 

In  the  second  approach,  2D  elastic  tensorial  mechanics  is  used.  Considering 
an  elastic  behaviour  of  the  porous  medium  skeleton,  we  examine  the  friction 
in  the  faults  of  the  basin  taking  into  account  a  friction  coefficient  constant  or 
depending  of  the  fluid  pressure.  The  coupling  between  fluid  and  solid  is  very 
important  in  the  basin  behaviour,  the  fluid  acting  as  a  lubricant  in  the 
mechanical  evolution  of  the  basin. 
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FLUID  OVERPRESSURES  IN  WESTERN  MEDITERRANEAN 
SEDIMENTS 

A.  Revil  (1),  L.M.  Cathles  (3)  and  P.A.  Pezard  (1,2) 
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A  compaction  model  has  been  developed  and  applied  to  five  Ocean 
Drilling  Program  Leg  161  Sites  where  overpressured  sediments  were 
cored.  The  sediment  porosities  were  deduced  from  density  log 
measurements  and  fluid  overpressure  were  estimated  from  the  difference 
between  the  hydrostatic  porosity  (i.e.,  the  porosity  distribution  that  would 
have  resulted  at  equilibrium  compaction  with  hydrostatic  pore  fluid 
pressures)  and  these  measured  porosities.  This  analysis  shows  that  fluid 
overpressuring  starts  at  very  shallow  depths  (120-150  mbsf,  meters  below 
sea  floor)  and,  in  some  cases,  rapidly  increases  to  lithostatic.  The 
development  of  fluid  overpressures  correlates  with  the  presence  of  gas 
(mostly  methane).  Layers  filled  with  free  gas  are  clearly  revealed  on 
spikes  in  the  porosity  derived  from  the  density  log  assuming  water 
saturated  sediments.  The  ingredients  for  capillary  sealing,  two  fluid 
phases  in  a  layered  sequence  of  fine  and  coarse  sediment,  exist  in  all  the 
overpressured  sedimentary  sections.  Capillary  sealing  is  shown  to  be 
quantitatively  capable  of  retaining  the  overpressures  observed. 
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MICROSTRUCTURES  IN  CORDIERITE-BEARING  MIG- 
MATITES:  INFERENCES  FOR  MELT  SEGREGATION. 
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The  rheology  of  partially  molten  rocks  can  be  roughly  described  as  a  two 
phase  system:  weak  melt  and  strong  minerals.  The  rheology  depends  on  the 
volume  proportions  and,  more  conspicuous,  of  the  competence  contrast  of 
the  rheological  phases.  The  viscosities  of  pure  melts  have  been  investigated 
in  the  literature,  but  the  mechanical  behaviour  of  the  solid  phases  is  nearly 
unknown  under  those  conditions.  Therefore,  we  investigate  solid  educts 
and  products  of  melt  producing  reactions  inside  of  migmatites  from  the 
Bayerische  Wald  (Variscan  belt,  F.R.G). 

Massive  migmatites,  without  melt  segregation,  are  characterised  by  a  random 
crystallographic  preferred  orientation  (CPO)  of  cordierites  and  the  random 
shape  preferred  orientation  (SPO)  of  the  biotites.  These  fabrics  change 
dramatic  in  migmatites,  which  underwent  melt  segregation.  In  melt 
segregated  melanosomes,  the  cordierites  show  a  well  developed  CPO  and 
their  microstructures  indicate  intracrystalline  plasticity  (e.g.  dynamic 
recrystallization).  Mineral-composition,  microstructures  and  geothermometry 
of  the  recrystallized  cordierites  demonstrate,  that  these  structures  are  related 
to  biotite  dehydration  melting.  The  quantitative  fabric  data  in  different 
migmatite-types  correspond  to  the  modal  composition  of  these  different 
migmatites.  This  indicates,  that  the  change  of  mechanical  behaviour  is  direct 
related  to  the  distribution  of  melt  in  the  system  or  to  the  amount  of  melt 
segregation. 


PORE  PRESSURE  SIGNALS  FROM  GREAT  DEPTH:  CONTINU¬ 
OUS  FLUID  LEVEL  RECORDS  FROM  THE  KTB,  KOLA  SG-3 
AND  ICELAND  LL-03  BOREHOLES 

K.  C.  Schulze.  H.-J.  Kiimpel  (I)  and  E.  Huenges  (2) 
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Pore  pressure  fluctuations  e  g.  caused  by  changes  of  tidal  stress  or  baro¬ 
metric  pressure  can  be  observed  as  fluid  level  variations  in  sufficiently  deep 
wells  and  allow  the  derivation  of  in-situ  petrohydraulic  rock  properties.  As 
part  of  the  deep-crustal-lab  studies  at  the  KTB-superdeep  boreholes 
(Germany)  we  are  carrying  long  term  (few  years)  quasi  continuous  fluid 
level  registrations  Both  boreholes  are  cased  except  for  the  lowermost  150  m 
in  4  km  (VB)  or  75  m  in  9. 1  km  (HB)  depth.  The  HB  appears  to  be  hydrau¬ 
lically  damped  for  periods  shorter  than  several  days,  yet,  the  fluid  level 
shows  a  strong  long  term  drift.  Tidal  amplitudes  of  up  to  12  cm  peak  to 
peak  and  a  clear  anticorrelation  to  atmospheric  pressure  can  be  observed  in 
the  fluid  level  of  the  VB.  A  10  day  record  of  fluid  level  in  the  Kola  SG-3 
(open  hole  8278-8588  m)  shows  small  tidal  signals  (few  mm)  and  a  weak 
anticorrelation  to  air  pressure.  In  cooperation  with  PRENLAP  (Roth,  GFZ- 
Potsdam)  a  one  month  data  set  was  recently  obtained  in  the  LL-03  (1100 
m),  Iceland,  in  a  highly  seismogenic  zone  and  is  presently  analysed. 


MELT  EXTRACTION  AND  TRANSPORT  DURING  DEFORMATION 

Michael  Brown  and  Gary  S.  Solar 

Lab  for  Crustal  Petrology,  University  of  Maryland,  College  Park,  MD  20742,  USA 
mbrown@geol.umd.edu 

Migmatite  leucosomes  and  sheeilike  bodies  of  granite  in  shear  zone  systems 
demonstrate  the  effectiveness  of  these  systems  as  networks  for  melt  flow  in  the  crust. 
At  melt  fractions  >  threshold  permeability  during  deformation,  end  member 
rheological  models  are  percolative  melt  flow  (directed  along  foliation  planes  parallel 
to  mineral  elongation  lineation)  and  en  masse  transport  of  melt  with  residue  (e.g. 
granular  flow);  segregated  melt  migrates  down  pressure  gradients.  Crustal-scale 
transport  may  be  by  ductile  flow  of  sheetlike  bodies  or  channelized  in  tensile  and/or 
dilatant  shear  fractures  formed  due  to  melt-enhanced  embrittlement.  These  processes 
operate  at  various  length  scales,  from  -mm  to  -km,  and  timescales,  c.  lO’-lO'"  secs, 
under  conditions  of  low  differential  stress  and  high  fluid  pressure.  Transport  is 
controlled  by  the  architecmre  and  type  of  shear  zone  system.  In  belts  dominated  by 
transcurrent  shear,  granite  arrested  during  ascent  commonly  develops  C-S  fabrics. 
This  suggests  percolative  flow  was  not  effective  in  expelling  melt,  ductile  or 
channelized  flow  occurred  during  deformation  and  granite  crystallized  during 
persistent  strain.  In  bells  dominated  by  reverse  displacement,  granite  arrested  during 
ascent  generally  does  not  develop  C-S  fabrics,  to  imply  percolative  flow  was  effective 
in  avoiding  buildup  of  melt  pressure.  During  waning  deformation  as  rates  of 
percolative  flow  declined,  buildup  of  melt  pressure  resulted  in  late-syntectonic  ductile 
or  channelized  flow  and  granite  crystallized  without  pervasive  penetrative  strain. 


DEFOR.MATION  OF  PARTIALLY  MOLTEN  MA.\TLE  ROCKS  AT  HIGH 
STRESSES 

D.  Bruhn,  M.E.  Zimmerman  and  D.L.  Kohlstedt 

Department  of  Geology  and  Geophysics,  University  of  Minnesota,  Minneapolis,  MN 
55455,  USA;  bruhn@olivine.chem.umn.edu/fax:-t-t-l-612-625  3819 

The  deformation  behaviour  of  partially  molten  mantle  rocks  has  been  investigated  by 
experimentally  deforming  hot-pressed  aggregates  of  olivine  with  2  to  10  wt%  MORB. 
Constant-load  compressive-creep  experiments  were  performed  to  strains  of  15-25%  at 
l200iC  and  a  confining  pressure  of  200  MPa,  At  these  conditions,  the  MORB  is 
molten.  Differential  stresses  were  varied  from  160  to  500  MPa.  Stress  exponents  for 
olivine+MORB  samples  of  <1.5  and  the  absence  of  grain  flattening  suggest  that 
deformation  occurred  by  diffusive  mass  transfer  and  grain  boundary  sliding.  The 
strength  of  the  samples  decreased  with  increasing  melt  fraction.  Sample  stresses 
exceeded  confining  pressure  in  all  experiments,  but  the  mechanical  data  and 
microstructural  observations  show  no  evidence  for  brittle  deformation.  The  melt  is 
aligned  in  pockets  along  grain  boundaries  oriented  at  20i  to  30i  to  the  shortening 
direction.  A  similar  alignment  of  melt  pockets  has  been  reported  previously  for 
partially  molten  dunites  deformed  at  much  lower  stresses,  well  below  the  confining 
pressure.  Olivine  without  MORB  made  from  the  same  starting  materials  was  weaker 
than  the  partially  molten  samples,  and  the  stress  exponent  was  2  for  stresses  up  to  850 
MPa  where  localization  of  the  deformation  occurred.  This  mechanical  behaviour  is 
suggestive  of  semi-brittle  deformation  and  is  distinctly  different  from  the 
olivTne+MORB  samples.  Thus,  melt  in  partially  molten  mantle  rocks  appears  to 
inhibit  microcracking  rather  than  to  promote  it. 
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Strain  and  fabric  analyses  based  on  porphyroclast  interaction 
J  Darrozes  ( 1 L  P.  Gaillot  ( I )  and  B.  TikoflF(2) 

( 1 )  5563  -  CNRS  O.M.P.,  UPS,  38  me  des  36  ponts,  3 1400  Toulouse,  France 

(2)  Geology  and  Geophysics,  Rice  University,  6100  Main  St  -MS  126,  Houston  Tx 
darrozes®lucid.ups-tlse,fr/  Fax  :  (33)  5  61  52  05  44 

Recent  theoretical  works  (Tikoff  and  Teyssier,  1994)  had  shown  that  analysis  of 
particle  imbrication  resulting  of  mechanical  interactions  between  porphyroclasts  (or 
more  generally  elliptical  rigid  panicles)  during  deformation  provides  important 
information  on  strain  measure,  strain  history;  and  can  potentially  provides  insight 
into  the  conditions  of  deformation.  Using  an  efficient  multi-scale  image  analysis 
tool,  namely  the  Normalised  Optimised  Anisotropic  Wavelet  Coefficient  (N'O.AWC) 
method  which  is  able  to  detect  and  quantify  the  different  levels  of  mineral 
organisation  (grains,  clusters  or  alignments  of  grains , ..)  in  an  image  regardless  of  its 
size,  shape,  location  and  location  (Gaillot  et  al.,  1997),  we  automaticallv  recognise 
patterns  of  interacting  grains.  Results  obtained  on  oriented  sections  of  two  granites 
(Sidobre.  France  and  Mono  Creek,  California),  compared  to  theoretical  models  of 
interacting  porphyroclasts  in  a  variety  of  cinematic  conditions,  allows  us  to  precise 
the  strain  and  strain  history  of  the  latter  massifs. 

Gaillot,  P  ,  J  Darrozes,  G.  Ouillon,  and  M  de  Saint  Blanquat,  M  1997  The 
normalised  optimised  anisotropic  wavelet  coefficient  (NOAWC)  method 
An  image  processing  tool  for  multi-scale  analysis  of  rock  fabric.  Geophys. 
/fev, /,e«.,  24,  14,  1819-1822. 

Tikoff,  B  &  Teyssier,  C.,  1994  Strain  and  fabric  analyses  based  on  porphyroclast 
interaction,  J.  Staict.  Geol.  16,  477-491, 


Fabric  image  analysis  tools  for  polyphased  rocks  :  a  comparative 

STUDY 

P.  Gaillot.  J.  Darrozes  and  V.  Gregoire 

UMR  5563  -  CNRS  O.M.P.,  UPS,  38  me  des  36  ponts,  31400  Toulouse.  France 
gaillot@lucid.ups-tlse.fr  /  Fax  :  (33)  5  6 1  52  05  44 

With  regard  to  the  multiplication  and  generalisation  of  image  processing  tools  for 
rook  fabric  analysis,  a  comparative  study  between  -  global,  individual,  geometric 
and  multi-scale  -  approaches  is  proposed  The  chosen  method  are  (I)  the  intercept 
method  which  measure  the  global  Shape  Preferred  Orientation  (SPO)  of  the  rock 
and  the  strength  of  the  SPO  using  a  rotating  network  of  equidistant  parallel  lines ;  (2) 
the  inertia  tensor  method  which  quantifies  the  individual  parameters  -  location,  size, 
shape  anisotropy  and  orientation  -  of  the  constitutive  parts  of  the  rock  and  the  mean 
fabric,  by  computing  the  individual  and  mean  inertia  moment  tensor  of  the  image ;  (3) 
the  autocorrelation  fiinction  which  fitmishies  a  new  image  where  the  rock  geometry 
is  simplified  by  convoluting  the  original  image  by  itself,  and  (4)  the  multi-scale 
analysis  using  anisotropic  wavelets  allowing  recognition  and  individual  quantification 
-location,  size,  shape  anisotropy  and  orientation  -  of  each  level  of  mineral 
organisation  (grains,  alignments  or  clusters  of  grains  ...).  This  comparative  study 
performed  on  constmcted  and  natural  examples,  leads  to  a  discussion  about 
significance  and  possible  interpretation  of  the  results  for  each  method  Advantages, 
limitations  and  complementarily  of  these  approaches  are  also  discussed 


MAGMATIC  DEFORMATION  DURING  MELT  ASCENT  IN  A 
DEVELOPING  RING  COMPLEX  (THE  LARVHC  PLUTON,  NORWAY) 

J6rg  Gallo  &  J6m  H.  Kmhl 

Institut  fiir  Angew.  Geologie  &  Mineralogie.  TU  Mttnchen,  D-85747  Garcbing 
kiuhl@mineral.min.chemle.tu-muenchen.de 

The  Laivik  pluton  represents  a  ring  complex  that  has  been  caused  either  by 
cauldron  subsidence  or  by  multiple  injection  of  magma  during  the  development  of 
the  Oslo  Graben.  The  pluton  and  related  dykes  were  deformed  as  a  crystal  mush. 
This  deformation  resulted  from  shearing  combined  with  magmatic  flow  of  ciystals 
near  the  walls  of  the  magma  chamber  during  the  different  stages  of  cauldron 
subsidence.  Olivine,  clinopyroxene,  amphibole  and  K-feldspar  show  high-T 
deformation  structures  like  coarse  grain-boundary  sutures,  reciystallized  grains  and 
characteristic  high-T  subgtain  patterns.  Rare  low-T  features  are  interpreted  as  the 
result  of  a  locally  increased  strain  rate.  The  deformed  ciystals  are  surrounded  and 
enclosed  by  totally  undeformed  clinopyroxene-K-feldspar  ^mplectites  and  by  inter- 
cumulate  nepheline.  Both  are  late  products  of  the  restitic  melt.  This  indicates  the 
presence  of  crystal-mush  and  absence  of  solid-state  deformation.  Because  the 
different  sectors  of  the  Larvik  ting  complex  have  differentiated  in  situ  magmatic 
deformation  did  not  only  occur  during  but  also  after  the  intrusion  of  the  pluton.  In 
any  case,  the  undeformed  intercumulus  phases  indicate  that  deformation  did  not 
continue  during  the  sub-solidus  stage  due  to  a  regional  stress  field. 


TOPOLOGY  OF  METAL  MELTS  IN  OLIV  INE  AGGREGATES  DEFOR.MED 
TO  HIGH  SHEAR  STRAIN 

N.  Groebner,  D,  Bruhn,  and  D.  L.  Kohlstedt 

Department  of  Geology  and  Geophysics,  University  of  Minnesota,  Minneapolis,  MN 
55455,  U.S.A.,  groebner@olivine.chem.umn.edu,/Fax:  +1-612-625  3819 

The  Earth's  core  is  assumed  to  have  segregated  as  an  iron-sulfide  melt  from  an  initially 
homogeneous  Earth.  However,  high  pressure/temperature  experiments  under 
hydrostatic  conditions  suggest  that  metal  melt  does  not  migrate  by  porous  flow  at 
upper  mantle  conditions  due  to  the  high  dihedral  angle  between  the  olivine  and  the 
melt.  To  evaluate  the  effect  of  deformation  on  the  migration  of  metal  melts  from 
peridotites,  we  studied  the  effect  of  shear  strain  on  synthetic  aggregates  of  olivine  with 
varying  amounts  of  gold  as  an  analogue  to  undifferentiated  mantle  rock.  These 
experiments  were  conducted  in  simple  shear  at  1250  C  and  300  MPa  confining 
pressure,  to  shear  strains  of  100-200%.  Our  initial,  undeformed  samples  have 
generally  equant  melt  pockets  with  high  (~1 00  )  dihedral  angles,  comparable  to  that  of 
iron  sulfide  melts  in  dunite.  Analysis  by  optical  microscopy  shows  that,  after 
deformation,  a  large  fraction  of  the  gold  is  in  elongate  pockets  that  are  oriented  about 
150  from  the  maximum  principal  stress  axis  and  15  from  the  shear  plane.  This 
orientation  is  similar  to  that  observed  in  deformed  olivine-basalt  aggregates. 
Currently,  3D  x-ray  tomographic  methods  are  being  used  to  further  quantify  the  melt 
geometry. 


DIHEDRAL  ANGLES  AND  MELT  INTERCONNECTION  IN  PARTIALLY 
MOLTEN  CRUST:  THEORY  AND  EXPERIMENTS 

D.  LAPORTE ,  A.  PROVOST  AND  E.  RIGNAULT 

(CNRS,  UMR  6524,  Univ.  Blaise  Pascal,  5  me  Kessler,  F-63038,  Clermont-Ferrand 
Cedex,  France;  laporte@opgc.univ-bpclermbnt.fr) 

Melt  distribution  at  the  grain  scale  is  a  key  factor  in  controlling  the  segregation  of 
granitic  melts  from  their  source  rocks.  At  low  melt  fractions,  the  ratio  of  grain- 
boundary  energy  to  solid-melt  interfacial  energy,  yjy,{.  is  a  fundamental  physical 
property  that  determines  the  equilibrium  melt  geometry,  including  the  dihedral 
angle  B  at  a  solid-solid-melt  triple  junction  and  the  permeability  threshold  i.e. 
the  volumetric  percentage  of  melt  at  which  melt  interconnection  is  established.  At 
present,  the  relationship  between  8  and  ifit  is  only  well  constrained  for  idealized, 
monorhineralic  systems  with  single-valued  interfacial  energies.  This  presentation 
will  comprise:  (1)  a  review  of  dihedral  angle  measurements  in  quartz-,  feldspar- 
and  amphibole-melt  systems  relevant  to  cmstal  anatexis;  andi(2)  an  account  of  the 
main  results  of  2-D  and  3-D  models  aimed  at  characterizing  partial  melt  textures  in 
polymineralic  aggregates  w  ith  anisotropic  interfacial  energies.  On  the  basis  of  the 
very  low  dihedral  angles  (l0'’-60'’)  measured  in  all  cmstal  analogues,  we  shall 
argue  that  the  permeability  thresholds  of  partially  molten  cmstal  protoliths  are  veiy 
low:  <  1  vol.  %  to  a  few  vol.  %,  Because  of  the  high  viscosities  of  granitic  melts, 
melt  segregation  is  presumed  to  be  inefficient  at  such  low  degrees  of  melting.  There 
may  therefore  exist  a  range  of  melt  fractions  above  1)1^  over  which  the  partial  melt  is 
interconnected  but  nearly  stagnant. 


ELASTIC  PROPERTIES  OF  GRANITE  UNDER  HIGH  PRESSURE-HIGH 
TEMPERATURE  CONDITIONS  UP  TO  PARTIAL  MELTING 

H.J.  Mueller  (1),  H.  Kem  (2),  S.  Raab  (1),  T.  Popp  (2), 

K.  Roetzler(i) 

(1)  GeoForschungsZenrmm  Potsdam  (GFZ),  14473  Potsdam 

(2)  Mineralogiscb-Petrograpbisches  Institut  und  Museum  der  Universitaet, 
Olshausensir.  40,  24098  Kiel  hjmueI@gfz-potsdam.de/Fax:  +49-331-288-1450 

Motivated  by  DEKORP  data  from  the  Saxonian  Erzgebirge  the  elastic  wave  velocities 
of  West-Erzgebirge  granites  from  12  outcrops  were  measured  using  3  different 
pressure  chambers  (oil,  gas,  cubic).  The  cubic  press  experiments  (0.6  GPa/600  degrees 
C)  show  the  absence  of  significant  elastic  anisotropy  and  a  low  velocity  differentiation 
for  the  investigated  samples  indicating  that  seismic  reflections  cannot  be  interpreted  by 
contrasts  between  intrusion  phases.  The  measurements  under  partial  melting 
conditions  (gas  pressure  0.5  GPa/1,200  degrees  C)  with  encapsulated  samples  and 
selfbuffering  demonstrate  the  strong  velociry  decreasing  effect  of  small  melt  amounts. 
Postexperimental  microscopic  analysis  and  digital  image  processing,  performed  to  find 
the  relation  between  material/structural  and  elastic  data,  showed  within  microsection 
scale  the  heterogeneity  and  strong  volatile  control  of  melt  generation  and  dissipation. 
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MELT  TOPOLOGY  IN  NATURALLY  DEFORMED  GRANITOID  ROCKS 
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The  thermal  aureole  in  the  Paleoproterozoic  Murray  Pluton  in  central  Ontario 
formed  by  emplacement  of  the  mafic  Sudbury  Igneous  Complex  and  offers  an 
excellent  target  for  studying  partial  melt  phenomena  in  heterogeneously  strained 
granitoid  rocks.  Microstructural  analysis  of  statically  crystallized  rocks  using 
cathodoluminescence  revealed  the  presence  of  thin  K-feldspar  seams  at  grain 
boundaries  and  triple  junctions  of  quartz  grains.  We  suggest  that  the  geometry  of 
the  quartz-feldspar  boundaries  reflects  that  of  the  quartz-melt  contacts  upon 
reheating  of  granitoid  rock.  This  is  supported  by  quartz  showing  rational  faces  and 
euhedral  shape  where  completely  "wetted"  by  feldspar  as  opposed  to  curved  grain 
boundaries  where  in  contact  with  feldspar  and  a  second  quartz  grain.  Furthermore, 
quartz-quartz-feldspar  boundaries  define  a  dihedral  angle  of  approximately  35 
which  is  comparable  to  angles  reported  from  experimentally  crystallized  quartz- 
quartz-melt  systems  but  much  lower  than  quartz-feldspar  dihedral  angles  that 
reached  equilibrium  in  the  solid  state.  By  contrast,  K-feldspar  seams  in  deformed 
granitoid  rocks  are  located  preferentially  along  quartz  grain  boundaries  oriented  at 
high  angles  to  the  foliation  plane.  Moreover,  dynamically  recrystallized  quartz 
grains  are  locally  transected  by  feldspar  seams  which  indicate  fracturing  in  the 
presence  of  melt.  Therefore,  melt  topology  was  controlled  by  inter-  and 
intragranular  fracturing  which  occurred  contemporaneously  with  dislocation  creep 
in  quartz. 


MICROSTRUCTURAL  EVIDENCE  FOR  MELT  IN  MIGMATITESE 
W.SAWYER. 

Sciences  Appliquees,  Universite  du  Quebec  a  Chicoutimi,  Chicoutimi,  Quebec  G7H 
2B 1 ,  Canada.ewsawyer@uqac.uquebec.ca 

Microstructural  evidence  for  the  presence  of  melt  films  and  pools  similar  to  those 
described  from  quenched  partial  melting  experiments  are  seldom  reported  from 
regional  anatectic  rocks.  Metasediments  from  the  Ashuanipi  Subprovince  of  northern 
Quebec  were  metamorphosed  at  temperatues  >900oC  and  pressures  of  6-7  kbar  down 
to  3  kbar.  The  lower  pressures  probably  reflect  melting  during  exhumation.Some 
residual  rocks  contain  textural  evidence  for  the  presence  of  melt  films  and  pools. 
Typically  the  melt,  now  pseudomorphed  by  quartz,  forms  thin  films  along  grain 
boundaries  and  triple  points.  Very  rarely  melt  also  penetrated  cracked  grains.  In  some 
cases  residual  orthopyroxene  has  developed  crystal  faces  at  contacts  with  melt.  Biotite 
crystals  enclosed  in  melt  are  commonly  rounded.Preserved  melt  in  regional  anatectic 
rocks  may  be  common.  In  the  Opatica  subprovince,  K-feldspar  pseudomotphs  melt 
films  along  grain  boundaires  and  triple  points  in  rocks  of  tonalitic  composition. 
Similar  textures  were  probably  common  in  the  rapidly  uplifted  Wuluma  area  of  central 
Australia,  but  later  deformation  has  destroyed  much  of  the  evidence.These  melt  films 
probably  represent  the  last  increments  of  melt  present  in  the  residua.  Their  presevation 
may  be  favoured  by  rapid  uplift  and  little  or  no  post-melting  deformation. 
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STRAIN  PARTITIONING  AND  PERCOLATION  EFFECTS  ON  THE 
RHEOLOGY  OF  PARTIAL  MELT  AND  CRYSTALLIZING  MAGMA 
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Solid-to-melt  and  melt-to-solid  transitions  are  not  theologically  similar.  It  rules  out 
a  unique  rheological  critical  melt  percentage.  4  stages  are  examined  according  to  melt 
fraction.  1)  The  liquid  percoiation  rhres/ioW  connects  the  melt  pockets  at  8  %  melt. 
It  allows  local  magma  displacement  at  metric  scale.  2)  For  higher  melt  percentage 
(20-25  %),  a  meil  escape  threshoid  corresponds  to  the  onset  of  melt  transport  over 
large  distances.  3)  During  magma  empiacement,  early  crystallizing  grains  (<  20  % 
solid)  rotate  and  define  a  fabric.  Random  loose  packing  is  reached  at  about  55  % 
solids  and  corresponds  to  the  rigid  percoiation  threshoid.  4)  Cluster  of  particles  forms 
a  rigid  backbone  and  can  accumulate  stress,  but  the  melt  can  still  flow.  Local  shear 
zones  develop  dilatancy  and  provide  the  way  of  rearranging  particles  near  intrusion 
rims.  The  system  is  totally  locked  at  72-75  %  solid,  beyond  the  particie  iocking 
threshoid.  LPT  and  RPT  are  defined  according  to  the  percolation  theory.  They  depend 
on  type,  shape  and  abundance  of  minerals  but  not  on  external  forces.  Due  to  the 
reduced  mineral  phases,  LPT  is  lower  for  ultramafic  or  monomineralic  rocks  than  for 
felsic  rocks.  Other  thresholds  are  transitional  and  depend  on  deformation  and  particle 
shape.  The  low  viscosity  melt  phase  within  a  viscous  matrix  induces  strain 
partitioning  which  increases  the  vorticity  of  the  system.  Shear  induced  deformation 
is  larger  than  gravity  forces,  in  segregating  felsic  melts.  It  has  consequences  on 
textural  and  chemical  equilibrium  of  the  magma  during  melting  and  crystallization. 


PHYSICAL  AND  MECHANICAL  PROPERTIES  OF  COAL  AND  THEIR 
INFLUENCE  ON  THE  GEOPHYSICAL  PARAMETERS  OF  ROCK  MASS 
A.D.AIexeev,  A.M.Bryukhanov,  S.D.Kerkez,  E.I.Pitalenko,  V.N.Revva, 
V.D.Snishko 

A.Galkin  Physico-Technical  Institute,  National  Academy  of  Sciences, 

Donetsk,  Ukraine 

The  metnods  of  active  control  of  the  stressed  state  of  a  rock  mass  in  the 
vicinity  of  a  working  to  provide  the  desirable  conditions  of  its  expioitation  are 
known.  The  one  of  then  which  is  brodly  applied  is  a  preliminary  humidifying  of 
a  coai  seam  by  a  water  soiution  of  a  surface-active  substance  (SAS) 
(Russia's  Patent 

No  2055216).  This  method  is  based  on  the  alteration  of  the  physicai  and 
mechanicai  properties  of  coal  due  to  the  intensified  growth  of  the 
microcracks.  Our  experiments  on  the  three-axis  compression  plant  (USSR 
Patent  No  1285340)  have  revealed  that  the  coal  subjected  to  such  a 
treatment  develops  the  plastic  properties  during  the  repeated  lowering  of  its 
strength  against  the  compression.  The  stresses  in  the  neighbour  rock  mass 
become  more  uniform  and  are  reduced  by  magnitude.  This  the  probability  of 
rock  destruction  around  the  working  envelope  is  reduced,  and  its  stability  is 
enhanced.  The  technique  and  equipment  for  the  coal  humidifying  as  well  as 
that  for  monitoring  the  efficiency  of  treatment  are  developed.  The  content  of 
water  is  estimated  by  the  amount  of  adsorbed,  i.e.,  chemically  bound  one. 
For  this  purpose  the  NMR  technique  is  used  and  a  portable  instrument  is 
designed.  The  seismographic  probing  is  employed  to  monitor  the  stressed- 
strained  state  of  the  coal  seam  near  the  working  envelope.  A  hole  10-15  m 
long  and  41  mm  in  diameter  drilled  in  the  coal  is  seismic  signals. 
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TIME-DEPENDENT  SWELLING  OF  MUDROCKS 
E.E.  Alonso,  A.  Gens  and  A.  Lloret 

Department  of  Geotechnical  Engineering  and  Geosciences.  Universidad  Politecnica 
de  Cataluna.  Barcelona.  Spain,  alonso@etseccpb.upc.es 

Long  tenn  swelling  strain  records  of  expansive  mud  rocks  exhibit  often  a 
characteristics  shape  which  is  conveniently  described  as  a  combination  of  primary 
and  secondary  phases.  These  features  of  material  behavior  and  current  concepts 
about  the  microstructural  arrangement  of  clay  rich  soils  and  rocks  have  guided  the 
development  of  a  model  based  on  two  levels  of  structure:  a  macrofabric  in  which 
capillary  effects  and  Darcy  type  of  flow  dominates  and  a  microfabric  in  which  basic 
interaction  between  minerals  and  individual  particles  are  responsible  for  the  intrinsic 
swelling  of  the  mudrock.  These  ideas  have  been  cast  in  a  mathematical  model  both 
from  a  hydraulic  and  a  mechanical  perspective.  Transfer  of  water  between  both  levels 
of  microslructure  has  been  postulated.  From  a  mechanical  perspective,  swelling 
strain  components  due  to  the  hydration  of  clay  minerals  have  been  added  to  the  strain 
field  induced  by  suction  charges.  These  two  constitutive  relations  have  been  included 
into  a  more  general  framework  for  stress  strain  behavior  of  partially  saturated 
geomaterials.  It  has  been  shown,  through  a  number  of  sensitivity  analyses,  that  the 
swelling  behavior  as  predicted  by  this  conceptual  model  may  be  specified  by  means 
ofa  reduced  number  of  dimensionless  parameters.  This  is  a  very  convenient  feature 
of  the  solution  which  helps  in  interpretation  of  laboratory  swelling  tests  (both 
conventional  and  suction  controlled).  The  model  outlined  has  been  applied  to  the 
derivation  of  basic  constitutive  parameters  for  a  hard  expansive  mud  rock  which  is 
part  of  the  foundation  of  a  nuclear  power  station. 


SOME  ASPECTS  OF  RELATIONSHIPS  BETWEEN  HYDRIC  AND 
MECHANICAL  PROPERTIES  OF  AN  ARGILLACEOUS  ROCK 

J.  Billiotte  (1),  J.Y.  Boisson  (2),  X.  Daupley  (1) 

(I)  CGI/Ecole  des  Mines  de  Paris,  (2)  IPSN,  Fontenay-aux-Roses 
billiotte @cgi.ensmp.fr/Fax  :  33-1.43.26.36.56 

The  importance  of  pore  water  on  clay  behaviour  is  obvious  even  in  the  case  of  very 
compact  shales.  In  the  framework  of  researches  relative  to  geological  wastes  disposal 
conducted  by  I.P.S.N.,  the  study  presented  is  based  on  experimental  results  obtained 
on  Toarcian  Toumemire  shales  (Aveyron,  France).  This  material  is  an  anisotropic 
argillaceous  rock  with  very  low  permeability  (I0'*‘  m’)  and  porosity  (<10%)  and 
exhibits  the  mechanical  properties  of  a  rock  (R^sBO  MPa).  The  influence  of  water 
potential  variations  on  some  aspects  of  the  shale  behaviour  has  been  investigated. 
First  of  all,  the  characterisation  of  hydric  transfers  has  been  determined  by  the 
application  of  a  large  range  of  suctions.  Associated  volume  measurements  allowed 
the  determination  of  the  swelling  and  shrinking  capacities.  In  this  condition,  the 
samples  behaviour  is  of  a  soil  type.  Then,  a  specific  experimental  device  was 
designed  to  obtain  the  swelling  pressure  under  -various  hydric  solicitations.  The 
results  show  that  the  swelling  pressures  are  low  (<0.6  MPa),  and  the  swelling 
process  is  reversible.  As  well,  free  swelling  rates  obtained  by  application  of  various 
salt  solutions  show  that  the  swelling  process  is  concentration  dependent  for  this 
particular  material.  This  indicates  the  existence  of  osmotic  phenomena.  Finally,  the 
measurement  of  coupling  coefficients  DyD,  shows  that  the  results  depend  on  the 
initial  hydro-mechanic  conditions;  for  in  situ  conditions  the  behaviour  is  of  a  rigid 
material  type,  and,  conversely,  the  behaviour  is  of  a  soil  type  for  a  loading  cycle 
beginning  with  a  stress  around  zero. 


COMPACTION  BY  SYNERESIS:  A  MECHANISM  FOR  THE 
DEVELOPMENT  OF  POLYGONAL  FAULT  SYSTEMS  IN  ULTRA 
FINE-GRAINED  SEDIMENTS 

Cartwright.  J.A.  and  Dewhurst,  D.N. 

Department  of  Geology.  Imperial  College  of  Science,  Technology  and  Medicine. 
E-mail:  j.cartwright@ge.ic.ac.uk  d.dewhurst@ge.ic.ac.uk 

Compaction  in  fine-grained  sedimentary  systems  is  universally  regarded  as  being 
dominated  by  gravitational  consolidation  during  shallow  burial.  It  has  recently  been 
proposed  that  some  fine-grained  sediments  contract  volumelrically  during  early 
burial  and  dewatering,  based  on  the  structural  analysis  of  polygonal  fault  systems 
in  Lower  Tertiary  claystones  of  the  North  Sea  Basin.  A  comprehensive  review  of 
27  other  compaction-related  fault  systems  was  undertaken  to  test  this  proposal.  In 
all  28  examples  of  layer-bound  compaction  faults,  the  deformed  units  were  found  to 
be  dominantly  composed  of  ultra-fine  grained,  marine  lithologies  (smectitic 
claystones  or  carbonate  chalks)  with  high  porosity  and  extremely  low  permeability. 
The  restricted  occurrence  of  this  type  of  deformaiional  response  during  compaction 
to  ultra-fine  sediments  is  taken  to  suggest  that  the  deformation  mechanism  is 
related  to  colloidal  properties.  By  analogy  with  well  documented  colloidal 
behaviour  in  such  diverse  systems  as  cheese  and  polymers,  we  propose  that 
polygonal  faulting  is  the  product  of  compaction  by  syneresis,  a  process  whereby 
pore  fluid  is  expelled  from  sedimentary  gels  under  the  spontaneous  action  of 
osmotic  or  electrochemical  forces,  rather  than  under  gravity  alone.  We  suggest  that 
the  end-products  of  this  type  of  compactional  behaviour  are  pervasive  and  areally 
extensive  fault  networks  in  low  permeability  depositional  systems. 


THE  EXTRACTION  AND  CHARACTERISATION  OF  PORE-WATER 
FROM  LOW  PERMEABILITY  ARGILLACEOUS  ROCK  SAMPLES 

M.  Cave  (1),  L.  Griffault  (2)  and  S.  Reeder  (1) 

(l)British  Geological  Survey,  Keyworth,  Nottingham,  United  Kingdom.  (2) 
ANDRA,  ChSlenay-Malabry,  France. 

m.cave@bgs.ac.uk/Tel:  +44-115-9363531,  Fax:  +44-1 15-936-3261. 

The  French  radioactive  waste  management  agency,  ANDRA,  have  been 
investigating  argillaceous  and  crystalline  formations  in  France  to  assess  their 
potential  suitability  for  the  deep  disposal  of  low  and  intermediate  level  radioactive 
waste.  One  site  at  Card  in  the  South  of  France  has  a  low  permeability  Vraconian 
clay  formation  of  moisture  content  generally  no  greater  than  10%  and  typically  less 
than  5%.  Hydrochemica!  characterisation  is  therefore  only  possible  by  studying 
residual  solutes  that  are  physically  extracted  from  pore-waters  in  preserved  clay 
cores. 

The  BGS  has  carried  out  a  number  of  studies  for  ANDRA  in  order  to  characterise 
the  chemistry  of  pore-waters  at  Gard.  Data  have  been  obtained  using  three 
methods:  (i)  mechanical  squeezing  of  pore-waters  using  a  hydraulic  press;  (ii) 
mechanical  squeezing  of  clay  material  in  which  the  natural  moisture  content  is 
increased  by  die  addition  of  distilled  water;  and  (iii)  aqueous  leaching  of  residual 
solutes  from  crushed  core  material.  Method  (i)  is  particularly  suitable  for 
mudrocks  with  natural  moisture  contents  greater  than  approximately  7%.  When 
the  moisture  content  Is  too  low  to  enable  direct  extraction,  methods  (ii)  and  (iii) 
have  been  applied. 

The  three  extraction  methods  have  been  applied  to  samples  obtained  from  two 
boreholes.  Examples  will  be  given  of  how  the  three  methods  have  been  used  to 
estimate  the  chemical  compositions  of  in-situ  pore-water  and  how  these 
compositions  can  be  used  to  estimate  in-situ  diffusion  coefficients  of  the  clay 
material. 


BEHAVIOUR  OF  COMPACTED  CLAY  UNDER  HIGH  GAS 
PRESSURE 

C.  Galle 

Direction  du  Cycle  du  Combustible  DESD/SESD  CEA  Saclay,  91191  Gif-sur- 
Yvette,  France,  galle@cea.fr 

It  is  well  established  that  during  the  disposal  lifetime  of  High-Level  Nuclear  Waste 
repository  in  a  deep  geological  formation,  gas  will  be  generated  mainly  by  the 
anaerobic  corrosion  of  metal.  For  the  French  disposal  concept,  gas  could  accumulate 
in  the  space  between  the  waste  steel  overpack  and  the  compacted  clay  barrier.  In 
order  to  characterise  the  behaviour  of  the  engineered  barrier,  the  French  Atomic 
Energy  Commission  (CEA)  has  carried  out  an  experimental  programme  on  gas 
migration  in  the  smcctiie-rich  (Fo-Ca)  reference  clay.  Gas  permeability  tests  were 
performed  on  clay  specimens  with  dry  densities  between  1.6  and  1.9  g.cC'  and  for 
water  saturation  degrees  between  70%  and  100%.  Gas  entry  and  gas  breakthrough 
pressures  were  also  measured  during  extended  gas  migration  experiments.  These 
threshold  pressures  are  probably  associated  with  the  creation  and  propagation  of 
preferential  pathways  governed  by  the  hydro-mechanical  properties  and  the  stress 
Slate  of  the  clay.  Complementary  work  was  performed  in  modelling  the  gas  pressure 
at  the  overpack-engineered  barrier  interface  and  in  comparing  it  to  the  gas 
breakthrough  pressure.  This  was  made  possible  by  integrating  the  results  of  recent 
studies  in  this  area  which  suggest  that  breakthrough  pressure  roughly  corresponds  to 
the  sum  of  clay  swelling  pressure  and  external  water  pressure.  The  conclusion  was 
reached  that  gas  breakthrough  pressure  and  estimated  gas  overpressure  in  the  near- 
ficld  of  the  repository  are  of  the  same  order  of  magnitude  and  that  gas  is  a  key  issue 
for  clay  engineered  barrier  performances  and  thus  for  disposal  safety. 


CONSOLIDATION-INDUCED  RADIONUCLIDE  RELEASE  FROM 
A  HLW  REPOSITORY  IN  THE  OPALINUS  CLAY  IN 
SWITZERLAND 

P.  Gribi*.  A.  Rivera',  J.  Schneider^,  and  P.  Zuidema* 

‘  Colenco  Power  Engineering  Ltd.,  Mellingerstrasse  207,  CH-5405  Baden, 
Switzerland,  gri@colenco.ch 

’  National  Cooperative  for  the  Disposal  of  Radioactive  Waste  (NAGRA), 

Hardstrasse  73,  CH-5430  Wettingen,  Switzerland,  schn@nagra.ch 

Nagra  is  investigating  the  feasibility  of  siting  a  deep  geologic  repository  for  high- 
level  waste  (HLW)  in  the  low  permeable  Opalinus  clay  formation  in  Northern 
Switzerland.  One  of  the  issues  in  the  performance  assessment  is  the  effect  of 
consolidation  of  the  Opalinus  clay  on  the  long-term  repository  safely.  Consolidation 
is  induced  by  future  glaciations  or  by  a  variation  of  the  thickness  of  the  overburden 
due  to  sedimentation  or  erosion.  As  a  result,  a  transient  groundwater  flow  occurs, 
leading  to  radionuclide  migration  from  the  repository  towards  the  higher  permeable 
formations  below  and  above  the  Opalinus  clay.  Preliminary  calculations  were  carried 
out  using  Terzaghi’s  linear  theory  of  reversible  consolidation  In  one  and  two 
dimensions,  with  the  objectives  of  i)  determining  the  time-dependent  Darcian  flow 
field,  ii)  estimating  the  radionuclide  migration  rales,  and  iii)  identifying  important 
parameters  by  performing  a  sensitivity  analysis.  The  model  domain  consists  of  a 
vertical  section  of  the  horizontal  Opalinus  clay  formation.  Radionuclide  migration  is 
calculated  by  considering  advective  transport  in  fractures  and  vertical  major  faults 
due  to  consolidation-induced  transient  flow. 
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CHEMICO-OSMOTIC  FLOW,  SWELLING  AND  HYDRATION  IN 
SHALES 

J.F.  Harrington  and  S.T.  Horseman 

Fluid  Processes  and  Waste  Management  Group,  British  Geological  Survey, 
Keyworth,  Nottingham,  NG12  5GG,  UK,  s.horseman@bgs.ac.uk 

Chemico-osmotic  flow  may  be  defined  as  the  movement  of  water  molecules  down 
the  chemical  potential  gradient  of  the  water.  This  flow  can  be  either  advective  or 
diffusive.  Since  the  chemical  potential  of  free  water  can  be  lowered  by  the  addition 
of  solutes,  osmosis  can  occur  when  two  aqueous  electrolyte  solutions  of  differing 
concentrations  are  separated  by  a  semipermeable  membrane.  Membrane  properties 
of  compact  clays  are  thought  to  be  due  to  electrical  restrictions  on  the  movement 
of  the  solute  ions  through  the  narrow  pore  spaces  between  negatively-charged  clay 
mineral  surfaces.  The  chemical  potential  of  water  can  also  be  lowered  by 
adsorption  onto  solid  surfaces.  Heat  is  given  off  by  the  exothermic  hydration 
reaction  and  the  water  undergoes  a  change  in  enthalpy.  Water  movement  from 
thicker  adsorption  films  towards  thinner  films  can  be  regarded  as  a  second  form  of 
chemico-osmosis.  These  concepts  are  illustrated  by  a  programme  of  experiments 
on  Opalinus  Clay  from  the  Jura  Mountains  of  northern  Switzerland.  Shale  discs 
were  equilibrated  with  an  NaCl  solution  under  triaxial  confinement.  Each  disc  was 
arranged  so  as  to  form  a  membrane  between  reservoirs  of  dilute  brine  and  distilled 
water,  with  the  two  reservoirs  at  the  same  pressure.  The  flux  of  water  was 
measured  with  great  precision.  The  system  exhibited  transient  flow,  accompanied 
by  swelling.  The  results  provide  indisputable  evidence  for  the  existence  of  an 
osmotic  flux  of  water  in  shale  membranes  subject  to  a  salt  concentration  gradient. 


Controlled  suction  oedometric  tests  on  Boom  clay 

F-X  Holvoet  ( 1 ).  G.  Volckaert(  1 ),  F.  Bemierf  1 ),  L.  Ortiz(  1 ) 

SCK(CEN,  Nuclear  Energy  Research  Establishment.  Waste  &  Disposal.  Boeretang 
200, 2400  Mol,  Belgium,  fholvoet@sckcen.be 

Boom  clay  is  studied  as  a  potential  host  material  for  high  level  radioactive  waste 
repository.  In  this  frame,  it  is  important  to  characterise  the  behaviour  of  this  material 
during  the  different  phases  of  a  repository  building  (excavation,  lining  installation, 
sealing).  Controlled  suction  oedometric  tests  have  been  done  to  obtain 
hydro-mechanical  parameters  of  unsaturated  Boom  clay.  These  tests  have  been  made 
on  fresh  Boom  clay  sample  and  on  compacted  dry  Boom  clay  powder,  and  they  will  be 
compared  in  this  paper.  The  sealing  phase  will  be  developed:  desaturation  of  the  host 
rock  due  to  high  suction  potential  of  the  sealing  material ,  increase  of  the  stress  due  to 
the  swelling  pressure  of  the  sealing  material.  Some  connection  will  be  made  with  the 
geomechanical  model  of  Alonso  and  Gens. 


AN  m  SITU  GAS  INJECTION  EXPERIMENT  IN  THE  MERCIA  LOCAL  OFFLOADING  OF  THE  OUTBURST-HAZARDOUS  COAL  SEAMS 

MUDSTONE,  KEYWORTH,  ENGLAND  BY  THE  PREPARATIONAL  WORKINGS 


I  F  Hairinptnn.  P.J.  Hooker  and  S.T.  Horseman 

Fluid  Processes  &  Waste  Management  Group,  British  Geological  Survey, 
Keyworth,  Nottingham,  NG12  5GG,  UK, 

J.hatrington@bgs.ac.uk/Fax:  +44  -1 15  9363261 

The  mechanisms  controlling  gas  migration  through  mudrocks  are  not  fully 
understood.  The  high  surface  area,  small  size  and  generally  uncemented  nature  of 
the  clay  particles  introduce  complex  reactions  including  physico-chemical, 
hydration  and  interfacial  phenomena.  These  forces  are  not  accommodated  in  current 
two-phase  flow  or  fracture  theory.  To  investigate  these  reactions  and  examine 
possible  scale  effects  between  laboratory  and  field  measurements  a  series  of  gas 
injection  field  tests  were  performed.  A  radially-configured  borehole  array  was 
drilled  in  the  top  4m  of  the  Mercia  Mudstone  Group  rocks  on  the  Keyworth  site. 
This  was  instrumented  with  tensiometers  at  distances  of  0.5,  1 .0  and  3m  away 
from  the  injection  device.  Prior  to  gas  injection  the  formation  around  the  injection 
piezometer  was  left  for  7  months  to  allow  re-equilibration  of  in  situ  stress  and 
groundwater  pressures.  During  injection  upstream  gas  pressure  was  monitored 
with  time  and  the  resultant  curves  were  found  to  be  very  similar  to  results  obtained 
in  laboratory  tests.  Gas  entry  was  associated  with  the  formation  and  dilation  of 
pre-existing  or  induced  pathways.  The  sudden  ingress  of  immiscible  gas  caused  a 
clear  hydrodynamic  signature  measured  spontaneously  in  all  tensiometers.  Gas 
flow  was  shown  to  be  pressure  and  flow  rate  sensitive  above  a  capillary  threshold. 
The  results  of  this  experiment  lead  us  to  question  the  validity  of  conventional  two- 
phase  flow  modeling  approaches  when  applied  to  compact  clay-rich  media. 


V.Ya.  Kostyrya,  A.V.Agafonov 

Makeyevka  Research  Institute,  Makeyevka,  Ukraine 

The  formahion  of  a  region  of  lowered  stresses  around  the  field  working 
depending  on  the  level  of  geostatic  stresses  and  physical  and  mechanical 
properties  of  the  enveloping  rock  is  discussed  together  with  its  possibility  to 
obtain  a  local  offloading  of  the  outburst-hazardous  coal  seams.  The  results  of 
the  analytical  studies  and  the  introduction  of  this  technique. 

The  offloading  effect  of  the  field  working  on  the  outburst-hazardous  coal 
■seams  in  the  mines  of  the  Central  Region  of  Donbas  was  used  during 
conducting  of  more  than  5000  m  of  breakage  workings  without  taking  the 
preventive  antioutburst  measures. 


ION  EXCHANGE,  WATER  UPTAKE,  SWELLING  AND  SWELLING 
PRESSURE  OF  MX-80  BENTONITE  IN  HIGH  SALINE  BRINES 

H.-J.  Herhertand  H.  Moog 

Final  Repository  Safety  Research  Division,  Gesellschaft  fur  Anlagen-  und 
Reaktorsicherheit  (GRS)  mbH,  Theodor-Heuss-Str.  4  38122  Braunschweig. 
Germany  ,hei@grs.de 

The  running  project  is  directed  towards  a  model  which  quantitatively  correlates  swel¬ 
ling  pressure,  the  amount  of  adsorbed  water,  and  brine  composition.  Assuming  that 
the  wateruptake  is  governed  by  the  ion  adsorption  from  the  salt  solutions  and  that  a 
positive  correlation  exists  between  the  interlayer  water  content  and  the  swetling 
pressure  an  experimental  programme  was  set  up  that  comprises  the  direct 
measurement  of  the  ion  exchange  equilibria,  the  amount  of  adsorbed  water,  the 
interlayer  swelling  and  the  swelling  pressure.  The  employed  teclmiques  will  be 
discussed  and  preliminary  results  will  be  presented.  These  results  show,  that  the 
water  uptake,  the  swelling  and  the  swelling  pressure  are  highly  influenced  by  the 
amount  of  Mg  in  the  brines.  The  higher  the  Mg  content  the  higher  are  the  interlayer 
spacings  and  the  resulting  swelling  pressures. 


COUPLED  TRANSPORT  PHENOMENA  IN  THE  OPALINUS 
CLAY  (SWTTZERLAND):  FIRST  ESTIMATES  OF  SOLUTE 
FLUXES 
J.  M.  Soler 

Paul  Scherrer  Iiistitut,  Waste  Management  Laboratory,  CH-5232  Villigen  PSI, 
Switzerland. 

josep.solerCpsi.ch/Fax:  [41]  56  310-28-21 

First  estimates  of  the  potential  role  of  several  coupled  transport  phenomena 
on  solute  and  fluid  transport,  in  the  context  of  a  high  level  waste  repository 
hosted  by  the  Opalinus  Clay,  have  been  made.  The  solute  fluxes  associated  with 
hyperfiltration,  chemical  osmosis,  thermal  diffusion,  and  thermal  osmosis,  have 
been  compared  to  the  fluxes  associated  with  chemical  diffusion  and  advection. 
These  estimates  suggest  that  thermal  osmosis  is  the  coupled  transport  mech¬ 
anism  that  could  have  a  strong  impact  on  solute  and  fluid  transport  in  the 
vicinity  of  the  repository,  even  under  the  low  temperature  gradients  expected 
at  the  time  of  waste  canister  failure  (t  ss  1000  y).  The  results  from  a  simple 
one-dimensional  transport  simulation  suggest  that  the  impact  could  become 
significant  it  the  thermo-osmotic  permeability  of  the  Opalinus  Clay  were  larger 
than  10"*^  m*/K/s. 
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VELOCITY  DEPENDENT  BEHAVIOR  OF  CLAY  GOUGE 

M.  Takahashi  (1,  2)  &  T.  Shimamoto  (1) 

(1)  Earthq.Res.  Inst..,  Univ.  of  Tokyo,  Japan,  (2)  Technology  Research  Center,  Japan 
National  Oil  Cooperation,  Japan 
lakhsi-m@jnoc.go.jp/Fax:+8 1  -43-276-4062 

Recent  stutfies  have  shown  that  even  small  amounts  of  weak  minerals,  like  clay  or 
phyllosilicates,  affect  fault  strength  significantly.  It  tends  to  be  lowered  toward  the 
strength  of  the  weaker  minerals.  Shearing  experiments  on  simulated  clay  gouge  0.5 
mm  thick,  between  three  blocks  of  granite,  were  employed  to  investigate  how  the 
mechanical  properties  of  faults  are  controlled  by  the  strength  and  behavior  of 
phyllosilicates.  A  biaxial  testing  machine  was  set  up  underroom  temperature.  10~50 
MPa  normal  stress  and  then  changing  ten  times  from  0.0014  ~  14  jim/sec  in  slip 
velocity.  The  samples  used  were  two  montmorillonites,  one  kaolinite,  and  one  chlorite, 
each  being  typical  of  each  clay  structure.  All  runs  suggested  linear  relations  between 
normal  stress  and  shear  stress,  that  indicates  the  friction  laws  were  followed.  However, 
especially  at  lower  velocity,  their  behavior  of  patterns  dd  not  follow  Dicierich’s 
frictional  constitutive  law.  Kaolinite  and  chlorite  gouge  showed  relaxation  behavior  at 
low  velocity  (<  0.14  jim/sec),  while  the  two  montmorillonite  gouge  indcated  strain 
haixfcning  so  estimating  the  dehydration  effect  of  absorbed  water  in  the  layers  of  the 
montmorillonite.  Addtionally,  we  observed  chlorite  gouge  behavior  indcating  both 
fiiction  and  flow  (intragrain  slip)  occurring  simultaneously.  We  propose  that  such 
differences  of  clay  behavior  occur  even  under  room  temperature. 


CHARACTERISATION  OF  ANION  DIFFUSION  IN  A  SILTITE 
FORMATION  (MARCOULE,  FRANCE)  :  THROUGH-DIFFUSION 
EXPERIMENTS  AND  INTERPRETATION  OF  IN-SITU  CHLORIDE  AND 
BROMIDE  PROFILES. 

E.  Tevissen  (1),  B.  Harmand  (1),  L.  Griffault  (1).  X.  Vitart  (2).  M.Cave  (3) 

(1)  ANDRA  Parc  de  la  Croix  Blanche,  1-7  rue  Jean  Monnet,  92298  Chatenay 
Malabry,  France  E-mail :  etienne.tevissen@andra.fr  Fax:  33  I  46  11  82  08  T61.: 
33  1  46  11  83  04  ;  (2)  CEA/DAMRI/SAR/SAT,  17  rue  des  Martyrs  -  38054 
Grenoble  Cedex  9  France  ;  (3)  BGS  Key  worth  Nottingham  NG  12  5GG  UK 

The  French  radioactive  waste  management  agency  (ANDRA)  has  been 
investigating  a  siltite  formation  at  Marcoule  (France).  The  very  low  permeability  of 
the  rock,  and  small  hydraulic  gradients  of  the  site,  make  it  likely  that  diffusion  is 
the  main  transport  phenomenon  governing  solute  movement  in  the  formation.  In 
order  to  study  this  hypothesis,  two  different  approaches  were  employed  to 
characterise  the  diffusion  properties  of  the  rock  : 

•  through-diffusion  experiments,  using  both  tritiated  water  (HTO)  and  iodide 
tracers,  were  performed  on  siltite  core  samples  from  two  boreholes. 

-  the  concentration  versus  depth  profiles  of  chloride  and  bromide  extractable  by 
water  leaching  of  borehole  siltite  samples  were  interpreted  using  a  pure  diffusion 
model.  The  initial  composition  of  the  pore  water  was  assumed  to  be  sea  water  and 
that  of  the  upper  and  lower  bounding  formations  to  be  freshwater:  the  starting  time, 
to.  was  set  equal  to  the  geological  age  of  the  formation  (100  My).  The  computer 
model  was  then  used  to  fit  the  experimental  chloride  and  bromide  profiles  by 
adjusting  (he  values  of  the  pore  diffusion  coefficients. 

Reasonably  good  agreement  was  observed  between  the  values  measured  in  the 
through-diffusion  experiments  and  those  obtained  by  fitting  the  extracted 
concentration  profiles. 


SE40  Petrophysical  control  of  anthropogenic  and 
natural  Earth’s  processes 

Convener:  Huenges,  E. 

Co-Convener:  Safanda,  J. 


THE  MONT  TERRI  UNDERGROUND  ROCK  LABORATORY  : 

A  NEW  INTERNATIONAL  RESEARCH  PROJECT  IN  SHALE 

M.  Thury*  and  A.  Gautschi** 

*SNHGS,  Swiss  National  Hydrological  and  Geological  Survey,  CH-3003  Berne, 
Switzerland,  Fax:  +41  31  324  76  81 

**Nagra,  National  Cooperative  for  the  Disposal  of  Radioactive  Waste,  Htudstr.  73, 
CH-5430  W’ettingen, Switzerland,  gautschi @nagra.ch.  Fax:  +41  56  437  13  17 

In  many  countries,  argillaceous  formations  are  considered  as  potential  host  rocks 
for  repositories  of  radioactive  waste.  Therefore,  in  1995  several  organisations 
decided  to  start  an  international  research  project  in  the  reconnaissance  gallery  of  the 
Mont  Terri  motorway  tunnel  in  a  Jurassic  claystonc/shale  formation.  The  project  is 
under  the  patronage  of  the  Swiss  National  Hydrological  and  Geological  Survey, 
partner  organisations  are  Nagra  (Switzerland),  ANDRA  and  IPSN  (France), 
SCK-CEN  (Belgium).  BGR  (Germany).  ENRESA  (Spain),  PNC  and  Obayashi 
(Japan).  The  aims  of  the  project  are  to  analyse  the  hydrogeological,  geochemical 
and  rock  mechanical  properties  of  an  argillaceous  formation  and  to  evaluate  and 
improve  investigation  techniques.  15  experiments  were  started  in  1996  in  64 
boreholes  of  maximum  30  metres  length.  Early  1998  a  new  gallery  of  250  m 
length  will  be  excavated  to  host  further  experiments.  Key  issues  addressed  in  the 
experiments  arc  solute  migration  mechanisms  (role  of  faults),  mechanical 
evolution  and  hydraulic  properties  of  the  excavation  disturbed  zone,  porewater 
e.xtraction  and  characterisation  techniques,  chemico-osmotic  and  thermal  effects, 
two-phase  flow  mechanisms  and  self-healing  mcchnisms  in  fractures. 


CLAY  INJECTION  INTO  NORMAL  FAULTS:  FIRST  RESULTS 
FROM  FINITE  ELEMENT  MODELLING 

W.  van  der  Zee  and  J.L.  Urai 
Geologie-Endogene  Dynamik,  RWTH  Aachen. 
w.2ee@ged. rwth-aachen.de/Fax:  +49  241  8888358 

Lateral  clay  injection  in  norma!  faults  in  layered  sand  -  clay  sequences  is  the  major 
process  by  which  unexpected  amounts  of  clay  can  be  added  to  the  fault  gouge  and 
change  the  transport  and  mechanical  properties  drastically,  We  present  the 
preliminary  results  of  geomechanical  modelling  using  the  finite  element  technique 
with  elasto-plastic  continuum  elements  and  interface  dements.  We  start  by 
assuming  the  presence  of  a  releasing  bend  in  a  clay  layer,  based  on  the  model  of 
Lehner  and  Piloar  (1997).  We  performed  2D  simulations  of  a  layered  sand-clay 
system  (where  the  sand  layer  is  always  stronger  as  the  clay  layer),  where  the  pre- 
existir)g  releasing  bend  in  de  clay  is  represented  by  interface  elements. 

First  results  of  simulations  with  drained  behaviour  show  that  the  criterion  for  the 
onset  of  clay  injection  can  be  given  by:  C=(rho*g*h*(  I  -sin  phi))/(2cos  phi),  where 
C  is  cohesion  (MPa),  rho  is  average  density  of  sand  and  clay  (kg/m'^S),  g  is  the 
acceleration  of  9.8 1  m/s^2.  h  is  depth  (m)  and  phi  (deg)  is  internal  friction  angle. 
The  extrusion  of  clay  exerts  a  drag  on  the  sandstone  adjacent  and  lowers  the 
horizontal  stress  in  the  sand.  Deformation  within  the  clay  layer  tends  to  be 
concentrated  on  the  sand-clay  interface. 

Further  work  will  concentrate  on  applying  these  results  to  more  complex  fault 
structures  ob-'^erved  in  nature  and  in  scaled  model  experiments. 


PETROPHYSICAL  PROPERTIES  OF  SANDSTONE  IN 
FACIES  AND  PALAEOTECTONIC  RECONSTRUCTIONS 

Inna  Y.  Chernova.  Nina  N.  Sidorova 
Kazan  Slate  University,  Kazan,  Russia 
geod(gpmkgu.kcn.ru/Fax:007-8432-320267 

Theoretical  dependence  of  sandstone’s  porosity  on  its 
natural  and  mineralogical  density  and  specific  surface  area  have 
been  studied  using  sandstones  from  the  Ufimian  Stage  of  the 
Permian. 

Correlation  between  calculated  and  experimental 
dependences  permitted  to  gain  information  on  average 
mineralogical  density  (sandstone  composition)  and  its  changes 
within  the  south-east  Tatarstan.  Russia,  pore  size  spectrum,  and 
spatial  grain  arrangement. 

The  study  resulted  in  palaeogeographically  important 
reconstruction  of  the  conditions  of  sandstones’  formation  (from 
wash-down  sources  to  the  hydrodynamics  of  sedimentation 
environment). 
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IN  SITU  THERMAL  CONDUCTIVITY  AND  ITS  IMPORTANCE  FOR  HEAT- 
FLOW  STUDIES:  AN  EXAMPLE  FROM  A  SEDIMENTARY  ENVIRONMENT 

A.  Forster’.  J.H.  Doveton^,  D.F.  Merriam^,  and  D.D.  Blackwell’, 
'GeoForschungsZentrum  Potsdam,  Germany:  ’Kansas  Geological  Survey, 
Lawrence,  KS,  USA;  ’Southern  Methodist  University,  Dallas,  TX,  USA 

In  the  US  Midcontinent,  the  sedimentary  succession  consists  of  lower  Paleo¬ 
zoic  carbonates  interbedded  by  a  Devonian-Mississippian  black  shale  unit 
and  overlain  by  a  thick  series  of  upper  Paleozoic  alternating  thin-bedded  car¬ 
bonates  and  shales.  The  fissility  of  the  laminated  shales  is  caused  by  the 
horizontal  orientation  of  clay  particles  and  impedes  vertical  heat  flow.  In  gene¬ 
ral  the  measurement  of  thermal  conductivity  (k)  for  shales  is  problematic 
using  the  chip  technique  because  of  no  way  to  evaluate  the  anisotropy  impact 
on  the  /rvalue.  In  our  study  the  cuttings  determined  /rvalues  for  shale  sec¬ 
tions  using  an  in  situ  porosity  of  10±5%  were  1 .8-2.25  W/mK  in  contrast  to  an 
heat  flow  inferred,  average  k  value  of  1 .1 8  W/mK.  We  show  that  k  values  (1 ) 
measured  on  cuttings  and  (2)  determined  from  a  suite  of  conventional  wireline 
logs  can  be  used  in  conjunction  with  a  precise  temperature  log  to  evaluate  the 
heat  flow  along  the  borehole  profile,  from  which  a  realistic  in  situ  /rvalue  for 
the  different  shale  units  can  be  inferred.  The  well-log  analysis  showed  that  a 
statistically  significant  equation  for  the  matrix  /rof  carbonates  was  computed 
from  a  multiple  regression  on  volume  of  shale  and  rock  density.  The  equation 
/r=  8.45  X  RHOmaa  -  4.64  x  Vsh  - 18.66,  based  on  the  laboratory  matrix  k, 
was  valid  as  shown  by  conversion  of  the  matrix  values  to  bulk,  in  situ  /rvalues 
and  by  modeling  similar  temperature-depth  curves  as  they  were  logged. 


ESTIMATING  FLUID  FLOW  BEHAVIOUR  IN  MID  -  CRUSTAL 
DEPTH  DOMAINS 

T.  Kohl,  L.  Rybach 

Institute  of  Geophysics,  ETH  HGnggerberg,  CH  8093  Zurich 
kohl@geo.phv.s.ethz.ch  /  Fax:  0041  1  633  1065 

In-situ  permeability  structures  at  greater  crustal  depth  can  be  generally 
only  assessed  indirectly  by  analysing  the  impacts  from  a  corresponding 
flow  field.  Fluid  flow  behaviour  is  strongly  dependent  on  the  state  of 
pressure  and  temperature  as  well  as  of  chemical  composition.  With  the 
intent  of  technical  application,  physical  chemistry  laboratories  have 
extensively  analysed  since  long  time  the  fluid  properties  under  various 
physical  conditions.  Application  of  their  results  allows  also  to  estimate 
the  behaviour  of  the  fluid  transport  properties  such  as  density,  dynamic 
viscosity  and  diffusion  coefficient  over  large  temperature  and  pressure 
ranges. 

In  the  presented  approach  the  impacts  on  the  flow  field  of  a  geophysically 
confirmed  (thermal)  anomaly  in  the  upper  mantle  are  investigated  by 
combining  the  non-linear  fluid  properties  with  measurements  of  rock 
properties.  The  anaiysis  is  grounded  on  near  surface  observations  of  the 
thermal  and  CO2  flux  fields  as  well  as  on  structures  highlighted  recently 
from  the  KTB  drilling  project.  It  is  especially  intended  to  elucidate 
possible  effects  on  flow  pattern  and  velocity  in  the  upper  and  mid  crust. 
The  implications  of  such  simulations  indicate  very  efficient  transport  of 
chemical  substances  over  large  horizontal  (i.e.  >20  km)  distances 
however  a  rather  limited  effect  on  the  temperanire  field. 


SE41  Electro-magnetic  and  electro-kinetic 
properties  of  rocks:  integration  of 
laboratory,  borehole  and  field 
measurements 

Convener:  Glover,  P.W. 

Co-Conveners;  Revil,  A.;  Stoll,  J.B. 


PERMEABILITY-POROSITY  RELATIONSfflP  FOR  SEDI¬ 
MENTARY,  IGNEOUS  AND  METAMORPHIC  ROCKS  ON 
THE  BASE  OF  FRACTAL  PORE  SPACE  GEOMETRY 

H.  Pane  f  1).  C.  Clauser  (2).  J.  Bartels  (2) 

(1)  Geodynamik,  Rheinische  Friedrich- Wilhelms-Universitat,  Nussallee  8, 

0-53115  Bonn, 

(2)  Geowissenschaftliche  Gemeinschaftsaufgaben  (GGA)  am  Niedersachsischen 
Landesamt  filr  Bodenforschung,  Stilleweg  2,  D- 30655  Hannover, 

e-mail:  Joem.Bartels@bgr.de 

Several  borehole  measurements  and  combinations  of  them  can  be  interpreted  for 
porosity  iji.  However  it  is  much  more  difficult  to  obtain  estimates  of  permeability  k. 
Although,  in  principle  permeability  may  vary  independently  of  porosity,  a  t  -  i|) 
relationship  can  be  established,  if  additional  information  of  the  pore  structure  is 
available.  The  approach  starts  from  the  KOZENY-CARMAN  equation,  which 
relates  permeability  to  porosity  41,  tortuosity  T  and  effective  hydraulic  pore  radius 
Using  fractal  models  of  the  pore  space  it  is  possible  to  replace  T  and  by 
functions  of  4),  where  the  fractal  dimension  D  of  the  structure  is  a  fundamental 
parameter.  The  result  is  a  general  permeability  equation  which  was  calibrated  for 
several  types  of  sedimentary,  igneous,  and  metamorphic  rocks.  These  relationships 
were  applied  to  aquifer  and  reservoir  sandstones,  and  to  the  gneisses  and  meta- 
basites  of  the  KTB  (Continental  Deep  Drilling  Program)  in  order  to  calculate  per¬ 
meability  logs  from  porosity  data. 


How  dilatant  is  rock  salt? 

T.  Popp  and  H.  Kem  (Mineralogisch-Petrographisches  Institut,  Olshau- 
senstr.  40,  24098  Kiel,  Germany) 

Salt  structures  are  primary  candidates  for  underground  cavities  or  ra¬ 
dioactive  waste  disposal  sites.  Although  dilatancy,  that  is,  the  opening  of 
microcracks,  is  most  important  for  the  transport  properties  in  rock  salt, 
little  is  known  about  its  effectivness  under  PT-conditions.  In  order  to 
investigate  the  deformation  behaviour  of  rock  salt,  combined  measure¬ 
ments  of  ultrasonic  P  and  S  wave  velocities  and  permeability  have  been 
performed  on  natural  core  samples  during  triaxial  deformation 
(compaction  and  extension),  ultimately  to  determine  the  boundary  betwe¬ 
en  the  dilatant  and  compressive  stress  domains  (’’dilatancy  boundary”). 
Measurements  on  intact  rock  salt  samples  give  extremely  low  permeabili¬ 
ty  values,  usually  below  the  resolution  of  the  test  system  («,1'*10^° 
m^).  At  confinining  pressures  <10MPa  and  deviatoric  stresses  exceeding  a 
critical  limit  the  deformation  in  rock  salt  is  accompanied  by  the  onset  of 
dilatancy  followed  by  a  permeability  increase  of  several  orders  and  a  coe¬ 
val  decrease  of  wave  velocities.  With  increasing  confinining  pressure  the 
effect  of  dilatancy  is  progressively  reduced  indicating  a  „brittle-ductile 
transition”  in  rock  salt. 


APPLICATION  OF  THE  NONLINEAR  IP  EFFECT  TO  DETECT 
MINERALIZED  SHEAR  ZONES 
J.  Bigalke  and  A.  Junge 

Institute  of  Meteorology  and  Geophysics,  R-ankfurt  am  Main,  Germany. 
bigalkeCgeophysik. uni-frankfurt.de/Fax:  [49]  69  798  23280 
Spectral  measurements  of  the  complex  conductivity  permit  the  determination 
of  electrochemical  parameters  of  rocks  in  dependency  of  the  mineralogical  com¬ 
position.  While  the  induced  polarization  (IP)  is  usually  treated  as  a  linear  pro¬ 
cess,  large  bodies  of  interconnected  electric  conducting  mineralizations  cause 
nonlinear  current-voltage-characteristics.  It  is  suspected  that  the  reasons  for 
this  behaviour  are  electrochemical  processes  on  the  surface  of  the  electric  con¬ 
ducting  material. 

Laboratory  measurements  confirm  this  effect:  When  a  monochromatic  peri¬ 
odical  current  is  injected  into  an  electrolytic  trough  containing  a  graphitic 
cylinder  as  electric  conductor,  significant  harmonics  of  the  fundamental  period 
are  observed  in  the  potential  differences  nearby.  This  method  of  the  spectral 
impedance  measurements  is  very  sensitive  and  permits  the  detection  of  the 
nonlinearity  at  relatively  low  current  intensities. 

The  nonlinear  IP  effect  was  also  observed  within  the  framework  of  a  field  survey 
at  a  drill-hole  near  Rittsteig  (Bavaria,  Germany)  indicating  a  steeply  inclined 
interconnected  electric  conducting  layer. 
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METHOD  OF  SEISMIC-ELECTRIC  EFFECT  USED  ON  REFLECTED 
WAVES. 

Anatoli  Boulvtchov.  Valeri  Koksharov, 

Institute  of  Geophysics,  SB  RAS,  Russia,  University  av.3,  Novosibirsk-90 
fax:+3832-350132,  e-mail:  koksh@geophys.nsk.su 

The  seismic-electric  effect  (SEE)  is  the  appearance  of  electric  field  tension  between 
two  points  where  the  gradient  of  pressure  exists  in  moister-saturated  porous 
rocks  along  elastic  wave  propagation.  SEE  nature  relates  to  electric-kinetic 
phenomena  in  binary  electric  layers  on  the  solid  /  liquid  interface.  For  the 
first  time  SEE  experiment  was  carried  out  on  reflected  waves  either  in  laboratory 
or  field  conditions.  The  source  of  elastic  waves  are  repeated  hammer 
blows  or  power  bimorph  piezoelectric  ceramic  impulses  of  1  kHz  major  frequency, 
receiver  -  electrodes,  following  with  electric  amplifier  and  refined  registering  device 
with  sensitive  magnetic  film.  Due  to  integral  SEE  value  formation  along  acoustic 
wave  propagation  the  SEE  signals  of  30-200  mkV  are  perfectly  distinctly  traced 
on  a  receiver  that  is  advantage  for  treatment.  The  method  worked  in  cases  of 
harsh  reflecting  frontiers  yet.  Depths  from  0,1  to  15  m  were  reached.  For  the 
first  time  the  method  was  successfully  applied  to  determine  the  thicknesses 
of  covering  sedimentary  layers  of  deep  cave  interior  and  to  outline  dome 
cavities  in  karst  massifs.  In  similar  difficult  attainable  places  the  method  is 
preferable  to  be  used  for  it  doesn’t  require  a  complex  apparatus. 


METHOD  OF  SEISMIC-ELECTRIC  EFFECT  USED  ON  REFLECTED 
WAVES. 

Anatoli  Boulvtchov.  Valeri  Koksharov, 

Institute  of  Geophysics,  SB  RAS,  Russia,  University  av.3,  Novostbirsk*90 
fax:+3832-350132,  e-mail;  koksh@geophys.nsk.su 

The  seismic-electric  effect  (SEE)  is  the  appearance  of  electric  field  tension  between 
two  points  where  the  gradient  of  pressure  exists  in  moister-saturated  porous 
rous  rocks  along  elastic  wave  propagation.  SEE  nature  relates  to  electric-kinetic 
phenomena  in  binary  electric  layers  on  the  solid /liquid  interface.  For  the 
first  time  SEE  experiment  was  carried  out  on  reflected  waves  either  in  laboratory 
or  field  conditions.  The  source  of  elastic  waves  are  repeated  hammer 
blows  or  power  bimorph  piezoelectric  ceramic  impulses  of  I  kHz  major  frequency, 
receiver  ■  electrodes,  following  with  electric  amplifier  and  refined  registering  device 
with  sensitive  magnetic  film.  Due  to  integral  SEE  value  formation  along  acoustic 
wave  propagation  the  SEE  signals  of  30-200  mkV  are  perfectly  distinctly  traced 
on  a  receiver  that  is  advantage  for  treatment.  The  method  worked  in  cases  of 
harsh  reflecting  frontiers  yet.  Depths  from  O.l  to  15  ni  were  reached.  For  the 
first  time  the  method  was  successfully  applied  to  determine  the  thicknesses 
of  covering  sedimentary  layers  of  deep  cave  interior  and  to  outline  dome 
cavities  in  karst  massifs.  In  similar  difficult  attainable  places  the  method  is 
preferable  to  be  used  for  it  doesn’t  require  a  complex  apparatus. 


ELECTRICAL  POTENTIAL  SIGNALS  FROM  ROCKS  UNDERGOING 
DEFORMATION  UNDER  SIMULATED  CRUSTAL  CONDITIONS 

O.C.  Clint,  P.R.  Sammonds,  S.  Yoshida  and  P.G.  Meredith 
Rock  &  Ice  Physics  Laboratory,  University  College  London 
p.meredith@uci.ac.uk  /  Fax:  +44-171-387-1612 

Electrical  potential  changes  measured  in  the  earth's  crust  have  been 
suggested  as  possible  precursors  to  earthquakes  and  volcanic  eruptions. 
Most  recently,  there  has  been  considerable  debate  on  the  significance  of  the 
predictions  made  using  the  VAN  method  in  Greece.  In  general,  there  has 
been  a  paucity  of  good  quality  data,  and  hence  the  mechanisms  generating 
the  electrical  signals  are  still  not  fully  understood.  Currently  proposed 
mechanisms  include;  electrokinetic  phenomena,  piezoelectric  effects  and 
contact  electrification.  We  present  results  from  laboratory  triaxial 
deformation  experiments  on  samples  of  sandstone,  basalt  and  limestone 
under  simulated  crustal  conditions  in  which  both  electrical  potential  and 
acoustic  emission  were  measured  simultaneously.  The  acoustic  emission 
signals  allow  us  to  track  how  electrical  potential  changes  as  deformation 
and  fracture  proceeds.  Our  results  show  that  clear,  precursory  electrical 
potential  signals  are  generated  during  these  experiments.  The  signals  are 
attributed  to  both  electrokinetic  and  piezoelectric  phenomena,  with  the 
electrokinetic  effect  appearing  to  be  the  dominant  generating  mechanism. 


ELECTROOSMOTIC  PHENOMENA  IN  POROUS  MEDIA 

D.  Coelho  (1),  J.-F.  Thovert  (2)  and  P.M.  Adler  (1) 

(1)  IPGP,  Tour  24,  4  Place  Jussieu,  75252  Paris  Cedex  05,  France,  (2)  LCD- 
PTM,  CNRS,  SP2MI,  BP  179,  86960  Futuroscope  Cedex,  France. 

A  general  theory  of  electroosmotic  phenomena  in  spatially  periodic  porous  me¬ 
dia  was  developed.  The  electric  conductivity,  permeability  and  coupling  elec¬ 
troosmotic  tensor  coefficients  are  obtained  in  terms  of  solutions  of  several  trans¬ 
port  unit  cell  problems,  posed  for  the  linearized  electrokinetic  equations.  By 
means  of  a  consistent  application  of  the  homogeneization  methods,  the  Darcy- 
scale  equations  describing  the  electroosmotic  flow  in  a  spatially  periodic  porous 
medium  are  obtained.  A  numerical  code  has  been  built,  with  an  overall  preci¬ 
sion  better  than  a  few  percent,  when  the  double  layer  thickness  is  larger  than 
the  elementary  grid  size.  It  gives  reliable  results  in  the  mostly  unexplored  range 
of  Debye-Huckel  lengths  comparable  to  the  pore  radius;  hence,  the  results  are 
applicable  to  finely  dispersed  media,  such  as  clays.  Several  model  porous  me¬ 
dia  have  been  systematically  investigated,  including  regular  arrays  and  random 
packings  of  spherical  and  ellipsoidal  particles,  and  reconstructed  media.  A  new 
correlation  between  the  electroosmotic  coupling  coefficient  and  permeability  is 
proposed  for  thick  double  layers,  which  compares  successfully  with  experimen¬ 
tal  data. 


SEISMO-ELECTRIC  PROPAGATION  IN  POROUS  MEDIA: 
FIELD  EXPERIMENTS  AND  THEORETICAL  STUDIES 
S.  Garanibois  and  M.  Dietrich 
LGIT,  UMR  C5559,  Grenoble,  France. 

Stephana. GaraoboisOobs. ujf-grenoble.fr/Fax:  [+33]  4  76  82  81  01 

In  fluid-saturated  porous  media,  various  couplings  between  mechanic  and  elec¬ 
tromagnetic  energy  may  occur.  An  interesting  type  of  coupling  is  produced  by 
seismically  induced  electrokinetic  effects  in  the  seismic  prospecting  (0-100  Hz) 
frequency  band.  These  effects  can  be  observed  with  electric  dipoles  connected 
to  a  standard  multichannel  seismic  acquisition  system.  Field  experiments  car¬ 
ried  out  over  a  shallow  aquifer  show  that  the  dominant  seismo-electric  effect 
recorded  at  the  surface  is  an  electric  field  accompanying  the  seismic  waves  with 
significant  contributions  of  surface  waves. 

In  order  to  improve  our  understanding  of  seismo-electric  effects  and  investi¬ 
gate  their  potential  for  the  detection  and  characterization  of  fluids  at  shallow 
depth,  we  have  extended  the  generalized  reflection  and  transmission  matrix  sim¬ 
ulation  method  to  account  for  the  coupled  seismic  and  electromagnetic  wave 
propagation  in  layered  porous  media.  Our  computer  code  is  based  on  Pride’s 
macroscopic  governing  equations  which  couple  the  Biot  theory  and  Maxwell 
equations  via  transport  equations.  This  simulation  program  is  especially  use¬ 
ful  to  study  the  sensitivity  of  the  electric  fields  and  electromagnetic  waves 
converted  at  depth  to  the  physical  and  chemical  properties  of  porous  media, 
notably  the  characteristics  of  the  fluid  phase. 


UESUI/rS  OF  FIELD,  BOREHOLE  AND  LABORATORY  ELEC¬ 
TROMAGNETIC  MEASUREMENTS  IN  AN  OII.-GAS  DEPOSIT  IN 
NORTHERN  UKRAINE 

A.I  Ingcrov  (1.2),  V,V.  Belyavsky  ( I ),  A,V.  Antsillrnvd) 

Y,T.  Vlasov  (2).  V.P.SoIdatcnco  (2).  M.  Rokityansky  (2) 

(IlGcoIogical  Research  Institute,  Donetsk 
(2)(icophys}cal  Research  l.aboralory,  «Slavuta»  Co 
Karl  Marx  Ave  .DriicpropcItovsk,  320044.  Ukraine 
icl/fax.:  -t38-0.^f>2  R-mail:  root  @  slaviita  dncpropctrovsk.iia 

'Ihc  sludy  area  was  40X20  km  large  in  northern  board  part  of  Dnieper- 
Donetsk  Depression.  IJic  main  part  of  field  prospecting  by  M  I  S.  I'DRM  and 
IP  wtLs  made  before  drilling  i.c.  vsilhoiU  distortions  from  boreholes.  Results 
of  the  field  liM  data  interpretation  were  used  for  borehole  site  choo.sing, 
lileclrical  logging  yields  variability  of  longitudinal  pi  and  transverse  p„  ap¬ 
parent  olocirieal  resistivity  in  14  stratigraphic  horisons  IVoiii  one  borehole  to 
another  Analysis  of  all  the  data  proves  that  the  presence  of  oil  and  gas  in¬ 
creases  pi  at  !0-.30%.  p„  -at  10-50%,  anisotropy  pi /p„  at  10-150%,  The 
changes  are  luMiceablc  Ibr  field  prospecting.  I'M  techniques,  that  was  practi¬ 
cally  ciMdlnncd  by  a  dclailttig  field  survey.  I  ligh  resolution  of  FDIiM  is  pro¬ 
vided  by  a  relative  method  of  phase  measurements  an  original  technique  of 
.subsurface  inhomogenieties  accounting. 
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STREAMING  POTENTIAL  MEASUREMENTS  ON  VOLCANIC  SAMPLES. 
L.  Jouniaux  (1)  and  ML  Bernard  (2) 

(1)  E.  N.  S.,  Dpt  T.  A.  O.  (CNRS-URA1316),  24  rue  Lhomond,  75005  Paris, 
France,  (2)  Laboratoire  de  G6omatdriaux  (CNRS-URA  734),  I.  P.  G.,  4  place 
jussieu,  75005  Paris,  France. 

jouniaux@magnetit.ens.fr  and  inlbemard@ipgp.jussieu.fr 

Geohysical  phenomena  prior  to  volcanic  eruption,  particularly  changes  of  self¬ 
potential  or  magnetic  field,  have  been  observed  in  volcanic  area.  Laboratory 
measurements  were  performed  in  the  scope  of  using  electrokinetic  phenomena  to 
monitor  the  processes  of  fluid  flow  occurring  during  volcanic  activity. 

The  streaming  potential,  due  to  fluid  circulation,  was  measured  on  intact  saturated 
samples  fi-om  Montague  PeI6e  volcano.  It  was  found  to  be  proportional  to  the 
driving  pore  pressure. 

Streaming  potential  and  electric  conductivity  have  been  measured  in  laboratop^  on 
12  samples  of  permeability  ranging  from  146  i  10  m  to  34  x  10  m . 
Measurements  showed  electrokinetic  coefficients  in  the  range  -1.3  to  -109.8 
mV(MPa.n.m) ".  Streaming  potential  has  been  found  to  depend  on  transport 
properties  as  permeability  and  formation  factor,  although  such  a  dependence  is  not 
described  in  theory.  This  dependence  is  not  induced  by  a  surface  conductivity,  and 
various  global  zeta  potentials  from  -1.9  mV  to  -156.9  mV  depending  on  rock 
consolidation  would  be  required  to  explain  such  transport  properdes  dependence. 


THE  POSSIBLE  JOINT  APPEARANCE  OF  PRE-SHSMIC 
GEOCHEMICAL  ANDGEOEIJECrRICALAN(»4AlJES  IN 
TECTONICALLY  ACTIVE  AREAS 

Giovanni  MartineUi* 


Uteiature  data  and  direct  experimental  evidences  re^rt  about  the 
contemporaiv  possiUe  reooiding  of  precursoty/coseismic  phenomena 
geodemically  arid  geophysically  geneiated.I>rep  seated  fluids  can 
generate  geochemical  and  ceophysical  anofnalies  when  di^aced  by 
thennally  or  mechanically  induced  gradieiits.Electiokinetic  processes 
can  explain  a  consistent  part  of  the  observed  self  potential  {dienomena. 

Fluid  motion  laws  can  -i— — — j  i 


leochemical 

anomalies  if  chemical  reaction  rulM  are  ooRSidered.GiIfetent  behaviour 
in  laboratory  experiment  have  been  observed  in  flui^  able  to  generate 
geochemi^  and  geoelecirieal  anomalies  in  coimect^on  with  pH 
changes.The  observed  behaviour  can  be  potential  ly  i^ul  in  field  data 
interiMetation  when  fluid  carrier  is  dominated  by  CCnJVissible  anomaly 
generator  geochemical  reactions  are  discussedlt  turns  out  to  consider 
essential  to  simultaneously  monitor  geoelectrical  and  geochemical 
parameters  in  earthquake  precursory  related  researcks 


CONCLUSIONS  FROM  MULTICHANTiEL  ELECTRICAL  RECORDINGS 
IN  A  STANDING  TREE 

A.  Koppdn  (1),  L.  Szarka  (1,  2),  V.  Wesztergom  (1,  2) 

(1)  Sopron  University,  Hungary,  koptMn(g;ggki.hu/Fax:+36-99-313267,  (2) 
Geodetic  and  Geophysical  Research  Institute  of  the  Hungarian  Acedemy  of 
Sciences,  Sopron,  Hungary 

In  this  paper  eight-channel  electric  data  series,  have  been  recorded  for  about  one 
year  by  using  small-size  stainless  steel  electrodes  in  a  trunk  of  an  AustrianfTurkey 
oak  tree  (Quercus  cerris)  standing  in  the  Nagycenk  Geophysical  Obsenatory  are 
presented.  The  electrodes  are  situated  at  two  height  levels  (4m  and  6m)  and  in  four 
directions  (N,  E,  S  and  W)  of  the  about  50  years  old  tree.  At  the  observatory  all 
important  environmental  parameters  are  continuously  measured,  so  the  reaction  of 
the  tree  to  any  change  in  environmental  parameters  can  be  directly  seen.  The 
existence  of  a  sinusoidal  variation  of  a  period  of  one  day,  detected  at  first  by  Moral 
P.,  Le  Mouel  J-L.,  Granier  A,  1994,  Compte  Rendu.  Life  Sciences,  317,  98-101) 
has  been  confirmed  and  studied  in  details.  Its  seasonal  amplitude  variation  seems  to 
be  in  a  close  relationship  with  the  sap-wood  activity  of  the  tree.  The  observed  phase 
shifts  between  different  channels  refer  to  the  complexity  of  the  phenomenon.  The 
main  question  is  whether  the  sap-wood  movement  within  the  tree  can  be  estimated 
by  using  an  electro-kinetic  approach. 


ON  THE  PIEZOELECTRIC  PROPERTIES  OF  ROCKS,  ORES 
AND  MINERALS 

NEISHT.ADT,  Nahum  M.  (Dept,  of  Geophysics,  Tel  Aviv  University,  Ramat 
Aviv  69978.  Tel  Aviv,  Israel) 

The  classification  of  rocb,  ores  and  minerals  in  according  to  their  piezo¬ 
activity  is  presented.  This  classification  based  on  the  long-standing  study  of 
piezoactivity  of  ore-quartz,  pegmatite,  galenite-sphalerite  and  other  deposits. 
There  were  revealed  four  main  groups:  (1)  high-active  -  the  value  of 
piezoactivlty  (d)  of  rock,  ore  and  minerals  is  more  than  5.0  •  10~^^  C/tV ;  (2) 
medium-activtte-  0.5  ■  10-*“  C/N  (0.5  •  10-‘“  <  d  <  5.0  ■  10-'“);  (3)  slightly- 
active  -  d  <  0.5  •  10“*“  C/N',  (5)  non-active  -  d  a  0.  The  laboratory  and  field 
measur-  ements  of  samples  veii^  the  regularity,  fixed  before.  For  example,  the 
greater  sizes  of  minerals’  grains,  the  higher  its  piezoactivity  and  on  the  contrary. 
The  measurement  of  piezoelectric  activity  of  samples  of  quartz  pennits  to. 
carry  out  genetic  classification  of  different  types  of  ore-quartz  deposits.  The 
most  extensive  group  of  all  investigated  deposits  is  a  gold-quartz  one.  The 
values  of  piezomodules  on  those  deposits  ate  changing  over  the  broad  band. 
High  values  of  piezomodules  were  registered  for  the  gold-quartz  deposits  of 
mesotbermal  type,  where  they  reach  35.0‘10-*“C/N.  Epithermal  deposits  have 
usually  low  piezoactivity.  The  pegmatite  deposits  are  presented  by  three  types; 
crystallocarrying,  laremetallic  and  micacartying.  The  piezoelectric  activity  of 
polymetallic  and  apatite-nefeline  deposits  is  also  given. 


STREAMING  POTENTIAL  MEASUREMENTS  WITH  CRUSHED  ROCK 
SAMPLES  AND  ROCK  SAMPLES  DURING  DEFORMATION  AND 
RUPTURE 

Benoit  Lorne(l),  Frdderic  Perrier(l)  and  Jean-Philippe  Avouac(l) 

(1)  Laboratoire  de  Gcophysique,  Commissariat  h  I'Energie  Atomique,  BP12,  F-91680 
Bruybres-ie-Chatel,  France 

The  ^  potential  has  been  measured  with  crushed  rock  samples  as  a  function  of  pH 
and  electrolyte  concentration  for  various  salts.  The  measured  value  for  emshed 
Fontainebleau  sandstone  at  pH=5.7  and  an  electrolyte  resistivity  of  400  flm  was 
found  to  be  -47  mV.  The  ^  potential  has  been  observed  to  be  sensitive  to  the 
valence  of  the  ions,  and  is  approximately  reduced  by  the  charge  of  the  cation. 
The  set  of  empirical  laws  derived  from  our  measurements  can  be  used  to  assess 
the  magnitude  of  the  streaming  potentials  expected  in  natural  geophysical 
systems. 

Streaming  potentials  and  resistivity  measurements  have  been  performed  on 
Fontainebleau  sandstone  and  Villejust  quartzite  samples  in  a  triaxial  device 
during  compaction,  uniaxial  compression  and  rupture.  Measurements  on 
individual  samples  do  not  show  any  clear  intrinsic  dependence  of  the  streaming 
potential  coefficient  on  permeability.  An  apparent  dependence  of  the  streaming 
potential  coefficient  with  permeability  is  however  observed  during  compaction. 
Before  rupture,  an  increase  of  the  streaming  potential,  associated  with  the  onset 
of  dilatancy,  was  observed  for  three  samples  of  Fontainebleau  sandstone  and  one 
sample  of  Villejust  quartzite.  Consequences  for  the  observation  of  streaming 
potential  variations  before  earthquakes  are  discussed. 


CLASSIFICATION  OF  PIEZO-  AND  ELECTROKINETIC  PHE¬ 
NOMENA 

NEISHTADT,  Nahum  M.  (Dept,  of  Geophysics,  Tel  Aviv  University,  Ramat 
Aviv  69978,  Tel  Aviv,  Israel) 

The  results  of  investigations  of  piezo-  and  electrokinetic  potentials,  appearing 
in  rocks  under  the  action  of  elastic  waves  or  static  pressure  Me  presented. 
On  the  basis  of  long-standing  both  field  and  laboratory  investigations  carried 
out  in  different  geological-geophysical  conditions  a  new  classification  has  been 
proposed.  The  classification  includes;  (a)  electrokinetic  effect  (£),  resulting 
from  electrization  of  rocks  under  a  relative  displacement  of  soUd  and  liquid 
phases;  (b)  piezo-electric  effect  as  a  result  of  electric  polarization  of  piezoactive 
rocka;  (c)  near-shot  effects  occurring  in  a  zone  of  elastic  waves’  excitation  due 
to  the  breakage  of  rocks  and  ionization  of  the  products  of  explosion  and  air;  (d) 
effect  (/)  reveals  itself  in  the  change  of  the  strength  of  current  passing  through 
the  ground  owing  to  the  change  of  the  electroconductivity  of  cocks;  (e)  the 
total  manifestation  of  electrokinetic  effects  E  and  I  is  seen  in  twophase  media 
under  the  conditions  of  natural  and  Mtificial  electric  fields;  (f)  high-frequency 
impulsive  electromagnetic  radia  tion  due  to  polymetallic  ore  bodies  themselves. 
It  is  suggested  to  use  the  above-mentioned  parameters  in  applied  geophysics. 
The  piezo-  and  electrokinetic  phenomena  may  be  used  also  for  prediction  of 
earthquakes. 


ELECTRIC  POTENTIAL  VARIATIONS  ASSOCIATED  WITH  YEARLY 
LAKE  LEVEL  VARUTIONS 

Fr^diric  PeiTier(l),  Michael  Trique(l),  Benoit  Lorne(l),  Jean-Philippe  Avouac(l). 
Sophie  Hautot(2)  and  Pascal  Tarits(2) 

(1)  Laboratoire  de  G6ophysiquc,  Commissariat  h  I’Energie  Atomique,  BP12,  F-91680 
Bniyferes-le-Chatel,  France  (2)  University  de  Bretagne  Occidentale,  6,  avenue  Lc  Gorgeu, 
BP809,  F-29285  Brest.  France 

Electric  potential  variations  are  recorded  since  November  1995  at  14  measurement 
points  on  a  one-km  wide  ridge  separating  two  lakes  in  the  French  Alps.  The  levels 
of  the  lakes  vary  by  several  tens  of  meters  on  a  yearly  cycle,  inducing  stress 
variations  and  fluid  percolation.  The  measured  electric  potentials  are  observed  to 
be  stable  except  at  one  point  where  unambiguous  variations  as  large  as  120  mV  are 
observed  over  a  year,  linearly  correlated  with  the  levels  of  the  lakes,  with  a 
magnitude  of  2  mV  per  meter  of  water.  This  particular  measurement  point  lies  at 
the  edge  of  a  SP  anomaly,  which  supports  the  presence  of  a  localized  zone  of 
ground  water  flow  forced  by  the  lake  level,  suggesting  an  electrokinetic 
mechanism.  The  observed  correlation  implies  a  ^  potential  of  -6.6  mV  for  a  60  Urn 
electrolyte  at  25°C,  in  agreement  with  laboratory  measurements 


USE  OF  ELECTRO-KINETIC  PHENOMENA  FOR  MONITOR¬ 
ING  OF  MODERN  PROCESSES  IN  LITHOSPHERE. 

V.  A.  Shapiro  and  V.  V.  Kormiltsev 

Institute  of  Geophysics,  100  .Amundsen  Str.,  Ekaterinburg,  620016  Russia. 
sevaqmaglab.raplik.ru/Fax:  [7]  3432  678  872 

Precision  total  force  permanent  magnetic  field  observations  were  organized  in 
two  different  regions  of  the  former  USSR  with  the  goal  of  study  the  modern 
geodynamic  processes  in  lithosphere.  The  first  area  is  seismically  active  regions 
of  Uzbekistan,  the  second  -  practically  aseismic  countries  of  the  Urals.  The 
data  of  Uzbek  network  of  35  permanent  protonmag  stations  were  successfully 
used  for  earthquake  prediction  while  Uralian  information  were  employed  for 
geotectonic  mapping  of  the  country.  Theoretical  calculations  of  electro-kinetic 
effects,  streaming  potential  and  investigations  electro-kinetic  properties  of  rocks 
in  laboratory  made  it  possible  to  construct  models  of  the  sources  of  observed 
anomalies  in  magnetic  field  and  received  the  model  field  pattern  very  close  to 
observed.  The  results  received  shoved  very  high  informativity  of  magnetic  and 
electro-magnetic  phenomena  for  monitoring  modern  lithospheric  processes. 


THE  ELECTRICAL  CONDUCTIVITY  OF  THE  CRUST 
IN  MACVA  AREA  (SERBIA)  AND  THEIR  CONNECTIONS 
WITH  TONALITE  AND  METAMORPHIC  ROCKS 

N.  Smilianid  f  11.  M.  Milivojevid  (2),  P.-A.  Schnegg  (3)  and  M.  Martinovid  (2) 

(1)  Geomagnetic  institute,  11306  Grocka,  Yugoslavia 

(2)  Faculty  of  Mining  and  Geology,  University  of  Belgrade,  Belgrade,  Yugoslavia 

(3)  Geomagnetism  Group,  University  of  Neuchatel,  Neuchatel,  Switzerland 
esmiljne@ubbg.etf  bg.ac.yu/Fax  +381-11-635-096 

Magnetotelluric  sounding  have  been  carried  out  in  Maiva  area  during  two  field 
campaigns  (1987, 1990)  and  their  results  have  been  used  to  construct  distribution  of 
conductivity  in  the  area.  These  distribution  shows  ring  like  structure  which  have 
been  interpreted  as  possible  structure  due  plutonic  body  (Fisher  at  al,  1988). 
Findings  of  the  tertiary  plutonic  rocks  of  tonalite  in  borehole  (in  the  center  of  area) 
at  a  depth  of  1335  m  partly  confirmed  this  interpretation.  We  study  possible 
connections  between  geological  and  geoelectrical  structure  as  well  as  petrological 
interpretation  of  conductivity  distribution  in  the  earth's  crust. 

Fischer  G.,  P.-A.  Schnegg  and  S  m  i  1  j  a  n  i  c  N.,  1988:  Magnetotellurics 
in  the  karst  geothermal  area  of  MaCva  in  Yugoslavia.  -  DC  Workshop  on 
electromagnetic  induction  in  the  Earth,  Sochi. 


STREAMING  POTENTIAL  MEASUREMENT  AS  A  PRECURSOR  TO 
FAILURE. 

J.  P.  Pozzi  and  L.  Jouniaux,  E.  N.  S.,  Dpt  T.  A.  O.  (CNRS-URA1316),  24  rue 
Lhomond,  75005  Paris,  France. 
jouniaux@magnetit.ens.fr  or  pozzi@magnetit.ens.fr 

Geophysical  precursors  to  earthquakes,  particularly  changes  of  electric  potentials, 
have  b^n  observed  in  seismic  area.  These  changes  could  be  explained  by  the  effects 
of  dilatancy,  caused  by  stress  variations  in  the  vicinity  of  the  source,  which  change 
the  cracks  and  fluid  distribution,  and  affect  the  resistivity,  the  permeability,  and  the 
streaming  potential.  The  streaming  potential,  due  to  fluid  circulation,  was  measured 
in  laboratory  on  intact  saturated  sediments.  It  was  found  to  be  proportional  to  the 
driving  pore  pressure.  The  electrokinetic  coupling  coefficient,  which  is  the  ratio 
between  the  streaming  potential  and  the  excess  pore  pressure,  was  found  to  be 
proportional  to  the  fluid  resistivity.  For  a  fluid  conductivity  of  W"  S/m,  this 
coupling  coefficient  varies  from  10  mV/0.1  MPa  to  6642  mV/0.1  MPa,  when  the 
permeability  varies  from  0.15  10  '*  m’  to  1220  10'“  m’. 

Fontainebleau  sandstone  samples  were  deformed  under  uiaxial  suess  up  to  failure 
with  water  being  made  to  flow  during  the  deformation.  The  main  variation  of  the 
electrokinetic  coupling  coefficient  was  a  large  increase  beginning  with  the  onset  of 
the  localization,  at  about  75%  of  the  yield  stress.  This  increase  was  thought  to  be 
due  to  an  increase  in  the  global  zeta  potential  in  the  shear  zone  when  new  cracks 
were  created  and  connected. 


Electrokinetically  Induced  Fluid  Flow  In  Porous 
Media 

Stefan  PreiB.  Frank  Timm,  Wolfgang  Czegka,  Ernst  Huenges,  Peter  M611er', 

'  GeoForschungsZentrum  Potsdam,  Telegrafenberg  A  17 
D-14784  Potsdam,  Germany 

preiss@gfe*potsdain.de;  czegka@gfe-potsdam.de;  timm@gfe-potsdam.de;  huenges@gfe- 
potsdam.de;  pcmoe@gfe-potsdam.de 

Can  gradients  of  electrochemical  potentials  mobilise  ions  and  induce 
large-scale  fluid  transport  in  rocks  of  low  permeability?  Our  approach 
to  this  question  is  the  determination  of  electrokinetic  coupling 
coefficients  by  measurements  of  streaming  potential,  electrophoretic 
mobility  and  electro-osmosis.  Surface  charge  density  is  determined. 
Sorption  processes  at  solid-liquid  interfaces  are  empirically  described. 
We  compare  results  from  micro-electrophoresis  and  streaming 
potential  measurements  with  observations  of  dipole-induced  redox 
potential  distribution  in  fluid-saturated  quartz  sediment,  in  which  fluid 
flow  is  induced  by  weak  electric  fields.  The  experimental  results 
exhibit  features  that  are  typically  observed  in  the  zonation  of 
alteration  halos  surrounding  porphyry  copper  deposits. 


STREAMING  ELECTRICAL  POTENTIAL  IN  POROUS  MEDIA. 
THEORY  AND  GEOTHERMAL  APPLICATION 

A.  Revilfl).  P.A.  Pezard  (1,  2)  and  P.W.J  Glover  (3) 

(1)  Laboratoire  de  Mesures  en  Forages,  BP  72,  13545  Aix-en-Provence, 

(2)  CEREGE,  13545  Aix-en-Provence,  BP  80,  Cedex  04,  (3)  Dept,  of 
Geology  and  Petroleum  Geology,  University  of  Aberdeen,  King's 
College,  Aberdeen,  AB24  3UE  Scotland. 

Streaming  potentials  are  increasingly  being  observed  associated  with 
hydrothermal  fields,  volcanic  activity,  and  areas  subject  to  earthquakes. 
Until  now  a  formal  theoretical  basis  for  predicting  streaming  potential  has 
not  been  available.  In  this  paper  we  develop  a  theory  that  allows  the 
streaming  potential  coupling  coefficient  of  granular  porous  media  to  be 
determined  as  a  function  of  pore  fluid  salinity,  temperature,  water  and  gas 
saturations,  mean  grain  diameter,  and  porosity.  The  theory  has  been 
tested  against  laboratory  data,  and  has  been  found  to  provide  a  good 
explanation  for  the  variation  of  streaming  potential  coupling  coefficient 
with  temperature,  grain  size,  and  the  influence  of  a  partial  saturation  of 
gas  in  the  pore  space.  The  new  theory  is  applied  to  geothermal  systems 
with  geothermal  convection  cells.  We  find  that  the  new  theory  provides  an 
explanation  for  the  presence  of  dipolar  spontaneous  potential  anomalies 
in  geothermal  fields,  and  an  explanation  of  the  observation  that  the 
negative  pole  of  the  anomaly  is  usually  more  intense  than  the  positive 
pole.  This  approach  is  also  able  to  predict  the  size  of  the  spontaneous 
potential  from  reservoir  characteristics.  It  follows  that  spontaneous 
potential  anomalies  measured  at  the  surface  of  an  hydrothermal  area 
appears  to  be  a  powerful  way  of  mapping  the  direction  of  subsurface 
flow,  and  to  delineate  convective  hydrothermal  cells. 
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SE42  Physical  properties  of  fault  zones 

Convener:  Willemse,  E.J. 

Co-Convener:  Sanderson,  DJ. 


i:i,!',(:TR!f:Ai.  ruopi.RTii'.s  or  dk.kp  rAiii.TS  on  tiif.  Ukrainian 
silir.l.l)  AND  I  TS  SI.OPKS. 

A.I.Itiycrov  (1.2).  A.I.  Anlsifirov(  O.V.V.Hclyavsky  (1). 

!.I.R<>kll\;»isky  (2).  V,V.Soldalciico(2).  Y.T.VIusov  (2).  O.Kusch  (3) 

( 1 )  (Jct'kjyical  Research  Inslilulc.  Dtinclsk 

(2)  (Icopliysical  Research  l.aboratory.  «Slavula»  ('o 
Kar!  MarN  Axe.,  Dniepropelrov.sk.  320044.  Ukraine 

lel/ras.:  1 3S-O.S62  47<'»-777.  R-mail:  rtxil  'o'  .slovula.dncpropelrovsk  iia 

(3)  «l  iknit^leycoloi^iao,  IXinetsk,  Ukraine 

The  used  data  include  thousands  of  MTS  and  FDCM  covering  several  dozens  of  dif¬ 
ferent  scale  fault  zones  on  the  prccambian  Ukrainian  shield.  The  preferable  azimuths 
of  conducting  fault  zones  are  17”,  315"  and  less  frequently  90".  The  MTS  curves  arc 
ililTercnt  for  every  laull  azimuth,  that  gives  ground  for  their  identification  by  UM 
data.  The  crosses  of  the  faults  arc  the  most  conductive  zones,  they  arc  also  most 
penetrable  for  fluids  and  enriched  by  mineral  deposits.  Mo.st  interesting  deep  faults 
are  descrihod.  Klrovograd-Krcmcnchug  regional  deep  fault  with  azimuth  17"  has  near 
(he  surfiice  the  width  of'-  1.5  km  and  resistivity  of  10-50  Olmini,  which  decreases  to 
1-5  Ohnvm  at  the  depth  10  km.  Ryasnopol  regional  structure  with  width  10-20  km  is 
an  example  of  faults  with  315"  azimuth,  Integral  longitudinal  cxmductiviiy  here  is  as 
high  as  5  000  Sm.  Dcvladov  super-regional  fault  crossing  all  Ukrainian  shield  (  azi- 
niulli  90"  )  lias  varying  conductivity  and  is  probably  connected  with  Donbass  electri¬ 
cal  ct>nifuctivity  anomaly  in  the  ea.st.  All  the  data  received  prove  very  high  possibili¬ 
ties  of  l-M  methods  in  the  detailed  study  of  fault  zones. 


Physico-Chemical  Fault  Sealing  in  Gouge  Rich  Experimental 
Fault  Zones:  A  Preliminary  Study. 

Michael.  A.  Kay;  Ian.  G.  Main;  Bryne.  T.  Ngwenya  and  Stephen. 
C.  Elphick. 

Department  of  Geolo|y  and  Geophysics.  University  of  Edinburgh, 
Wes!  Mains  Road,  Edinburgh.  EH9-3JW. 

Fault  Sealing  may  be  caused  by  a  number  of  mechanisms,  for  example; 
physical  (e.g.  Cataclasis);  chemical  (e.g.  Cementation)  and  physico¬ 
chemical  (e.g.  Pressure-Solution).  Althoush  these  processes  can  operate 
individually  (as  often  simulated  in  laboratoiy  experiments),  they  are  more 
likely  to  operate  together  in  nature,  depending  cn  pressure  and 
temperature  conditions  in  a  particular  geological  setting. 

Here,  we  present  preliminary  experimental  results  towards  an  integrated 
study  of  the  role  of  fault  zone  structures  (fault  gouge  statistics)  and  the 
ambient  environmental  conditions  on  fault  sealing.  Artificial  fault  gouges 
have  been  tested  in  the  laboratory,  both  at  room  temperature  and 
atmospheric  pressure  in  standard  batch  tests  (to  calibrate  pure  chemical 
eflects),  and  in  flow  experiments  at  pressure  and  temperature  in  artificial 
fault  zones.  Both  experiments  utilise  size-fractionated  as  well  as  bulk 
mixtures  of  quanz-feldspar  sandstone  powders,  from  which  contaminant 
fines  have  been  removed  using  a  new  technique.  This  allows  a  more 
accurate  measurement  of  gouge  surface  area  and  reaction  rates.  Rates  of 
precipitation  and  dissolution  are  monitored  by  analysing  for  silica  in  the 
fluids  for  a  range  of  realistic  particle  size  distributions,  using  High 
Performance  Liquid  Chromatography.  The  results  show  a  strong  grain  size 
dependence  and  also  point  to  the  need  for  more  careful  fines  removal 
techniques  prior  to  experimentation. 


BRITTLE-DUCTILE  TRANSITION  IN  NORMAL  FAULT  ZONES: 
IMPLICATION  FOR  FAULT  SEALING 

C.  Lanstgu  (1),  T.  Rives  (2),  J.  Van  Den  Driessche  (I),  R.  Zeliagui  (3) 

(1)  Geosciences  Rennes-  CNRS,  University  de  Rennes  1,  (2)  Elf  Exploration- 
Production,  (3)  Hydr'ASA,  University  de  Poitiers. 
Christophe.Lansigu(^univ-rennes!.fr/teI:  02  99  28  26 25 

Cataclastic  flow  and  fluid  interaction  mostly  produce  fault  gouge  in  the  brittle  upper 
crust.  We  have  examined  several  normal  fault  zones  with  vertical  throw  ranging  from 
one  to  several  tens  meters.  These  faults  result  from  extensive  tectonics  that  develop 
during  or  after  detritic  sedimentation  In  fluvial-deltaic  environment.  Lithology 
mainly  consists  of  sandstone  with  shale  intercalations  which  thickness  ranges  from 
several  centimeters  to  several  meters.  Structural  and  geochemical  analysis  show  that 
clay  content  within  fault  zone  results  from  two  major  mechanisms:  (1)  drag  of  clay 
layers  and  (2)  clay  minerals  crystallization  by  pressure-solution  process. 
Microstructures  that  develop  within  fault  gouges  strongly  resemble  to  that  occurring 
in  ductile  shear  zones.  These  microstructures  include  shear  bands,  pressure  shadows 
around  clasts,  rolling  structures,  crack  seal...  This  suggests  that,  after  rupture,  faults 
rapidly  behave  as  ductile  shear  zones,  where  pressure  solution  becomes  the  main 
mechanism  to  accommodate  deformation  and  displacement.  Increase  of  both 
deformation  intensity  and  clay  content  result  in  fault  cross-sealing.  An  attempt  to 
quantify  efficiency  of  fault  seal  as  a  function  of  fault  throw  and  lithologic 
components  is  proposed. 


Structure  and  Physical  Properties  of  the  Nojima  Fault  from 
Active  Fault  Drilling 

Ito,  H.  (Geological  Survey  of  Japan,  1-1-3  Tsukuba,  Ibaraki  ,305  Japan;  ph. 
-h81-298-54-3757;  e-mail  g0193@gsj.go.jp),Y.Kuwahara,T.  Miyazaki.  T. 
Kiguchi,  K.  Fujimoto,  T.  Ohtani.H.  Tanaka,  T.  Higuchi,  N.  Tomida  (Ehime 
Univ.)S,  M.  Agar(AMOCO),  A.  Brie,  H.  Yamamoto  (Sculumberger) 

After  the  1995  Hyogoken-nanbu  earthquake,  w  drilled  a  747  m  deep 
boreholes  into  the  Nojima  fault  and  conducted  experiments  in  the 
borehole.  The  drill  site  is  74.6  m  apart  from  the  surface  break  of  the  fault. 
Cores  were  recovered  for  almost  entire  depth  interval  from  150  m  to  746.6 
m.  The  stratigraphy  of  the  well  is  granodiorite  from  the  surface.  The  fault 
zone  is  characterized  by  altered  and  deformed  granodiorite  from  426  mto 
746.6  m,  with  fault  gouge  at  623.3  m  to  625.1  m.  The  fault  zone  has 
distinctive  low  resistivity,  density,  velocities  (both  P  and  S  wave;  more  than 
50%  decrease  at  the  fault  gouge),  and  high  porosity  and  high  Vp/Vs.  The 
borehole  observations,  such  asFMI  logging,  also  revealed  fine  structure  of 
die  Nojima  fault  that  corresponds  to  the  changes  in  the  degree  of 
deformation  within  the  fault  zone,  and  the  degree  of  deformation  is  more 
intense  in  the  hanging  wall  side  than  in  the  footwall  side  of  the  Nojima  fault. 
The  width  of  the  fault  zone  from  the  drilling  result  is  consistent  with  that 
estimated  from  the  trapped  wave  observations  at  the  surface. 

Permeability  distribution  in  the  fault  zone  were  evaluated  with  very  fine 
depth  resolution  from  the  tube  wave  analysis  and  Stoneley  wave  reflection, 
attenuation  and  slowness  analysis.  There  are  several  permeable  intervals  in 
the  fault  zone,  especially  below  the  fault  gouge.  The  fracture  distribution 
and  shear  wave  anisotropy  show  distinct  changes  within  the  fault  zone. 


FLUID  PRESSURE  IN  FAULTS  AND  PALEOSTRESS  QUANTIFICATION 
BY  THE  USE  OF  FLUID  INCLUSION  PLANES  (FIP). 

M.  Lespinasse.  M.  Cathelineau. 

UMR  7566  G2R.  BP  239.  54506  Vandoeuvre  les  Nancy,  France, 
lespinas^^lpesh.u-nancy.fr 

Most  fluid  migrations  in  rocks  are  favoured  by  fissure  permeability  which  forms 
during  brittle  deformation.  The  deformation  is  in  some  instances  related  to  fluid 
pressure  and  movement  of  faults.  Evidences  of  paleofluid  migration  through  the 
fractured  rock  may  be  very  scarce,  whatever  the  observation  scale,  when  little 
change  occurs  in  the  mineral  assemblages  resulting  from  fluid-rock  interactions 
(dissolution,  alteration,  new  crisiallization).  The  best  record  of  formed  fluid 
percolation  are  paleofluids  trapped  as  fluid  inclusions  in  healed  microcracks  of  the 
rock  forming  minerals  or  within  the  infilling  of  microstructures  (the  Fluid  Inclusion 
Planes,  FIP).  However,  the  repeated  microfracturing  and  healing  of  the  rock 
forming  minerals  yield  complex  superimposed  patterns  of  healed  microcracks.  Such 
patterns  are  often  difficult  to  interpret  due  to  the  lack  of  suitable  chronological 
criteria.  These  problems  have  been  recently  documented  and  solved  by  coupling 
deformation  studies,  detailed  examination  at  all  scales  of  the  relationships  between 
trapped  fluids  and  their  host  structures,  and  studies  of  fluid  inclusions.  Therefore, 
the  systematic  measurements  of  microstructural  marker  orientations  together  with 
detailed  fluid  inclusion  may  results  in  the  determination  of  fluid  pathways  and  the 
quantification  of  paleostresses  related  to  fault  movements. 
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FAWLT  ZONE  DYNAMICS  ANALYSIS  USING  THE  DANILOVICH 
METHOD 

RMiRlncishvili 

GcnlogicRl  Inttitutc,  Gcorcian  Academy  of  Sciences 
root@VG.i>ostnet.gc 

In  the  northern  part  of  Georgia  there  is  a  long-lived  fault  zone  controlling  the 
VnlMioklil  lead-rinc  deposit.  Tho  aone  has  liecn  made  of  hrniight  titgrihcr 
ruptures  of  four  orders.  'The  hierarchy  very  likely  reflects  a  succession  of  the 
•tnictnre  formation.  Each  relatively  minor  rupture  population  has  been 
emerged  and  developed  under  a  dynamic  influenee  of  more  large-scale  one(s), 
hence  the  zone  can  be  regarded  as  a  structural  paragenosl.s.  The  hanging  svull 
of  the  main  fault  Is  divided  by  the  second  order  faults  into  a  number  of  minor 
tectonic  blocks.  Stercographic  diagrams  of  the  fourth  order  ruptures  - 
fissures  arc  characterized  by  a  girdle-type  geometry,  that  have  been  used  to 
derive  the  spatial  dispositions  of  the  minor  block  displacement  lines  using  the 
Danilovich  based  technique.  The  lines  obtained  as  srcil  as  contemporary 
urrangement  of  rocks  suggest  that  during  common  downtvard  motion  of  the 
hanging  wall  its  separate  parts  -  the  minor  blocks  moved  diversely  along  the 
main  fault  differing  in  both  their  vertical  withdrawal  scale  and  sense  of 
strike  slip  component  (right-  or  Icft-lianded).  As  a  result  of  such 
displacements  tectonic  wedges  have  been  formed. 


The  prediction  of  fault  damage  zone  structures  using  strain  derived  from 
kinematic  modelling  at  a  potential  radioactive  waste  repository. 

T,A.Murray(l,2),  E.  Rigol(l) ,  P.A.  Griffiths(I),  R.J.  Osbourn,  S.J.  Kape(l)  and  F. 
Jaffri(l) 

(1)  Midland  Valley  Exploration,  Glasgow,  (2)Previous!y  Nirex,  Oxfordshire 
titus(g  mve.com/Fax +61  141  332  6792 

A  range  of  algorithms  is  available  to  apply  brittle  and  ductile  deformation  due  to 
faulting  and  folding  to  3D  geological  models.  The  change  in  shape  of  the  hangingwall 
is  used  to  derive  strain  during  structural  restoration.  Using  efficient,  non-elastic 
algorithms,  detailed/localised  strain  fields  can  be  derived  to  predict  the  nature  of 
internal  structures  and  extents  of  fault  damage  zones.  The  process  of  3D  restoration 
and  derivation  of  strain  has  been  conducted  for  a  model  (2.5km  x  2.5km  x  1 .5km)  of 
a  Potential  Repository  Zone  (PRZ),  at  Longlands  Farm  near  Sellafield  in  West 
Cumbria,  UK.  This  model  was  constructed  as  part  of  a  Site  Characterisation 
programme  conducted  by  Nirex  to  investigate  whether  the  site  could  be  suitable  for  the 
deep  geological  disposal  of  intermediate  and  low  level  radioactive  waste.  Strain  data 
derived  from  restoration  of  faults  at  a  100m  scale,  correlated  favourably  with  the 
deformation  associated  with  faults  seen  in  boreholes  (<tm  scale)  and  cross  hole 
seismic  tomography  (5*l5m  scale).  The  correlation  implies  that  the  smaller  faults  are 
part  of  a  damage  zone  developed  by  the  larger  fault.  This  in  turn  allows  the  nature  of 
the  internal  damage  zone  to  be  predicted  away  from  borehole  control. 


THE  INFLUENCE  ON  FAULT  PROPAGATION  OF  STRESS  SYSTEM  AND 
LAYERING 

D.C.P.  Peacock  ’  &  D.J.  Sanderson  ^ 

(1)  Rock  Deformation  Research  Group,  School  of  Earth  Sciences.  University  of 
Leeds,  Leeds  LS2  9JT,  U.K.  (2)  Geomechanics  Research  Group,  Department 
of  Geology,  University  of  Southampton,  Southampton  Oceanography  Centre. 
Southampton,  S014  3ZH,  U.K. 

A  range  of  fault  propagation  styles  are  described,  from  the  vein-dominated 
propagation  of  normal  faults,  through  the  shear  fracture  dominated  propagation 
of  strike-slip  faults,  to  the  pressure  solution  seam-dominated  development  of 
transpressional  shear  zones.  These  structures  reflect  extension,  approximate 
simple  shear,  and  transpression  respectively,  and  an  annulus  model  is  used  to 
illustrate  the  systematic  change  in  fault  propagation  style  as  the  stress  system 
varies.  The  relationship  between  stresses  and  layering  also  has  a  strong 
influence  on  the  propagation  style,  with  strike-slip  faults  in  vertical  beds 
propagating  in  a  similar  way  to  normal  faults  in  horizontal  beds.  Fault 
propagation  at  the  metre-scale  is  mainly  by  the  linkage  of  extension  fractures  or 
pressure  solution  seams,  while  propagation  at  large  scales  is  dominated  by  the 
linkage  of  fault  segments.  Factors  effecting  the  style  of  fault  propagation 
therefore  include  the  stress  system  and  layering,  with  lithology  and  pre-existing 
fractures  also  being  important. 


DAMAGE  AND  FLUID  FLOW  AROUND  NORMAL  FAULTS  IN  MULTILAYERED 
SEQUENCES 

David  J  Sanderson  &  Xing  Zhang 

Geomechanics  Research  Group,  Department  of  Geology,  University  of  Southampton, 
Southampton  Oceanography  Centre,  Southampton  S014  3ZH,  UK. 

The  kinematic  evolution  of  damage  zones  for  normal  faults  in  multilayered  sequences 
has  been  investigated  using  distinct  element  numerical  modelling,  UDEC.  Four 
situations  representing  a  fault  tip,  continuous  fault,  and  dilational  and  contractional  jogs 
have  been  modelled.  The  evolution  of  a  series  of  geometrical  and  mechanical 
features  (fault  slip,  block  rotation,  lateral  deformation,  fracture  aperture,  damage 
distnbution,  and  flow-rate)  are  compared  quantitatively.  Also,  the  stress  distribution 
and  resulting  damage  are  analyzed,  which  provides  some  explanation  of  how  damage 
zones  are  related  to  different  fault  geometries  and  stress  states. 

The  main  conclusions  from  the  models  are:  1)  Considerable  localization  of  the 
opening  of  fractures,  and  associate  fluid  flow,  results  from  fault  movement,  particularly 
at  fault  tips  and  in  association  with  jogs.  2)  The  geometry  of  the  fault  segments  and 
jogs  determines  the  general  pattern  of  damage,  with  distributed  damage  zones  at  fault 
tips  and  contractional  jogs,  but  more  localized  damage  at  pull-aparts  and  dilational 
jogs.  3)  Fluid  flow  is  highly  localized  within  the  damage  zone.  These  features, 
predicted  from  the  models,  are  compared  with  field  examples  from  Kilve,  Somerset, 
and  elsewhere. 


Ql/ASI-STATIC  MECHANICAL  PROPERTIES  OF  FAULTS 

W.  van  der  Zee  and  J.L.  Urai 

CeoJogie  •  Endogene  Dynamik.  RWTH  Aachen. 

'W.2ee@ged.rwth-aachen.de  J.Urai@ged.rwth-aachcn.de  Fax;  +49-241-8888.'<58 

Fauh  zones  cause  dramatic  discontinuous  changes  in  mechanical  and  transport 
IM-openies  over  shon  distances,  and  form  long-lived  networks  of  weakness  in  the 
lithosphere.  To  obtain  more  detail  in  Byerlec’s  law  at  low  pressures,  we  conducted  a 
literature  survey  focusing  on  the  mechanical  properties  of  fault  gouges  in  sand-clay 
sequences  at  depths  up  to  4  km.  during  slow-non  seismic  deformation.  The  faults 
considered  are  “mature"  faults  uneffected  by  diagenetic  strength  recovery,  with  a  slip 
of  more  than  I  meter,  when  a  true  steady  state  shear  strength  is  is  reached.  Most  of 
the  data  come  from  ring  shear  tests.  Because  cohesion  is  destroyed  by  fault 
movement,  strength  drop  in  a  fault  is  a  strong  function  of  the  cohesion  of  the 
country  rock.  Thus  the  most  imponant  parameter  to  characterise  mechanical 
properties  in  this  state  is  the  residual  friction  angle  Fr.  which  in  turn  is  controlled 
mainly  by  clay  content  and  clay  mineralogy  of  the  fault  gouge.The  residual  friction 
angle  can  be  as  low  as  5  degrees  for  pure  montmorillonite  with  a  very  high  surface 
area,  up  to  ^5  degrees  for  sand-rich  gouge.  Fr  is  a  weak  function  of  the  illite  and 
kaolinite  fraction,  and  the  chemistry  of  the  pore  fluid.  Only  the  residual  friction  angle 
of  montmorillonite  shows  a  significant  pressure  dependence.  Dilatancy  angle  in 
mature  fault  gouges  is  zero.  The  more  granular  gouges  (e.g.  kaolonite-rich)  show  a 
turbulent  mode  of  deformation  whereas  the  weak  platy  ones  deform  in  u  sliding  mode. 
Inversion  of  fault-slip  data  and  field  observations  of  landslides  field  observations  aK 
in  reasonable  agreement  with  laboratory  data,  indicating  that  the  residual  friction 
angle  is  not  strongly  rate-dependent  and  elastoplastic  constitutive  behaviour  is  a  good 
approximation  of  the  mechanical  properties  of  non-soismic  faults  in  the  upper  crust 


NORMAL  STRESS  CONTROL  ON  CATACLASTIC  ZONE 
DEVELOPMENT  AROUND  NEO-RUPTURED  FAULTS 

Christopher  Wibberlev'.  Jean-Pierre  Petit'  and  Thierry  Rives^ 

'Laboratoire  de  G6ophysique  et  Tectonique,  case  060,  University  Montpellier  li, 
Place  E.  Bataillon,  34095  Montpellier,  France,  wibbs@dstu.univ-montp2.fr 
petii@dstu.  univ-montp2.fr 

*Elf  Aquitaine  Research,  Av  Larribou,  64018  Pau,  France  Thierry.Rives@eIf-p.fr 

Experimental  rupture  of  sandstone  samples  under  shear  stress  was  undertaken  for  a 
range  of  normal  stresses  from  1 5MPa  to  87MPa.  Rupture  was  found  to  be 
instantaneous  to  the  naked  eye  for  the  lowest  norma!  stress,  descreasing  in  brutality 
with  increasing  normal  stress.  The  rupture  surface,  never  planar,  was  defined  in 
every  case  by  surfaces  gently  dipping  in  the  opposite  sense  to  the  opposite  block 
movement  direction,  linked  to  Riedel  surfaces  (dipping  towards  opposite  block 
movement)  whose  dip  increases  with  increasing  norma!  stress.  These  Riedel  faults 
continue  into  the  wall  rock  as  narrow  cataclastic  zones  of  variable  grain  size 
reduction.  The  following  Riedel  fault  properties  increase  with  increasing  normal 
stress:  1)  Their  average  dip  from  the  rupture  surface  (10®  to  60®).  2)  Their 
frequency.  3)  Their  connectivity.  4)  Their  thicknesses.  5)  Their  penetration  into  the 
wall  rock.  6)  Degree  of  bimodality  in  orientation  (higher  normal  stress  examples 
have  cataclastic  zone  geometries  consistent  with  Sibson’s  mesh  model  configuration 
linking  en  Echelon  fault  segments  across  a  dilational  jog).  In  summary,  lower 
rupture  brutality  yet  far  greater  cataclastic  damage  intensity  and  penetration  around 
the  rupture  zone  occurs  with  increasing  normal  stress. 
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TELLURIC  ANALYSIS  OF  DISTRIBUTED 
MAGNETOTELLURIC  IMPEDANCE  MEASUREMENTS 

R..T.  Banks  and  D.  Wright 

Dept,  of  Geology  &  Geophysics,  University  of  Edinburgh. 
Roger.Banks@ed.ac.uk 

The  normal  method  of  analysis  of  magnetotelluric  impedance 
tensors  treats  each  site  separately.  A  model  of  the  conductivity 
is  assumed,  for  instance  local  heterogeneities  causing  galvanic 
distortion  of  the  electric  fields  associated  with  a  regional-scale 
one-  or  two-dimensional  structure.  The  tensor  can  then  be 
decomposed  to  yield  information  on  the  regional  strike  and  local 
distortion.  When  it  is  rotated  into  the  regional  strike  coordinates, 
elements  in  the  same  column  share  the  same  (regional)  phase. 
These  elements  can  be  regarded  as  the  electric  fields  produced 
by  a  magnetic  field  either  parallel  or  perpendicular  to  the 
regional  strike.  If  a  group  of  MT  sites  share  the  same  regional 
response,  though  experiencing  different  distortions,  the  rotated 
electric  fields  plot  on  a  line  of  constant  phase  in  the  complex 
plane,  and  this  can  be  used  as  a  criterion  for  determining  the 
strike.  Maps  of  the  simulated  electric  field  can  be  used  to  assess 
both  local  and  regional  scale  structure.  This  approach  is  applied 
to  data  from  the  Kayabe  geothermal  area  in  Japan. 


SOLVING  OF  THE  INVERSE  PROBLEM  FOR  DEEP  ELECTRICAL 
SOUNDINGS  IN  THE  REGION  OF  LAKE  BAIKAL,  RUSSIA 

Yu  A  Dashevskii  ( Institute  of  Geophysics  SB  RAS,  Universitetskii  Prospect  3; 
Novosibirsk,  Russia;  ph.  +7-383-2-33-16-39;e-mail:  dashevsk@uiggm.nsc.ru); 

N.N  Nevedrova  (  Institute  of  Geophysics  SB  RAS,  Universitetskii  Prospect  3; 
Novosibirsk,  Russsia;ph.  +7-383-2-33-16-39;e-mail:  anton@geophys.nsc.ru); 

More  than  200  deep  Schlumberger  soundings  ( transmitting  dipole  was  as  much  as 
16  km  long)  were  used  to  solve  the  inverse  problem  within  the  Selenga  River  Delta 
(Lake  Baikal).  State  enterprise  IRKUTSKGEOFIZIKA  obtained  the  data  the  early 
fifties.  Geophysical  information  system  SONET-MAP  1.0  was  implemented  for  data 
processing  and  inversion.  On  the  basis  of  2D  mathematical  modelling  the  basic  types 
of  sounding  curve  distortions  have  been  revealed  and  analyzed.  Consider  tion  was 
given  to  the  practicality  of  ID  models.  Drilling  information  was  used  to  constrain 
inversion  and  thus  to  obtain  reliable  estimates  of  sediment  resistivity.  Three  types  of 
distortions  have  been  discovered.  Geological  considerations  allowed  to  propose  the 
most  simple  3D  models  which  can  clarify  the  distortion  patterns.  Distortton  of  D  type 
can  be  described  in  the  context  of  a  model "  horizontal  highresistivity  inhomogeneity 
in  a  halfspace".  Distortion  of  U  type  is  a  accompaniment  of  the  model  "step-fault  in 
a  resistive  basement''(center  of  survey  line  locates  above  the  descending  wing).  The 
ascending  flank  of  the  model  is  responsible  for  the  slope  of  the  curve  greater  than 
45  degrees.  The  preceding  model  also  governs  the  shape  of  the  curve  with  distortion 
of  B  type  (center  of  survey  line  locates  above  the  up-tending  flank)..  The  map  of 
basement  surface  includes  the  information  about  seismic  events  occurred  within  the 
region  in  a  time  1984  -  1990.  As  the  data  suggest,  several  epicenters  of  strong 
earthquakes  (energy  class  K  >  9.6)  locates  in  an  arc  near  the  west  upli  ted  block  of 
the  basement.  This  block  was  originally  discovered  during  the  presented  research. 
The  arc  received  the  name 
Tvorogovskaya  seismogeneous  arc. 


ANISOTROPIC  AND  DIMENSIONAL  CHARACTER  OF  MT  RESULTS 
FROM  SOUTHERN  PORTUGAL  USING  MOHR  CIRCLE  ANALYSIS 

F.W.  Jones,  University  of  Alberta,  Edmonton,  Alberta,  Canada  T6G  2JI 
E-mail:  wjones@terra.phys.ualberta.ca 
A.  Correia,  University  of  Evora,  Evora,  7000  EVORA,  Portugal 
E-mail;  correia@evunix.uevora.pt 

Magnetotelluric  (MT)  measurements  have  been  made  at  34  sites  in  southern 
Portugal  in  the  area  of  the  intersection  of  the  Messejana  fault  and  Ferreira-Ficalho 
overthrust.  A  2D  data  acquisition  strategy  was  used  so  that  the  interpretation  is  not 
restricted  to  2D  models  and  3D  characteristics  can  be  investigated.  Maps  of 
electrical  resistivity  at  several  depths  constructed  from  ID  models  fin*  the  34  sites 
show  a  complex  geoelectrical  structure  of  resistive  blocks  that  extend  to  great 
depths  and  which  are  separated  by  low  resistivity  zones  that  coincide  with  the  6ult 
and  overthrust.  Both  2D  and  3D  numerical  models  have  been  constructed  for  the 
area  and  results  from  these  models  have  been  compared  with  the  field  results.  Mohr 
circles  have  been  plotted  from  the  MT  impedance  tensors  for  the  34  sites  for  5 
periods.  Contour  plots  of  parameters  from  the  Mohr  circle  calculations  show 
distinct  differences  between  the  geologically  complex  Ossa-Morena  zone  to  the 
north  and  the  South-Portuguese  zone  to  the  south.  Both  anisotropy  and  skewness 
are  more  variable  and  generally  greater  in  the  Ossa-Morena  zone.  Furthermore, 
these  parameters  show  considerable  variation  with  period  in  their  spatial  character, 
indicating  that  both  the  anisotropy  and  dimensionalities  of  the  structures  vary  with 
depth. 


NEW  APPROACH  IN  3D  VLF-EM  DATA  REPRESENTATION:  EXACT 
LOCATION  OF  CAVITIES  IN  KARST  FORMATIONS  FROM  FIELD 
SURVEY 


T.  Bernard  (♦).  F.  Tressols  (*) 

(•)  Delta  Caps  International,  Nice-Fiance 
dci.info.infoni'Sjnfonie.fr/Fax:  +33  4  92  15  25  99 

In  the  aim  to  improve  the  safe  operation  and  economy  of  a  french  limestone  quarry 
site  located  in  karst  formations,  VLF-EM  survey  has  been  involved  to  detect  and 
locate  cavities  anomalies.  The  100  ha  investigation  zone  has  been  sampled  using 
10  m  step  profiles  irregularly  distributed  at  the  surface  Spatial  filtering  has  allowed 
to  reconstruct  the  third  dimension  in  depth.  Both  real  and  imaginary  data 
components  has  been  proeessed  to  point  out  the  heterogeneity  degree  of  the 
encountered  anomalies.  Interpolation  process  has  been  achieved  to  investigate  the 
whole  zone  from  the  2D  irregularly  distributed  profiles.  Moreover,  the  results  of 
the  already  done  drilling  have  been  correlated  with  the  VLF-EM  analysis  to 
determine  the  depth  and  the  equivalent  thickness  of  the  economically  exploited 
geological  level  (good,  weak  or  poor).  Three  main  conclusions  can  be  e.xtracted 
from  this  VLF-EM  experiment  survey.  (1)  The  sttongest  detected  3D  anomalies 
e.xactly  correspond  to  already  known  totally  empty  caves  encountered  by  the 
quarry  operators.  (2)  Processing  both  the  teal  and  imaginary  data  components 
leads  to  discriminate  the  already  empty  cave  from  the  favourable  dissolution  zone. 
By  the  way,  the  initial  goals  (s^ety  and  economy  aspects)  are  reached.  (3)  Recent 
developments  in  3D  processing  provide  3D  representation  to  exactly  locate  the 
anomalies  and  the  equivalent  thickness  of  the  economically  exploited  reef. 


3D  CONDUCTIVITY  STRUCTURE  OF  A  PLIO-QUATERNARY 
TECTONIC  BASIN:  THE  VILARI(;A  BASIN  (NE  PORTUGAL) 


Fernando  A.  Monteiro  Santos  (Universidade  de  Lisboa,  Centro  de  Geoffsica 
da  U.  Lisboa,  R.  Escola  Politecnica  58,  1250  Lisboa,  Portugal,  email 
dfams@fc.ul,pt) 

Hugo  Matias  (CGUL) 

Eugenio  Pina  Almeida(IPT  and  CGUL) 

Luis  Mendes  Victor  (U.L.  and  CGUL) 


The  Vilariqa  basin,  located  northeast  Portugal  astride  a  major  late-Variscan 
NNE-SSW  reactivated  strike-slip  fault,  is  an  excellent  example  of  interplate 
neotectonic  activity.  Fifteen  magnetotelluric  soundings  were  carried  out 
northern  of  the  tectonic  basin  with  the  objective  to  investigate  the  internal 
structure  of  the  basin  and  its  relationship  with  the  main  tectonic  accidents. 
The  magnetotelluric  data  were  acquired  in  four  frequency  bands,  from  180 
to  1/125  Hz.  An  analysis  of  the  impedance  tensors,  using  the  Groom-Bailey 
decomposition  technique,  allow  to  distinguish  two  main  regional  strikes  of 
N20E  and  N50-58E.  Using  three-dimensional  approach  a  model  for  the 
studied  region  was  constructed.  The  model  evidences  conductive  zones 
related  to  sedimentary  filling  and  an  increasing  of  the  resistivity  at  depths 
greater  than  2  km,  associated  with  the  Hesperian  basement  rocks. 
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PROCESSING  OF  NOISY  MAGNETOTELLURIC  DATA  WITH  THE  TWO 
SOURCE  METHOD:  AN  EXAMPLE  FROM  THE  SAXONIAN  GRANULITE 
MASSIF 

Oettinger.  G.” ,  Larsen,  J.  C.  ,  Haak,  V. 

”  GeoForschungsZentruin  Potsdam.  Germany 
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With  the  continuous  advance  of  human  beings  and  technology  into  all  parts  of 
Europe,  it  is  becoming  more  difficult  to  get  non-biased  magnetotelluric  (MT)  and 
magnetic  transfer  functions  from  the  recorded  variations  of  electromagneic  fields.  In 
the  year  1995,  time  series  recorded  along  a  profile  in  the  Saxonian  Granulite  Massif 
are  contaminated  by  strong  correlated  noise  signals,  and  robust  single-site  estimates 
of  transfer  functions  give  erroneous  results.  By  using  a  smoothly  varying  transfer 
function,  which  facilitates  identification  and  removal  of  electric  and  magnetic 
outliers,  and  by  simultanously  estimating  MT  and  cultural  noise  transfer  functions 
(Two  Source  Method),  we  succeeded  in  separating  the  time  series  into  MT  signal 
and  correlated  noise  signal. 

The  Two  Source  Method  requires  a  noise-free  magnetic  remote  site.  For  this, 
stations  from  a  simultanous  MT  campaign  in  the  Odenwald  (distance  350  km)  were 
available.  One  station  has  an  extremely  low  noise  level  and  it  proved  to  be  an  ideal 
remote  station.  We  also  tested  other  remote  stations,  consulted  additional  electric 
remote  sites  and  compared  the  results. 


NEW  PROCESSING  FOR  MAGNETOTELLURIC  REMOTE  REF¬ 
ERENCE  OBSERVATIONS 

O.  Ritter 
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Robust  estimates  of  magnetotelluric  and  geomagnetic  response  functions  are  de¬ 
termined  using  the  coherency  and  expected  uniformity  of  the  magnetic  source 
field  as  quality  criteria.  The  proposed  criteria  cause  data  rejection  based  on 
two  aspects:  (i)  if  horizontal  magnetic  field  components  between  two  sites  have 
low  coherencies  (coherency  criterion)  and  (ii)  if  the  response  functions  are  con¬ 
siderably  different  from  unity  (target  criterion).  Time  segments  with  inconsis¬ 
tent  horizontal  magnetic  field  data  are  thereby  removed,  leaving  a  reduced  but 
cleaned  data  set  for  the  final  robust  stacking.  The  method  is  applied  to  data 
sets  of  three  simultaneously  recorded  sites.  The  processing  results  show  that 
the  amount  of  noise  on  the  horizontal  components  of  the  magnetic  field  varies 
considerably  in  time,  between  sites  and  over  the  frequency  range.  The  removal 
of  such  contaminated  data  beforehand  is  essential  for  most  data  processing 
schemes,  as  the  magnetic  channels  are  usually  assumed  to  be  free  of  noise. 
The  standard  remote  reference  method  is  aimed  at  reducing  bias  in  response 
function  estimates.  However,  this  does  not  necessarily  improve  their  precision. 
With  out  method,  we  can  filter  out  source  field  irregularities,  thereby  provid¬ 
ing  suitable  working  conditions  for  the  robust  algorithm,  and  eventually  obtain 
considerably  improved  results. 


THE  METHOD  OF  C.ALCULATI.NG  THE  IMPULSE 
ELECTROMzkGNETIC  FIELD  O'VER  ARBITRARY  GEOELECTRIC 
SRCnONS 

L.M.^uravchak;  O.Va.S'apiiTfink 

CarpaStian  Branch  of  Subbotln  institute  of  Geophysics  XiSU,  3b,  Naukaa 
Str..  290601,  Lvfv,  IJkrame,  E-mail:  va®carp.tviv.ua 

impulse  Elcctiomegnetic  methods  are  widely  used  nowadays  to  soive 
niimfToiJS  stnictuial,  piospectiu"  and  rngineering-p-ological  problems.  But 
tlicii  matlienuUcal  substuitiitiou  k  lestriclcd  to  ID  liotizouhilly  kycietl 
and  asymmetric  sections  or  inchisions  of  lemilar  form  in  a  half-space 
Tlicicfoic,  elaboration  of  metliods  for  detemiiriing  nou-sUtionaiy 
electiomaeiietjc  fields  in  complex,  close  to  real  sectiores  is  of  paramount 
intcrca.  The  method  of  hoimbaiy  elements  comparatively  easily  modellins 
arbiuaty  including  curvilineat  invetiaces  of  layers  and  inclusions  with 
perrpnent  electric  characteristics  seems  to  be  suitable  for  this  purpose. 
Taking  into  account  impulse  character  of  field  geueiatipu  die  system  of 
maxwell’s  eolations  is  reduced  to  parabolic  and  hyperbolic  equations  for 
tlic  conducting  medium  and  an  upper  insulaloi  (air),  lespectivelj.  To  solve 
the  Imunbary  problem  interfaces  are  divided  into  boundary  elements  with 
fictitious  current  sciuices  of  power  determined  using  tlie  collocation 
methods  and  methods  of  stepwise  change  of  time.  Numerical  exaaiples 
confirm  expediency  and  efficiency  of  boundary  clement  techniques  in 
dcteimining  impulse  eiectiomagnctic  fields  in  complex  geoclectiic  sections 
both  for  choosing  rational  systems  of  field  observation  and  more  reliable 
Iritcrprclaiiou  of  dala  ubtairied. 


EI.ECTROM.AGNETIC  INVESTTGATIONS  OF  DYN.AMICS  OF 
TECHNOGENIC  PROCESSES  IN  MLNE  FIELDS  AND  IN 
HYDRAULIC  ENGINEERING  WORKS 

VJ  Shamotkp,  Ya.S  Sapi4?}iak.  S.A.De^chytsyn 
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The  problem  of  studying  die  dynamics  of  technogenic  carst  and 
physical-mechaiucal  state  of  ground  dams,  tailing  dams  and  hydioelectiie 
alation  dams  k  very  mgeut  togetliei  willi  carslological  arid  otliei  picKesses 
retnilring  in  the  ahove-mentioned  sttoefures  gradually  loosing  their 
stcadiiicis  and  leading  to  disastrous  consequoucics.  Among  the  most 
efficient  means  of  solving  these  problems  is  a  complex  of  electromagnetic 
investigations  by  methods  of  impulse  and  frequency  soundings  which 
besides  field  ob^rvaiions  include  malhematical  and  physical  modelling. 
The  latter,  is  used  both  at  the  stage  of  choosing  metht^  for  obccmtiocs 
and  in  die  process  of  interprelatiou  of  data  obtained.  Pliysical-geological 
basis  for  electromagnetic  methods  is  considerable  differeneies  of  specific 
itsistance  between  tiglit  and  shakeu-up  rocks  and  soil.  Particular 
examples  of  sticcessfiil  smdying  eaistic  danger  in  mine  fields  and 
steadiness  botli  of  tailing  dams  of  piecaipatliian  pits  and  tlie  dam  of 
Kyyiv  Hydro  are  given.  Ptomisiug  infoimativity  and  prognostic 
possibfiitics  of  method-,  u.ced  are  presented.  This  is  corffirmed  by-  flirthcr 
formation  of  dips  and  zones  lacking  in  tightness  within  dangerous 
sectiorrs  found. 


CONDITIONS  PROVIDING  THE  EFFECTIVE  USING  OF  THE 
APPARENT  RESISTIVITY  FOR  THE  MT-MONITORING  OF 
THE  GEODYNAMICAL  PROCESSES 

M.  E.  Sholpo 
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Using  numerical  modelling  there  is  studied  the  sensitivity  of  the  MT  apparent 
resistivity  to  the  variations  of  resistivity  p,  of  some  element  of  the  1-D  structure. 
There  is  shown  that  in  many  cases  this  sensitivity  is  very  high:  the  relative 
variations  of  pa  can  several  times  exeed  the  corresponding  relative  variation  of 
Pi.  On  account  of  that  can  be  effectively  used,  under  determined  conditions, 
for  monitoring  purposes.  In  case  of  two-layered  structure  the  best  conditions 
for  studying  variations  of  conductivity  are  (I)  for  the  underlaying  layer:  small 
difference  between  pi  and  p2,  small  thickness  of  the  upper  layer  di,  the  maximal 
possible  EM  wave  period;  (II)  for  the  upper  layer:  5.3  <  Aj/di  < 

In  case  of  three-four  layerd  structure  it  should  be  pointed  out  the  following:  (I) 
the  most  high  sensitivity  takes  place  in  case  of  conductivity  variations  of  the 
high-cunductive  layer;  (II)  the  presence  of  the  high-conductive  layer  makes  it 
difficult  to  study  the  conductivity  variations  of  the  less  conductive  layer. 


USE  OF  NON-COWENTION.AL  APPROACH  IX  XLAGNETOTELLURICS 
L.  Szarka  111.  M  Memielle  I7i 

(1)  Geodetic  and  Geophysical  Research  Institute  of  the  Hungarian  Acedcray  of 
Sciences.  Sopron.  Hungary,  szarka'S;ggki.hu/Fa.\:+36-99-3 13267.  (2)  Universite 
Paris-Sud,  France 

In  this  paper  -  Iw’  using  several  e.xamples  based  on  the  activity  of  the  authors  -  it 
will  be  illustrated  that  non-conventional  physical  approaches  may  largely  increase 
the  possibility  of  the  magnetotelluric  method.  The  e.\amples  are  related  to  two 
magnetotelluric  problems.  (I)  The  interpretation  of  the  skindepth  as  "penetration 
depth”  is  correct  only  for  infinitely  deep  homogeneous  halfspaces.  The  situation 
will  be  dramatically  changed  due  to  the  presence  of  a  layer  boundary,  or  ev  en  due  to 
any  inhomogeneity  of  finite  lateral  extension.  This  observation  oriented  us  to  study 
the  short-period  section  of  the  sounding  curve,  where,  in  some  situations, 
exceptionally  good  3D  images  can  be  obtained.  (The  description  of  the  so  called 
"keyhole  imaging"  is  given  by  Szarka  and  Menviclle,  1998.  submitted  to 
Geophysical  Prospecting,  based  on  paper  F007  at  the  Geneva  EAGE  Meeting.)  (2) 
The  traditional  MT  apparent  resistivity  definition  is  not  the  best  one  even  in  ID 
situations.  With  the  advent  of  3D  measurements  and  interpretation  techniques,  in 
order  to  avoid  a  further  accumulation  of  this  problem,  we  suggest  to  revise  the 
definition  of  magnetotelluric  apparent  resistivity.  We  have  found  that  the  rotational 
invariants  of  the  real  tensor  (the  elements  of  which  are  the  real  pans  of  the  2x2 
complex  elements  of  the  magnetotelluric  impedance  tensor)  are  the  best  parameters 
in  a  wide  period  range  (For  the  rotational  invariants  see  Szarka  and  Menviellc, 
1997,  Geophysical  Journal  International.  129,  133-142.) 
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COMPARISON  OF  TENSOR  DECOMPOSITION  METHODS  ON  MT 
DATA  MEASURED  IN  THE  PAN'NONIAN  BASIN 

L.  Szarka.  A  Adam  (1),  M.  Menvielle  (2) 

(1)  Geodetic  and  G^physical  Research  Institute  of  the  Hungarian  Academy  of 
Sciences,  Sopron,  Hungary,  szarlca@ggki.hu/Fax:+36-99-313267,  (2)  Universite 
Paris-Sud,  Orsay,  France 

In  the  Pannonian  basin,  twxvdimensional  (2D)  structures  are  expected  in  the 
regional  scale.  This  hypothesis  is  based  both  on  the  zonal  structure  in  geological 
maps  of  the  depth  of  the  Pannonian  basin  and  on  2D  anisotropy,  seen  in 
magnetotelluric  results.  Effects  of  possible  near-surface  three-dimensional 
inhomogeneities  were  investigated  on  wide-period  magnetotelluric  soundings  by 
using  different  tensor  decomposition  methods,  suggested  for  such  a  model:  among 
others  the  Groom-Baily  technique,  the  Bahr-decomposition  and  the  eigenvalue 
techniques  were  used.  According  to  the  present  experiences,  the  different 
techniques  may  give  very  different  solutions  for  the  regional  2D  structures  and  they 
not  always  seem  better  in  comparison  to  the  pre-decomposition  results.  In  the  paper 
we  try  to  investigate  the  physical  meaning  of  different  approaches  in  such  a 
geological  situation 


THE  FALSE  CONDACTIVE  ANOMALIES  ON  1-D  INTERPRE¬ 
TATION  AND  EXERTION  THEM  BY  FOLLOWING  2-D  INTER¬ 
PRETATION 
S.  A.  Vagin 

Institute  of  Physics,  St.  Petersburg  State  University,  St.  Petersburg,  Russia 
198904. 

On  the  1-D  interpretation  of  the  MT-data  in  case  of  strong  horizontal  inhomo¬ 
geneous  medium  it  is  possible  the  appearance  of  the  false  condactive  zones  at  a 
depth  of  30  -  100  km.  However  the  1-D  interpretation  results  on  the  profile  can 
be  use  as  a  start  model  for  the  2-D  interpretation.  The  false  condactive  zones 
disapea  oh  the  2-D  interpretation  by  E-polarization  and  stay  by  H-polarization. 
Combined  2-D  interpretation  of  E-and  H-polarizations  allows  also  correctly  de¬ 
termine  the  limits  of  the  true  conductive  zone.  These  conclusions  have  been 
drawn  by  numerical  modelling.  The  parameters  one  of  taken  models  are:  in  ho¬ 
mogeneous  medium  with  resistivity  100  Om  x  m  is  2-D  conductive  including 
0i3  X  2  km^  with  resistivity  0.5  Om  x  m. 


INVESTIGATION  OF  THE  MAGNETOTELLURIC  TENSOR  IN¬ 
VARIANTS  AND  THEIR  PHYSICAL  INTERPRETATION  US¬ 
ING  A  SYNTHETIC  MODEL 
J.  T.  Weaver  and  A.  K.  Agarwal 

School  of  Earth  fc  Ocean  Sciences,  University  of  Victoria,  Victoria,  B.C., 
Canada,  V8W  2Y2, 

We  have  characterized  the  magnetotelluric  (MT)  tensor  by  seven  invariants 
which  differ  somewhat  from  those  proposed  in  a  recent  paper  by  Szarka  fc 
Menvielle  (Geophys.  J.  Int.  129, 133,  1997)  and  have  given  a  physical  interpre¬ 
tation  for  the  vanishing  of  each  one.  The  seventh  invariant  is  associated  with 
the  presence  of  a  three-dimensional  (3D)  geo-electric  structure  in  the  region 
and  is  closely  related  to  the  “phase  sensitive  skew”  of  Bahr  (J.  Geophys.,  62, 
119, 1988).  Its  vanishing  is  indicative  of  small-scale,  near-surface  distortions  of 
a  r^ionally  2D  MT  field.  In  order  to  test  the  physical  interpretation  of  each 
invariant  we  have  constructed  a  3D  numerical  model  comprising  a  2D  fault 
line  plus  a  small  conductive  anomaly  in  the  shape  of  a  square  plate  neat  the 
fault.  The  regional  field  is  taken  to  be  inclined  at  an  angle  of  40'  to  the  fault. 
The  complex  elements  of  the  MT  tensor  have  been  computed  at  various  points 
in  the  model,  both  where  the  influence  of  the  anomaly  is  felt  and  where  it  is 
negligible,  and  the  various  invariants  have  been  evaluated.  The  physical  inter¬ 
pretations  of  the  invariants  have  been  verified  for  this  simple  model  and  the 
direction  of  the  strike  of  the  fault  line  has  been  recovered  with  acceptable  ac¬ 
curacy.  It  is  hoped  that  the  proposed  invariants  may  shed  useful  light  on  the 
geo-electric  character  of  a  region  under  investigation  in  real  cases. 


AMT  SOUNDINGS  IN  SPESSART  MOUNTAINS 
U.  Weckmann 

Institute  of  Meteorology  and  Geophysics,  Rrankfurt/Main,  Germany. 
ueckmann9geophysik.uni-frankfurt.da/Fax:  [49]  69  798  23280 

Within  the  framework  of  audiomagnetotelluric  measurements  in  the  Spessart 
mountains  (Germany)  magnetic  and  telluric  time  variations  in  the  frequency 
range  from  0.001s  up  to  1000s  were  observed.  The  time  series  were  severely 
disturbed,  however,  by  noise  from  cultural  and  industrial  sources. 

Two  different  methods  were  applied  in  order  to  diminish  these  influences: 

1.  Shielded  cables  suppress  the  influence  of  high  frequency  noise  acting  as 
lowpass  filters.  They  were  replaced  by  RC-coupled  elements  connected  to 
unshielded  cables  in  order  to  get  a  similar  lowpass  filter.  Different  setups 
ate  compared  by  field  and  laboratory  studies,  generally  improving  the 
data  quality. 

2.  An  additional  improvement  was  achieved  applying  the  remote  tefenece 
technique  to  simultaneous  time  series  recorded  over  distances  between 
1km  and  lOOkm. 


SE44  Can  electromagnetic  images  constrain 
geophysical  interpretation  of  tectonicaliy 
active  environments? 

Convener:  Simpson,  F. 

Co-Conveners:  Manzella,  A.;  Ritter,  P. 


ON  THE  ORIGIN  OF  MECHANOELECTRICAL  EFFECT  BE¬ 
FORE  AN  EARTHQUAKE 
L.  Alperovich  (\)  and  I.  Chaikovsky  (2) 

(1)  Dept,  of  Geophysics  and  Planetary  Sciences,  Tel  Aviv  University, Ramat- 
Aviv  69978  Te!  Aviv.  P.O.B.  39040  Israel.  (2)  Dept,  of  Mathematics  and  Com¬ 
puter  Sciences.  Ben-Gurion  L  niversity.  Beer-Sheva  84105,  Israel. 

In  order  to  clarify  action  of  the  strain  on  the  resistivity  we  present  quantita¬ 
tive  description  of  electrical  properties  and  their  changing  by  action  of  externa! 
forces  based  on  the  theory  of  heterogeneous  and  disordered  sytems.  The  con¬ 
ductivity  of  two-phase  rocks  in  the  critical  stage  when  the  volume  part  of  the 
strongly  conductive  part  is  very  close  to  the  percolation  threshold  was  con¬ 
sidered.  The  strain  sensitivity,  i.e.  difference  quotient  of  the  resistivity  to  the 
length,  is  expressed  as  a  function  of  a  volume  part  of  conductive  component, 
effective  conductivity,  compressibilities  of  the  phases  etc.  An  assumption  that 
the  conductivity  has  percolation  character  explains  anomalous  changing  the 
strain  sensitivity  before  and  during  an  earthquake.  Various  threshold  values  of 
strain  sensitivity  are  predicted  as  functions  of  the  sizes  of  both  the  conductive 
and  dielectric  parts. 
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ELECTRICAL  ANISOTROPY  AND  EUROPEAN  STRESS 

Karsten  Bahr  (Geophysik,  Postfach  2341,  370I3G0ttingen,  Germany.  - 
kbahr@\vilIi.uni-geophys.gwdg.de) 

Electromagnetic  data  from  the  Rhenohercynian  and  Saxothuringian  in  southern 
Germany  (ERCEUGT,  1992)  have  been  re-examinated  in  conjunction  with  actually 
measured  field  data.  A  possible  explanation  for  both  phase  differences  between  the 
two  principal  magnetotelluric  polarisations  and  strong  vertical  magnetic  fields  is  an 
electrically  anisotropic  structure  in  the  middle  crust  wth  maximal  conductance  in 
SW-NE  direction.  This  conductance  has  a  gradient  in  NW-SE  direction  which  is 
responsible  for  the  occurence  of  a  vertical  magnetic  field.  The  NW-SE  direction  of 
the  minimal  conductance  coincides  with  the  direction  of  maximal  stress  in  central 
Europe  (Brereton  and  Muller,  1991).  The  view  that  the  present  stress  field  controls 
electrical  anisotropy  via  the  distribution  of  microcracks  (Bahr  1997)  is  supported  by 
observations  from  Northern  Germany  and  Finland.  In  the  KTB  location  "Zone 
Erbendorf-  Vohenstrauss"  (ZEV),  however,  the  situation  is  reversed:  the  WSW- 
ENE  direction  of  minimal  electrical  conductance  (ELEKTB  group  1997)  follows  a 
paleostrcss  field  from  300  Ma,  when  the  ZEV  was  uplifted.  Implications  for  the 
conduction  mechanism  at  the  different  test  areas  are  discussed. 


GEOELECTRICAL  ANOMALIES  AND  THEIR  RELEVANCE  TO  " 
TECTONIC  INTERPRETATIONS 

J.  Bigalke  and  A.  Junge 

Institute  of  Meteorology  and  Geophysics,  Frankfurt  am  Main,  Germany, 
bigalkefigeophysik. uni-frankfurt.de/Fax:  [49]  69  798  23280 

Geological  investigations  in  the  Continental  Deep  Drilling  (Germany)  have  re¬ 
vealed  that  graphitic  shear  zones,  are  an  important  marker  for  tectonic  events. 
These  ore  mineralizations  form  large  bodies  of  interconnected  electric  conduct¬ 
ing  material.  Since  standard  conductivity  measurements  can  not  distinguish 
between  electrolytic  and  electric  conductivity  mechanisms,  additional  methods 
have  to  be  introduced.  According  to  the  concept  of  the  geobattery,  contineously 
mineralized  shear  zones  may  be  discovered  by  monitoring  self-potential  (SP) 
anomalies.  Another  possibility  to  detect  such  zones  is  the  application  of  the  non¬ 
linear  induced  polarisation  (NLIP)  method, which  takes  advantage  of  nonlinear 
current-voltage-characteristics  observed  by  using  a  standard  IP-configuration. 
Extensive  field  experiments  were  carried  out  at  a  drill-hole  near  Rittsteig  (Ger¬ 
many).  SP  anomalies  as  well  as  subsequently  performed  geological  investiga¬ 
tions  reveal  graphitic  shear  zones.  In  order  to  quantify  the  NLIP  effect,  an 
alternating  current  was  injected  in  the  drillhole.  Simultaneously  the  electric 
potential  was  measured  on  the  earth’s  surface.  The  NLIP  \vas  observed  atul 
an  interconnected  electric  conducting  layer  -  obviously  a  shear  zone  conr.itiriing 
graphite  -  steeply  inclined  in  south  direction  was  indicated.  Therefore  SP  and 
NLIP  surveys  seem  to  be  a  powerful  method  to  detect  interconnected  iniiujral- 
ized  shear  zones  and  thus  provide  important  information  for  structural  geology. 


ADDRESSING  GEOLOGICAL  NON-UNIQUENESS  IN  AP¬ 
PRAISING  TECTONIC  CONSTRAINTS  PROVIDED  BY  EM 
DATA 

D.  E.  Boerner  (1,2) 

(1)  Geological  Survey  of  Canada  Ottawa,  Ontario,  Canada,  Kl.A  0Y3,  (2)  In- 
stitut  fiir  Geophysik,  ETH-Honggerberg,  8093-Zurich,  Switzerland. 

boernerOeg . NRCan . gc . ca 

Interpreting  electromagnetic  data  in  terms  of  tectonic  process  requires  the  rec- 
ognizition  and  resolution  of  two  non-uniqueness  problems.  The  initial  problem 
is  to  understand  the  range  of  models  that  can  satisfy  the  data.  This  problem 
is  well  studied.  However,  translating  inverted  models  into  geological  under¬ 
standing  requires  understanding  the  non-iinique  relationship  between  tectonic 
setting  and  electrical  physical  properties.  In  this  talk  I  review  the  two  stages 
of  problems  involved  with  interpretation.  An  example  of  magnetotelluric  data 
from  Western  Canada  will  serve  to  illustrate  methods  of  controlling  model  non- 
uniqueness  and  to  show  how  the  deleterious  effects  of  geological  non-uniqueness 
can  be  mitigated.  Only  by  dealing  with  these  two  forms  of  ambiguity  can  con¬ 
crete  and  identifiable  constraints  on  tectonic  interpretations  be  provided  by  the 
geophysical  data. 


PRELIMINARY  EM  INVESTIGATIONS  OF  THE  SEIMO-ACTIVE 
REGION  OF  NORTHERN  BOHEMIA 


D.  Pi  Mauro  (1),  G.  Volpi  (2),  A.  Manzella  (2),  A.  Zaja  (3),  N.  Praticelli  (3),  V. 
Cerv  (4),  J.  Peck  (4),  A.  De  Santis  (1) 

(1)  Istituto  Nazionale  di  Geofisica,  Roma,  Italy,  (2)  CNR  -  International  Institute 
for  Geothermal  Research,  Pisa,  Italy*  (3)  DGPG,  Padua  University,  Padua,  Italy, 
(4)  GI,  Acad.  Sci,  Prague,  Czech  Rep. 
dimauro@ingrm.it  /  Fax:  +39-6-504 1181 

During  1997,  in  the  frame  of  an  Italian-funded  scientific  cooperation  between 
Italy  and  Czech  Rep.,  a  series  of  MT  and  MV  soundings  were  realized  in  the 
region  of  Northern  Bohemia.  This  area  is  one  of  the  most  seismo-active  regions 
in  Central  Europe  due  to  the  relatively  frequent  occurence  of  micro-earthquake 
swarms,  which  take  place  even  during  each  apparent  quiescient  interval  between 
two  large  macro-seismically  observed  swarms.  15  MT  and  2  MV  stations  were 
istalled  in  an  area  of  around  15x20  km^  where  about  80%  of  seismicity  of  the 
whole  region  was  recorded  since  1986.  The  area  showed  a  high  electromagnetic 
noise  which  affected  both  electric  and  magnetic  recorded  signals.  Nevertheless  a 
preliminary  analysis  of  the  data  showed  geoelectric  features  which  will  be 
discussed  from  the  point  of  view  of  the  seismic  characteristics  of  the  region. 


THE  RESISTIVITY  STRUCTURE  OF  THE  ACTIVE  CONTI¬ 
NENTAL  MARGIN  IN  NORTHERN  CHILE 

FViedrlch  Echternacht 

GcoForachungsZeritr  um  Tdegrafenbcrg,  14473  Potsdam,  Germany. 
fritzCgfz-potfidam.de/Fax:  [49]  331  288  1235 

A  set  of  broadband  (10^  -  Hz)  magnetotelluric  data  was  collected  in  the 
forearc  and  arc  region  of  Northern  Chile.  Dccomposilion  of  the  magcieiotelluric 
transfer  fimetions  suggests  that  2D  modelling  of  the  data  is  pos-slble.  The  fore- 
arc  appears  extremely  resistive.  The  wd.stence  of  a  continuous  conductor  on  top 
of  the  subducting  Nazea  Plate,  as  observed  by  Kurtz  (1990)  for  the  Juan  de 
Fuca  System,  cai'  probably  be  excluded.  The  dominant  structure  in  the  model 
is  a  subvertical  conductive  block  that  readies  from  10  km  to  great  depths.  This 
structure  Is  situated  approximately  20  km  west  of  the  active  volcanic  arc.  It 
may  correspond  to  the  Falla  Oeste,  a  deep  reaching  fault  .system  in  the  Chilean 
Preeordillera,  which  probably  provides  a  pathway  for  the  ri.se  of  metamorphlc 
fluids  from  the  downgoing  slab.  The  magmatic  arc  itself  seems  l>e  a  poor 
conductor  -  consistent  with  a  lack  of  recent  volcanlsm  in  the  area. 


THE  STOCHAjSne  MODEL  OF  ELECTROKINETIC-MAGNETIC 
EFFECT  FOR  QUASIHOMOGENOUS  MEDIUM. 

Carpathtan  Branch  of  Subbotin  InsUtuto  of  Ooophysics  NASU.  3b,  Naukova  Str... 
290601,  Lviv,  Ukraine,  E-mail:  va@carp,lviv.ua 

It  is  wdl  known  that  the  magnetic  effect  caused  by  electrdcmetical  processes  on  the 
SUI&ce  of  homogenous  haHspace  is  absent  However,  taking  into  m-wwifit  fhirt  mall 

geological  rnedhim^  when  fftere  are  absent  roacroinhomogeneities^  is  but 
qjuastbomogenous,  we  consider  the  statistical  features  of  electrokinetic-magnetio 
efiect  on  the  nirfiux  of  sudi  a  medium  by  flie  help  of  Monte<^lo  methode.  Our 
model  is  based  on  the  efiki  of  surface  conductivity  fnfh]eoceoofl)erod:conductivity| 
for  microcapUIar  radcs  (d<50  pm).  The  obtained  results  are  as  fotlowa.l)  The 
magnetic  effect  as  a  rule  is  present  2)  Tltf  distributioa  of  magnetic  field  u  aj 

result  of  random  changes  of  imcrocq>illais  structure  in  case  of  constant  value  of  die 
mscroc^nllars  space  distribution  dispersioa  is  rimlW  to  the  distribution  of  magnetic: 
fidd  in  static  case.  The  main  feature  of  these  distributions  is  symetry  of  positive  and 
negative  values  cX  effect  3)  In  the  case  of  nonconatazit  value  of  microcapillars 
distribution  dispenion  the  main  feature  of  the  distribution  of  magnetic  fidd  rhung^  is 
asyroetry  of  positive  and  negative  values  of  effect  The  first  two  results  may  be  useful 
for  the  evahtafion  of  natural  magnetic  noise  when  monitoring  active  faults  by 
geomagnetic  methodes.  The  third  result  we  consider  as  a  usefiil  link  for  the  magnetic 
image  oftectomcally  active  environments  evolution  constraining. 
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ABOUT  POSStBlUTIES  OF  STUDYING  TECTONIC  ACTIVITY  OF 
FAULTS  USING  TECTONOMAGNETIC  INVESTIGATIONS 

VlKuzmitsova.  yMahymehuk 

Carpathian  Branch  ofSubbolin  IniBtute  cf  Oet^fyflci  NASU,  3b,  Naukava  Str., 
290601,  Lviv,  Ukraina,  E-mail;  va@carp.lviv.ua 

Tectonic  liuhs  of  lithospheie  m  Imovni  to  iqictjeiit  fiactued  zones  penneabte  for 
fluids,  vrtKre,  as  a  rule,  difiaoA  siiain  processes  an  &f  more  ndensive  competed 
with  dioee  txyood  their  boundaries.  Ihe  study  and  mqiping  of  these  zones  ate 
necessary  to  investigate  into  modem  geodynamics  and  seismotectonics  of  separate 
r^ons,  as  well  as  ace  of  applied  significance  at  prospecting  of  minetal  resources. 
Studying  tenqtoral  ctmoges  of  anomalous  magnetic  field  is  due  to  tectocKanagnetic 
method  based  on  repeat  faigh-acemate  observations  at  a  special  network  of  points. 
Difi&rential  obeervation  metfaoda  nduch  atiminatn  fidd  ebanges  of  global  and  external 
(ioiKiapheric)  origin  ate  used.  Theae  methods  make  it  possible  to  obtain  data  about 
annmatcaia  ebangaa  nf  gananagnatic  fiaM  caiiaad  by  iectoflic  processes. 
TbelbllowFinginerbaiiismaniayheaniiTresofanonialQnafhangrsinafinctucedzone: 
piezomagnetic  affaft  -  rbangaa  of  magnetic  properties  of  rocks  under  tnfhience  of 
variable  tectonic  stresses,  a^  electrokinetic  phenomena  caused  by  electric  currents 
gerrerated  due  to  relative  phase  motioa  (liquid-solid)  imder  infliience  of  variable 
pressure.  It  is  possible  to  detect  active  tectonic  faults  mdiflerentregioe»(Caipadiiana, 
Noetbera  Caucasus,  Dniprovsko-Donetska  Trough)  due  to  positive  ^iplicatioo  results 
obtained.  Anomalous  effects  in  fault  zones  teach  2-S  nT,  and  ace  detected  effectively 
at  accuracy  of  repeat  geomagnetic  observatioos  lfl.S-0.8  nT. 


ELECTRICAL  STRUCTURE  FROM  THE  GANGETIC  PLAIN  TO 
THE  HIMALAYAS 

C.  Lemonnier  (1),  G.  Marquis  (1)  and  F.  Perrier  (2) 

(1)  Imagerie  Tectonique,  EOST,  CNRS  UMR  7516,  5  rue  Descartes,  67084 
Strasbourg,  France,  (2)  Laboratoire  de  Geophysique,  CE.A,  Bruyeres-Le- 
Chatel,  France. 

We  present  here  a  preliminary  analysis  of  magnetotelluric  (MT)  data  acquired 
across  Central  Nepal  to  study  the  conductivity  structure  of  the  crust  and  upper 
mantle  of  the  active  Himalayan  region.  We  have  estimated  the  MT  impedance 
by  a  robust  method  (Chave  et  al.,  J.  Geophys.  Res.  92,  633.  1987)  for  frequen¬ 
cies  between  0.001  to  500  Hz  and  have  acquired  DC  Schlumberger  soundings 
at  most  sites  to  correct  for  static  shifts.  In  the  north,  the  electric  field  is  also 
distorted  by  the  rugged  topography  and  by  near-surface  accidents.  We  have 
decomposed  the  MT  tensor  using  the  method  of  Counil  et  al.  (Ann.  Geophys. 
4, 115, 1983)  to  minimise  the  effects  of  this  distorsion.  Our  data  show  that  Cen¬ 
tral  Nepal’s  present-day  geoelectrical  structure  is  of  growing  complexity  from 
south  to  north.  The  study  of  distorsions  and  the  induction  vectors  confirm 
this  observation  and  indicate  that  the  northern  segment  of  the  Main  Central 
Thrust  is  associated  to  a  major  conducting  feature.  We  can  link  this  result  to 
stronger  hydrothermal  activity  or  to  the  presence  of  graphite.  We  have  also 
acquired  a  short  Audio  MT  profile  just  south  of  the  Main  Frontal  Thrust  along 
the  Bakeya  River.  It  shows  a  very  strong  conductor  which  geometry  suggests 
that  recent  deformation  has  occurred.  VVe  will  also  present  the  results  of  2D 
and  3D  modelling  currently  in  progress. 


MT  SURVEY  IN  THE  AMIATA  VOLCANIC  AREA:  A  COMBINED 
METHODOLOGY  FOR  DEFINING  SHALLOW  AND  DEEP 
STRUCTURES 

A.  Manzella  ( 1),  R.  Mackie  (2),  A.  Fiordelisi  (3) 

(1)  CNR  -  International  Instimte  for  Geothermal  Research,  Pisa,  Italy,  (2) 
Geosystem  s.r.l.,  San  Francisco  U.S.A.,  (3)  ENEL  VDTG,  Pisa,  Italy. 
Adele.ManzeIla@iirg.pi.cnr.it  /  Fax:  +39-50-47055 

In  1994-1995  a  magnetotelluric  (MT)  survey  was  carried  out  in  an  area  sited  on 
the  western  edge  of  the  Amiata  geothermal  region  (Tuscany,  Italy).  A  combined 
data  recording  methodology  was  used,  in  an  attempt  at  enhancing  the  resolution 
of  subsurface  conductivity  along  the  survey  line,  defining  the  deep  features 
related  to  geothermal  system  recharge,  and  tackling  the  problem  of  high  noise 
level  in  the  area.  Standard  wide-band  MT  data  (100-0.01  Hx)  were  collected  at  28 
sites,  and  130  high  frequency  (100-1  Hz)  telluric-magnetotelluric  (TMT) 
soundings  were  carried  out  at  sites  adjacent  to  the  main  wide-band  sites. 
Two-dimensional  inversion  modeling  of  both  TM  and  TM-TE  data  was 
performed,  taking  into  account  topographic  and  coast  effects.  The  modeling 
results  defined  both  the  shallow  and  deep  resistivity  anomalies.  The  structural 
significance  of  these  anomalies  is  in  good  agreement  with  structural  information 
derived  from  other  geophysical  data. 

Of  particular  geothermal  interest  is  the  evidence  of  a  large  conductive  anomaly  at 
a  depth  tanging  between  2  and  4  km,  within  the  deep  metamotphic  basement. 
This  anomaly  could  indicate  the  presence  of  a  hitherto  unidentified  deep  reservoir 
that  is  in  comunication  with  the  reservoir  exploited  at  present  in  the  Amiata  area. 


MAGNETOTELLURIC  PROFILES  IN  SOUTHERN  APENNINES 

E.  Marsella(l),  D.  Patella  (2),  Z.  Petrillo  131  and  A.  Siniscalchi  (1) 

(1)  CNR,  Geomare  Sud,  Naples,  Italy,  (2)  Department  of  Physic  Sciences, 
University  of  Naples,  Italy,  (3)  Vesuvian  Observatory,  Naples,  Italy. 

The  complex  geometry  and  kinematics  of  the  fold  and  thrust  belt  of  the  Southern 
Apennines  is  still  matter  of  debate.Seismic  data  of  the  deep  structures  in  the  western 
part  of  the  chain  do  not  conform  enough  to  models  which  can  be  illustrated  by  a 
regional  cross  sections  of  Southern  Italy.  We  find  that  magnetotelluric  method  can 
help  to  better  define  the  regional  structural  set  up  and  give  some  new  physical 
insight  on  rock  properties.  Magnetotelluric  soundings  were  carried  out  along  two 
perpendicular  profiles.  The  main  NE-SW  regional  profile  crosses  all  the  most 
important  tettonic  structures  of  Southern  Apennines.  A  decomposition  of  the 
impedance  tensors  using  Groom-Baley’s  scheme  shows  that  a  two-dimensional 
interpretation  is  possible.  We  realized  thus  a  two-dimensional  model.  The  model 
pointed  out  two  main  tectonic  domains:  eastwards,  the  resistive  Apulia  carbonate 
platform  shows  almost  flat  horizons,  while,  westwards,  the  conductive  Apenninic 
chain  shows  a  more  complicate  electrical  behaviour.  Large  carbonate  bodies  beneath 
the  outcropping  tectonic  units  are  recognizable  in  this  area.  We  performed  also  a 
correlation  with  other  geophysical  and  geochemical  data.  The  geological 
interpretation  which  can  be  depicted  from  this  set  of  magnetotelluric  data  is 
remarkably  similar  to  recent  alternative  models  proposed  for  Southern  Apennines 
which  indicate  large  carbonate  structures  beneath  the  shallow  carbonate  md  basinal 
units  cropping  out  in  the  Campania-Lucania  region.  This  tectonic  setting  implies 
different  restoration  and  forward  modeling  of  the  structures  on  a  regional  cross 
section. 


AUDIOMAGNETOTELLURIC  SOUNDINGS  ON  THE  MONTE- 
CRISTO  ISLAND  (ITALY) 

A.  Magunia  (1),  F.  Simpson  (2)  and  J.  Watermann  (3) 

(1)  Institut  f.  Meteorologie  u.  Geophysik,  Frankfurt  a.M,,  D-60323  Germany, 

(2)  Institut  f.  Geophysik,  Gottingen,  D-37073  Germany,  (3)  SACL.ANT  Under¬ 
sea  Research  Centre,  La  Spezia,  1-19138  Italy. 
magunia9geophysik.uni-frankfurt.de/Fax;  [49]  69  798  23280 

In  1997,  a  joint  research  project  which  involved  Italian  and  German  institutes 
was  conducted  within  the  activities  of  GEOSTAR.  Magnetic  and  (audio-)- 
magnetotelluric  measurements  were  performed  on  and  around  Montecristo  Is¬ 
land  (between  Tuscany  and  Corsica)  by  using  ground-based  and  sea  bottom 
sensors.  It  was  the  primary  research  objective  to  develop  a  quantitative  model 
of  the  electrical  conductivity  distribution  beneath  the  Tyrrhenian  Sea  at  the 
westerly  extent  of  the  Tuscan  geothermal  anomaly. 

S.ACLANTCEN  deployed  ocean  bottom  magnetometers  in  the  vicinity  of  Mon¬ 
tecristo  Island  and  collected  simultaneous  oceanographic  data.  The  Gottingen 
group  set  up  tree  long  period  magnetotelluric  systems  (measuring  periods  >  10 
s).  The  Frankfurt  group  made  audiomagnetotelluric  measurements  in  the  0.1  - 
128  Hz  frequency  band  at  four  sites  along  a  radial  line  from  the  isltmd  centre 
to  its  shore,  recording  data  always  at  two  sites  simultaneously. 

First  AMT  results  will  be  presented  which  lead  to  the  construction  of  a  con¬ 
ductivity  model  of  Montecristo  Island. 


EXPLICIT  EQUATION  3-D  TIMEDEPEND  ELECTROMAGNETICS 
INVERSION. 

P.S.  Martyshko 

Institute  of  Geophysics,  Ural  Branch  of  Russian  Academy  of  Science. 
E-mail:pmart@igeoph.mplik.tu 


We  have  obtained  the  new  inverse  problem  equations  of  timedepend  electromagnetic 
fields.  There  are  the  first  generation  equations  with  explicit  operators.  The  primary 
field  source  can  be  arbitrary  type,  EM  fields  satisfy  diffusion  and  Helmholtz  equations. 
We  have  used  representations  of  field  functions  through  the  values  of  the  functions 
themselves  and  the  derivatives  at  the  boundary  of  the  anomaly-forming  object.  The 
method  for  solving  of  3-D  nonlinear  electromagnetic  inverse  problem  was  diviced.  It 
is  based  on  the  algorithm  for  solving  explicit  equations  of  the  3-D  inverse  problem  . 
The  algorithm  was  successfully  tested  on  a  number  of  model  examples.  We  apply  the 
Tikhonov  regularization  method  to  3-D  EMD  inversion.  We  do  EM  data  inversion  by 
two-stage  interpretation  method;  1)  approximation  of  the  observed  data  with  the  fields 
of  singular  sources;  2)  construction  of  equivalent  objects  with  different  physical 
parameters  values.  As  a  result  of  interpretation  we  obtain  the  bodies  stellate  relative  to 
some  point  with  different  values  of  conductivity  (permeability)  which  generated  the 
same  (  electrical  or  magnetic)  field.  We  have  swdied  the  possibilities  for  solution 
uniqueness.  We  have  some  examples  with  good  results  of  interpretation. 
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ELECTROMAGNETIC  TOMOGRAPHIC  IMAGE  OP  3D 
GEOLOGICAL  MEDIUM  WITH  USE  OF  TEM  DATA 

V.  S.  Mogilatov 

Institute  of  Geophysics,  Universitetsky  Pr.,  3,  Novosibirsk,  630090,  Russia. 
VMogilat«uiggm.n8c.ru/Fax:  [+7]  3832-350-132 

The  EM  image  of  a  geological  medium  is,  in  basic,  distribution  of  electrical 
conductivity.  The  conductivity  of  a  medium  well  shows  a  structure  of  a  medium 
and  its  modifications.  The  interpretation  of  EM  measurements  is  the  difficult 
task,  if  a  medium  complicated  (2D,  3D).  We  develop  the  approach,  in  which 
we  make  the  following: 

(1)  we  divide  a  medium  on  a  set  of  the  standard  elements;  (2)  we  select  a  back¬ 
ground  medium  (one-dimensional  or  homogeneous);  (3)  we  construct  nearby  of 
this  simple  medium  the  approximate  3D  forward  problem,  which  is  linearized 
for  perturbations  of  conductivity  from  the  background  medium;  (4)  we  make 
inversion  of  data,  as  inversion  of  a  linear  system,  which  connects  experimental 
data  and  perturbations  of  conductivity;  (5)  we  restore  a  structure  of  a  medium 
by  an  image  of  found  distributions  of  conductivity.  Our  approach  is  possible  to 
determine,  how  diffraction  tomography  in  a  Born  approximation. 

Here  we  demonstrate  our  approach  with  use  areal  synthetic  TEM  data.  The 
synthetic  data  are  obtained  by  the  independent  3D  simulation.  Model  of  a 
medium  -  homogeneous  half-space,  containing  a  heterogeneity.  The  inversion 
is  produced  in  some  iterations.  At  the  first  stage  a  rough  and  extensive  tomo¬ 
graphic  partition  of  medium  is  used  and  we  obtain  a  fuzzy  image.  However,  now 
we  can  localize  and  condense  the  tomographic  3D  grid  nearby  of  the  target. 


3D  MODELLING  STUDIES  OF  THE  CONNECTION  BETWEEN 
MAGNETIC  DISTORTION  EFFECTS  IN  GDS  DATA  AND  THE 
SCALE  LENGTH  OF  CONDUCTIVITY  ANOMALIES 
P.  Ritter 

GeoForschungsZentrum,  Telegrafenberg,  D14473  Potsdam,  Germany. 
pritterCgfz-potsdam.de/Fax:  [49]  331  288  1235 

The  magnetic  response  of  a  confined  structure  depends  on  its  scale  length,  its 
depth,  its  dimension  and  its  conductivity  contrast  with  respect  to  the  host 
material.  These  parameters  determine  the  period  range  in  which  the  anoma¬ 
lous  magnetic  fields  are  generated  by  currents  induced  inside  the  anomaly.  At 
longer  periods,  the  response  is  produced  increasingly  by  currents  that  are  only 
concentrated  close  to  and  inside  the  body,  but  induced  in  the  host  material. 
The  3D  modelling  studies  show  that  these  two  processes  can  be  distinguished 
by  examining  the  phase  of  the  magnetic  response  function.  It  changes  from 
negative  values  in  the  period  range  of  local  induction  to  positive  values  ap¬ 
proaching  the  regional  impedance  phase  in  the  range  where  current  deviation 
is  the  predominant  process.  The  magnetic  fields  created  by  the  latter  process 
may  cause  a  misleading  interpretation  of  induction  arrows  especially  in  terms 
of  regional  strike  directions.  A  detailed  study  of  anomalies  of  different  sizes  and 
conductivities  embedded  in  ID  or  2D  background  structures  shows  how  these 
magnetic  distortion  effects  may  be  recognized  in  GDS  data. 


BROADBAND  MAGNETOTELLURIC  DATA  FROM  CENTRAL 
JAVA,  INDONESIA. 

O.  Ritter  (1),  A.  Muller,  F.  Echternacht,  V.  Haak  (1),  S.  Dwipa  (2),  E.  Ar- 
sadi  (3),  A.  Mahfi  (4),  S.  Byrdina  (5)  and  A.  Hoffmann-Rothe  (6) 

(1)  GeoForschungsZentrum,  Telegrafenberg,  D14473  Potsdam,  Germany, 

(2)  Volcanological  Survey  of  Indonesia,  Bandung,  (3)  Indonesian  Institute 
of  Science,  Bandung,  (4)  Gadjah  Mada  University.  Yogyakarta,  Indonesia, 
(5)  Technische  Universitat  Berlin,  Germany,  (6)  Rheinische  Friedrich- Wilhelm 
Universitat,  Bonn,  Germany. 

oritterCgfz-potsdam.de/Fax:  [49]  331  288  1235 

VV'ithin  the  framework  of  the  MERAPI  (Mechanism  Evaluation,  Risk  Assess¬ 
ment,  Prediction  Improvement)  project,  the  electromagnetic  group  of  GFZ 
Potsdam  recorded  broadband  (1000 //c  —  0.0001  Hz)  magnetotelluric  data  in 
central  Java,  Indonesia.  The  dat  a  were  collected  at  10  sites  along  a  profile  of 
about  150km  in  length  In  1997.  At  least  two  regional  conductivity  anomalies 
can  be  identified  in  a  generally  very  resistive  crust:  Induction  arrows  between 
100  s  and  1000  s  indicate  an  extended  area  o  f  upper  crustal  high  conductivity 
in  the  vicinity  of  the  Merapi  volcano,  which  is  most  certainly  caused  by  vol¬ 
canic  and  geothermal  activity  in  a  weakened  crust.  A  second  conductive  feature 
in  the  nothern  part  of  the  island  is  probably  connected  with  an  a  ctive  fault 
system.  Tensorial  analysis  of  the  data  shows  that  the  results  at  most  sites  can 
be  explained  by  two-dimensional  conductivity  structures.  Only  the  sites  near 
the  Merapi  volcano  show  some  three-dimensionality.  The  effects  of  the  coast  on 
the  da  ta  are  negligible. 


EXTREMELY  LOW  FREQUENCY  MONITORING  OF  TECTONIC 
ACTIVITY 

A.K.  Saraev.  M.I.  Pertel,  A.B.  Kocherov,  G.M.  Kadyshevich 
St.  Petersburg  State  University,  aks@aks.usr.pu.ru 

An  extremely  low  frequency  (ELF)  transmitter  located  in  Kola  peninsula  is  used  for 
ELF  monitoring  of  tectonic  activity.  It  consists  of  a  harmonic  current  generator  and  a 
60  km  length  horizontally  located  antenna.  The  value  of  a  current  in  the  antenna 
reaches  300  A.  The  operating  frequency  range  is  30-200  Hz.  A  valid  operation 
distance  is  up  to  10  000  km.  Measurements  of  harmonically  varying  fields  using 
signal  accumulation  permit  to  ensure  a  high  noise  immunity  and  accuracy.  In  a 
distant  zone  the  normal  field  of  the  source  can  be  approximated  as  a  plane  wave,  that 
enables  to  execute  authentic  interpretation  of  results.  The  use  of  extremely  low 
fi-equencies  provides  rather  large  depth  penetration  of  a  research,  at  which  an 
influence  of  interfering  seasonal  factors  is  practically  eliminated.  An  ACF  receiving 
hardware-software  complex,  technique  of  measurement  and  processing  software  has 
been  developed  for  the  ELF  monitoring.  Experimental  investigations  on  Northern 
Caucasus  and  near  St.  Petersburg  were  carried  out.  It  was  shown,  there  was  a 
possibility  to  measure  the  ELF  transmitter  signals  with  frequency  resolution  of  0.007 
Hz  and  to  register  a  small  impedance  changes  (4-6  %)  during  a  day,  which  were 
correlating  with  earth  crust  deformations  due  to  tide  phenomena.  The  measurements 
of  natural  electromagnetic  fields  in  these  experiments  permitted  to  obtain  a  lower 
(3-5  times)  accuracy,  which  depends  on  lime  of  the  day  in  addition.  The  work  has 
been  carried  out  under  ((Integration))  grant,  project  Hi  326.66. 


MECHANICAL  ENERGY  FLUX  TO  THE  SURFACE 
GEOSTROPHIC  FLOW  USING  TOPEX/POSEIDON  DATA 
R.  B.  Scott 

Department  of  Atmospheric  and  Oceanic  Sci.,  Montreal,  Canada  H3A  2K6. 
scottOzephyr .neteo.mcgill.ca/Fax:  [1]  514  369  3880 
The  rate  of  mechanical  energy  transfer  fi'om  the  atmospheric  winds  to  the 
surface  geostrophic  velocity  is  estimated  for  the  world  ocean.  The  surface 
geostrophic  velocity  is  calculated  from  the  4  year  mean  dynamic  topography 
and  the  10  day  anomaly  fields  obtained  from  the  TOPEX/POSEIDON  al¬ 
timetry  measurements.  The  wind  stress  is  obtained  from  the  NCAR/NCEP 
Reanalysis.  An  uncertainty  estimate  of  the  integrated  energy  transfer  rate  is 
more  computationally  demanding  and  therefore  focused  on  just  the  North  Pa¬ 
cific  basin.  The  uncertainty  is  based  on  the  geoid  slope  error  estimates  obtained 
from  the  JGM-3  geoid  model  coefficient  covariance  matrix.  Despite  the  low  sig¬ 
nal  to  noise  ratio,  a  meaningful  signal  can  be  extracted  since  the  energy  transfer 
calculation  involves  a  projection  of  the  estimated  geostrophic  current  onto  the 
wind  stress  field.  The  latter  is  more  strongly  correlated  with  the  surface  current 
than  the  geoid  slope  error. 


RESOLUTION  OF  MANTLE  HETEROGENEITIES  FROM  SI¬ 
MULTANEOUS  CONTINENTAL  AND  ISLAND  ELECTROMAG¬ 
NETIC  MEASUREMENTS 

Fiona  Simpson  and  Karsten  Bahr 

Institut  fiir  Geophysik,  Universitat  Gottingen,  Postfach  2341,  37013  Gottingen, 
Germany. 

f simpsonOvilXi . uni-geophy s . gvdg . de 

Many  active  tectonic  environments  are  screened  by  deep,  highly  conductive 
oceans.  Taking  long  period  magnetotelluric  (MT)  data  recorded  simultaneously 
and  continuously  over  a  three  month  period  on  two  Mediterranenan  islands 
(Moniecristo  and  Mallorca)  we  investigate  the  potential  of  electromagnetic  in¬ 
duction  data  to  resolve  oceanic  mantle  conductivities  despite  the  shielding  and 
distortion  effects  of  surrounding  sea-water  layers.  It  has  been  suggested  that 
oceanic  mantle  is  more  conductive  than  continental,  either  due  to  its  different 
chemical  composition  or  because  of  its  genesis  in  more  recent  tectonic  activ¬ 
ity.  Hypotheses  relating  to  mantle  heterogeneity  are  examined  in  conjunction 
with  MT  data  recorded  simultaneously  at  additional  sites  (nominally  600  km 
apart),  located  around  Heidenheim  (Konstanz)  and  Clamecy  (Orleans),  and 
(in  contrast)  representative  of  tectonically  stable,  continental  regions. 
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ELECTROMAGNETIC  PROPERTIES  OF  THE  SOUTHERN  KENYA  RIFT 


F.  Simpson  (n.  V.  Haak  (2)  and  M.  A.  Khan  (3) 

(1)  Geophysics  Institute,  University  of  Gottingen,  Germany 

(2)  GeoForshungsZentrum,  Potsdam,  Germany  (3)  University  of  Leicester,  England 
fsimpson@wiIli.uni-geophys.gwdg.de/Fax:  +49-55 1-397459 

Magnetovariational  (MV)  and  magnetotelluric  (MT)  data  from  20  sites  in  S.Kenya 
reveal  a  complex  structure.  The  dominant  long  period  strike  is  not  necessarily  diat 
of  the  north-south  trending  rift  in  this  region,  but  rather  trends  oblique  to  it.  The 
longer  period  induction  arrows  detect  a  significant  NW-SE  trending  conductivity 
contrast,  growing  increasingly  anomalous  to  the  east  of  the  rift.  Variations  in  tipper 
magnitude  along  two  profiles  imply  the  presence  of  a  number  of  geoelectric 
boimdaries  with  varying  strikes.  The  western  margin  of  the  rift  appears  as  a  strong 
discontinuity  in  both  MV  and  MT  data,  whereas  the  transition  from  rift  to  eastern 
flank  is  apparently  smoother.  Skew  values  at  many  sites  are  large.  Application  of  the 
Groom-Bailey  decomposition  to  the  impedance  tensor  fails  to  retrieve  a  stable, 
frequency  independent  strike  and  three-dimensionalities  are  implied.  Certain 
features  revealed  by  the  data  may  relate  to  Proterozoic  collision  of  the  Archaen 
Nyanza  Craton  and  Mozambique  Belt  and  subsequent  rift  evolution  in  a  region 
where  the  stress  field  has  rotated  remarkably  quickly. 


APPROACH  OF  THE  TECTONICAL  ACTIVE  ZONES  (VRANCEA  AREA)  BY  MT 
SOUNDINGS 
Maria  Stanica 

Geological  Institute  of  Romania,  Ro-78  344,  I  Caransebes  Str.,  Bucharest, 
stanica@igr.sfos.ro/Fax:40-l-3 128444 

By  correlating  rigorously  the  magnetotelluric  (MT)  deep  pseudosections,  carried  out 
for  six  MT  profiles  crossing  the  Eastern  Carpathians  and  the  surrounding  areas,  a 
few  important  data  concerning  the  lithospheric  dynamics,  derived  from  the  structure 
and  the  thermo-mechanical  behaviour  •  so  as  it  is  revealed  by  the  electrical 
properties,  can  appear.  The  main  features  of  the  crust  and  upper  mantle  are 
emphasiz^  in  order  to  outline  especially  the  deep  transition  structure  as  well  as  the 
appearance  of  the  sedimentary  formations  that  mask  it,  by  means  of  the  structural 
elements.  A  discussion  regarchng  some  particularities  at  fee  transition  zone  (crust- 
upper  mantle)  level,  reflected  on  electrical  properties,  is  approached.  The  variation  of 
fee  thickness  of  fee  crust  (  it  ranges  between  30-40  km  beneath  fee  Phanerozoic 
tertancs  ,  and  40-56  km  beneath  the  East  Proterozoic  Plate,  from  North  up  to  fee 
Vrancea  zone)  denotes  not  only  to  what  extent  it  was  defonnated  during  its  evolution 
but  can  deflne  a  crack  damage  factor  useful  in  predicting  fee  stress-strain 
characteristics  of  fee  rocks  for  a  certain  microstructure.  As  concerning  fee  depth  of 
the  lithosphere,  it  ranges  between  150  km  beneath  the  Eastern  Carpathians  (northern 
part)  ,  exceeding  200  km  in  Vrancea  region  and  amounting  about  250  km  in 
Tulnici  zone.  A  cross  pseudosection  and  a  structural  block-diagrama  also  reveal,  for 
this  zone,  fee  maximum  of  thickening  of  the  sedimentary  formations,  evaluated  at  18 
km. 
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MT-  AND  DC-STUDIES  CLOSE  TO  THE  SAXOTHURINGIAN- 
KHENOHERCYNIAN  SUTURE  ZONE 

Stoll,  J.B.,  K,  Bahr  and  A.  Gatzemeier 

The  depth  of  investigation  of  DC-sounding  methods  is  usually  resctricted  by  the  power 
of  the  current  transmitter  dipole  and  the  noise  and  EM  induction  process  observed  at 
the  receiver  dipole.  Especially  in  the  case  of  long  offset  DC-measurements  the  DC 
signals  range  within  the  same  order  of  magnitude  as  the  noise  and  the  inductive  field. 
This  prevents  a  proper  estimation  of  the  DC  amplitude.  However,  if  the  EM 
impedance  at  the  DC  sounding  site  is  known,  the  alternating  electrical  field  can  be 
predicted.  This  allows  to  remove  the  inductive  field  from  the  DC  time  series.  Such 
combination  of  DC  and  MT-measurements  was  applied  along  two  profiles  close  to  the 
Saxothuringian-Rhenohercynian  suture  zone.  The  distance  between  the  transmitter  and 
the  receiver  dipoles  of  the  DC-measurements  was  extended  to  30  km  at  least.  The 
DC-results  are  compared  with  the  MT-studies,  which  clearly  show  anisotropic  features 
within  the  middle  crust. 


MAGNETOTELLURICS  AND  SEISMOTECTONICS  IN  THE  ALALYSIS 
OF  ACTIVE  DOMAINS  :  AN  ESSENTUL  COMBINATION 

A.Tzanis  and  K.  Makropoulos 

Dept,  of  Geophysics  &  Geothermy,  Univ.  of  Athens,  15784  Athens,  Greece. 
atzanis@atlas.uoa.gr 

The  geoelectric  structural  trends  (GST)  derived  from  the  spatial  analysis 
(rotation/decomposition)  of  MT  and  CDS  data  collected  in  active  deformation 
zones,  exhibit  remarkable  correlation  with  seismotectonic  trends  and  nodal 
planes  of  earthquake  mechanism  solutions,  in  practically  all  cases  we  have 
examined  in  Greece  and  abroad.  In  several  cases,  the  GCT  is  consistent  with 
apparent  morphotectonic  features  and  surfece  geology.  In  some,  more  inter¬ 
esting  cases,  Ae  GST  correlate  with  nodal  planes  which  do  not  conform  with 
existing  views  of  the  active  tectonic  modes  of  an  area.  In  the  upper  crust  of  a 
tectonically  active  domain,  the  GST  may  be  explained  in  terms  of  conductors 
formed  by  water  infiltrating  through  &ult  planes  and  related  discontinuities, 
aligned  microcracks  and  anastomosing  shear  zones.  Accordingly,  the  GST 
should  be  good  indicators  of  the  corresponding  trends  and  the  location  of  ac¬ 
tive  feulting.  In  this  context,  the  spatial  information  conveyed  by  the  geoelec- 
tromagnetic  data  is  as  valuable  in  constraining  the  geometry  of  active  feulting 
and  modes  of  deformation.  Characteristic  examples  from  areas  deformed  by 
normal  and  strike-slip  faulting  are  presented  and  discussed. 


AN  ARRAY  STUDY  OF  DAILY  MAGNETIC  VARIATIONS  IN  YUGOSLAVIA 
T.  Bicskei  (I)  and  A.  Haskic  (I) 

(1)  Geomagnetic  institute.  11 306 Grocka,  Yugoslavia 

The  analisys  of  naturally  occurring  variations  of  the  Earth’s  magnetic  field  is  a  well 
established  technique  for  examining  the  electrical  conductivity  smicture  of  the  Earth. 
To  obtain  models  of  radial  condactivity  structure  in  a  small  limited  part  of  the  Eardi, 
die  three  days  of  the  diurnal  magnetic  variation  have  been  analiscd  as  recorded  by  an 
array  of  dircc-component  variometers  sited  on  territory  of  Yugoslavia.  The  derived 
conductivity  models  are  based  on  the  magnetic  field  variation  data  having  a 
characteristic  time  periodcs  ranging  from  10  minutes  to  24  hours,  using  different 
uchntque  in  dividing  Geld  components  of  the  external  and  internal  origine. 

1.  Tames  Bicskei,  Geomagnetic  institute,  11306  Grocka,  Yugoslavia 
TelTax: +381-11-635-096 
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KI.FCTRICAl,  CONDUCTIVITY  OF  EARTH'S  CRUST  AND  UPPER  MAN- 
TI.E  IN  CRIMEA 

A.l-lngcrov  121.1  1  Rokilvanskv  111.  Y.T.  Vlasov  (2) 

(1) lnstltute  ofGeophisics.POB-i38/7,  Kiev-146  Ukraina 

(2) Geophys.  Res  Lab.  «Slavula»,  POB-49,  Dnicpropetrovsk-106,  Ukraina 

More  than  2000  magnetotelluric  soundings  (MTS)  were  made  in  Cri¬ 
mea.  Cross  section  of  sedimentary  basins  was  studied  in  detail:  total 
longitudinal  conductivity  make  up  1000-1500  Sm  in  northern  and 
3000-5000  Sm  in  the  eastern  Crimea.  Crustal  conductors  are  observ¬ 
able  on  Tarhankut  peninsula  and  in  Crimean  mountains  but  the  latter 
conductors  do  not  give  rise  to  geomagnetic  variations  anomaly  Strong 
coastal  elTect  from  deep  sea  is  characteristic  of  the  southern  pari  of 
Crimea,  'fhe  complicated  near-surface  and  crustal  geoelectric  ctmdi- 
lions  leave  poor  chances  to  investigate  the  astenosphere.  The  regional 
divergence  of  ()ns  imd  pi:w  in  the  northern  part  of  Crimea  suggests  the 
existence  of  a  meridional  100-200  km  deep  conducting  strip  but  this 
version  needs  further  confirmation.  Detailed  interpretation  of  several 
profiles  is  discussed.  Large  scale  crustal  conductor  like  C'arpatian 
electrical  conductivity  anomaly  have  not  been  found  in  Crimean  Al¬ 
pine  region. 


MATHEMATICAL  MODELLING  OF  SOME  GEOELECTRICAL  FIELDS  IN 
3D  GRADIENT  MEDIA 

S.G.Kostyanev,  Dept,  of  Mathematics,  University  of  Mining  &  Geology, 

Sofia-1 100,  Bulgaria:  E-mail:  skost@staffmgu.bg/Fax:+-r359-2-621042 

This  paper  offers  new,  modem  classes  of  mathematical  models  of  geoelectrical  fields 
in  complex-  structured  3D  gradient  media,  i.e.  in  media  with  arbitrary  3D  distribution 
of  geoelectrical  conductivity.  The  corresponding  boundary  value  problems  for  the 
partial  differential  equations  are  reduced  to  systems  of  integral  equations,  whose 
approximate  solution  is  obtained  with  numerical  methods.  The  kernels  of  these 
systems  are  constructed  by  the  Green's  functions,  which  in  a  way  take  into 
consideration  the  specificity  of  the  problem  to  a  maximum  extent.  Integral  equations 
are  usually  composed  for  all  boundaries,  where  continuity  of  conductivity  is 
disturbed.  The  heretreated  method  allows  for  reading  to  a  maximum  extent  the 
complex  structure  of  the  medium  by  introducing  Green's  functions,  taking  at  that  a 
minimum  number  of  surfaces,  for  which  the  integral  equations  are  written.  The 
models  suggested  here  allow  a  maximum  appreciation  of  complex-built  structure  of 
the  geological  medium  by  introducing  Green's  function  for  gradient  semispace. 
Several  various  particular  problems,  to  which  the  described  method  suggests  an 
effective  solution,  are  considered.  Choise  of  the  problems  here  was  determined  by  the 
requirements  of  the  theory  of  direct-current  electrical  methods. 


CONDUCTIVE  STRUCTURE  OK  UKRAINIAN  CARPATIANS  FROM  EM 
OBSERVATIONS. 

l.I.Rokitvanskv  f  n.  A.l.lngcrov  (2), 

(1) lnstitulc  ofGeophisics.POB-338/7,  Kicv-146  Ukraina 

(2) Geophys.  Res  Lab.  <(Slavuta»,  POB-49,  Dniepropelrovsk-106,  Ukraina 

Cicomagnctic  variation  obscrvation.s  in  Carpathian  region  gave  the  data  for 
tracing  llic  axis  of  1200  km  long  Carpallan  clectiical  condiicllvily  anomaly 
(CA)  and  estimation  of  its  integral  longitudinal  conductivity  ('3  10*  Sm  -m). 
Wc  made  also  35  MT  S  in  the  south-east  part  of  the  Ukrainian  Ctirpathians. 
T  he  shape  of  niagnetolclluric  curves  regularly  changes  from  north-east  to 
south-west  forming  6  /ones  t)f  identical  hehiivionr  Most  interesting  MT  S 
curves  are  above  the  CA.  T  he  longitudinal  curves  define  CA  on  the  10  km 
depth:  the  transverse  ones  are  nut  sensitive  to  crustal  CA  but  they  define  a 
iiiantle  conductor  on  the  100-300  km  depth  with  conductivity  >5000  .Sm 
which  is  probably  the  aslhenospherc.  CA  transparency  for  transverse  polari- 
.sution  yields  estimation  of  the  anomaly  width  T  hus,  the  principal  crustal 
conductors  manifested  by  MTS  data  in  Caipatlans  arc  CA  subducting  in 
south-west  direction  from  moderately  conductive  seditnents  iind  a  conductive 
/one  of  Tran.scarpathian  deep  fault.  Correlation  of  electrical  conductivity 
siructuic  with  seistnisity  and  thunderstonn  activity  is  discussed,  (ieothennal 
data  and  geodynamic  history  arc  used  for  explanation  of  CA  fortnaliun  tuid 
nature. 


THE  ELECTRICAL  CONDUCTIVITY  OF  THE  CRUST  AND  UPPER  MANTLE 
IN  THE  SOUTH  EAST  EUROPE  AND  THEIR  TECTONIC  SIGNIFICANCE 

N.  Smiljanic 

Geomagnetic  institute,  1 1306  Grocka,  Yugoslavia 
esmiIjne@ubbg.etfbg.ac.yu7Fa.x  +381-11-635-096 

The  sounding  of  the  crust  and  upper  mantle  have  been  earned  out  in  the  South-East 
Europe  (former  Yugoslavia  and  surroundings)  during  last  30  years  in  field 
campaigns  of  deep  magnetotelluric  and  magnetic  soundings  as  well  as  during 
magnetic  measurements  on  the  repeat  stations.  This  results  have  been  used  to  study 
distribution  of  the  electrical  conductivity  in  different  tectonic  units  such  as  the  Alps, 
the  Dinarides,  the  Vardar  zone  and  the  Pannonian  basin.  Results  show  close 
connection  between  geological  structures  and  induction  arrows  especially  in  the 
Dinarides  and  the  Vardar  zone.  The  conductivity  of  the  crust  is  enhanced  in  some 
mobile  belts  inside  the  Dinarides  and  in  the  Vardar  zone  and  along  Sava  and 
Danube.  I  construct  2-D  model  for  two  regional  profiles  from  the  Adriatic  see  to  the 
Pannonian  basin.  They  show  that  the  conductivity  layer  in  the  upper  mantle  is  about 
200  km  in  the  area  of  the  Adriatic  coast  and  below  100  km  in  the  inner  Dinarides, 
the  Vardar  zone  and  the  South  Pannonian  basin.  Comparison  with  DSS  and  the  heat 
flow  map  show  good  correlation  with  regional  geoelectrical  structures.  Along 
ophiolitic  belts  we  have  high  conductivity  within  lower  crust  which  need  more 
detailed  soundings  for  resolving  their  connection  with  tectonic,  which  is  the  main 
goal  of  the  tuning  project. 


CORRELATION  BETWEEN  GEOTHERMAL  MODEL  OF  MACVA  AND 
ELECTRICAL  CONDUCTTVITY  OF  THE  CRUST 

M.  Mattinovic  (1).  M.  Milivojevic  (1) 

(I)  Faculty  of  mining  and  geology,  University  of  Belgrade,  Belgrade,  Yugoslavia 

Mallva  is  a  large  alluvial  plain  in  Serbia,  Between  the  Drina  and  the  Sava 
Rivers,  some  eighty  kilometers  west  of  Belgrade.  Ceotectonically,  it  lies  on 
southern  margin  of  the  Pannonian  Basin  where  it  joins  the  Dinarides.  The 
hydrothermal  system  of  Madva  was  discovered  in  1982,  when  a  high  conduaive 
geothermal  anomaly  was  detected  in  deposits  at  Dublje,  central  Madva.  The 
acquired  data  indicate  that  the  low-temperature  convective  hydrogeothermal 
system  of  Madva  is  a  part  of  a  large  regional  system,  extending  under  Madva 
Semberija  and  Srem  -  a  surface  area  of  about  two  thousand  square  kilometers. 
A  conductive  geothermal  anomaly,  the  highest  in  the  Pannonian  Basin  was 
deteaed  above  the  reservoir  in  central  Madva.  This  makes  Madva  the 
Yugoslavian,  and  Serbian,  'Red  Spot',  as  the  Pannonian  Basin  as  for  Europe 
(Horvath  et  al.,  1979).  Preliminary  geothermal  model  of  the  Maeva  geothermal 
system  indicate  a  feasible  extraction  of  geothermal  energy  near  Bogatid  of 
thermal  power  no  less  then  150  MW.  This  paper  presents  the  comperison 
between  results  obtained  by  geothermal  model  and  magnetotellurics 
investigations 


C282 


SE46  Open  session  on  marine  geophysics 

Convener:  Danobeitia,  J. 


LITHOSPHERIC  THICKNESS  IN  THE  REGION  OF  THE 
ST.  HELENA  HOT  SPOT  FROM  SATELLITE  DATA 
P.  Chmarzynski  and  P.  Janie  (Institut  fur  Geophysik,  Kiel,  D-24148  Ger¬ 
many,  6-raail:  geo23@physik.uni-kiel.de) 

The  St.  Helena  Hot  Spot  is  located  at  the  western  end  of  the  2000  km  long 
Cameroon  line,  500  km  east  of  the  Mid  Atlantic  Ridge  (MAR).  Model  calcula¬ 
tions  have  been  executed  at  the  hand  of  the  relative  young  seamounts  Kotusov 
and  Josephine  (7-9  miliion  years  old).  The  data  base  consists  of  the  bathjmet- 
ric  data  set  GEODAS  from  NOAA  with  complementary  measurements  during 
the  marine  campaign  S094  of  the  German  research  vessei  SONNE  and  satellite 
gravity  respectively  geoid  data  from  the  ESA-ERS  1  mission.  3D  elastic  litho¬ 
spheric  flexure  and  gravity  modeis  have  been  calculated  with  the  programme 
code  of  Weddeling  (1996).  It  can  be  demonstrated  that  the  global  gravity  data 
set  with  a  grid  width  of  5  min.  provides  an  unsufficient  resolution  for  modelling 
of  the  structures.  But  the  inclusion  of  geoid  data  of  single  track  profiles  allowed 
reasonable  results.  The  resulting  effective  lithospheric  thicknesses  range  from  7 
to  10  km.  This  is  less  than  the  expected  value  of  20  km  for  a  36  million  years  old 
lithospheric  plate  but  larger  than  for  comparable  Polynesian  hot  spots.  This  is 
indicative  either  for  a  "weak"  mantle  plume  or  for  a  connection  of  the  magma 
transport  system  with  MAR. 

Weddeling,  P.  (1996):  Flexure  of  the  lithosphere  due  to  the  Canary  Islands  and 
its  influence  on  the  sediment  stratigraphy  of  the  adjacent  west  Saharan  margin. 
Diss.,  Kiel. 


GEOPHYSICAL  STUDIES  IN  THE  MEDITERRANEAN  SEA 
DURING  METEOR  CRIUSE  NO.  40/1 

fi  A  Dehehani  (1),  W.  Hieke  (2),  A.  SabeUan  (1),  R.  Heinbockel  (1),  and  M. 
Gropius  (1) 

(1)  Institute  of  Geophysics.  University  of  Hamburg,  (2)  Marine  Geology,  TU 
MQnchen 
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ARCHITECTURE  AND  CRUSTAL  EVOLUTION  ACROSS  THE 
BPR  AT  22  N  FROM  THE  SOUTHERN  TIP  OF  BAJA  CALIFOR¬ 
NIA  TO  PUERTO  VALLARTA 

R.  Bartolomd  (1),  Danobeitia,  J.J  (1),  D.  Cdrdoba  (2),  J.P.  Canales  (3),  R. 
Carbonell  (1),  L.A.  Delgado-Argote  (4),  M.Romero  (2)  and  Ph.  Charvis  (5) 

(1)  Dep.  Geophysics,  Institute  of  Earth  Sciences  CSIC,  Barcelona,  Spain, 

(2)  Dep.  Geophysics,  Univ.  Compiutense  Madrid,  Spaun,  (3)  WHOI,  USA, 
(4)  CICESE,  Ensenada,  Mexico,  (5)  ORSTOM,  Viliefranche-sur-mer,  FVance. 
The  achievement  of  a  geophysical  transect,  during  the  CORTES-96  project, 
along  more  than  300  km  from  Puerto  Vallarta  to  Los  Cabos  (southern  tip  of 
Baja  California)  yield  new  views  of  the  lateral  crustal  variation  from  accretion 
at  the  East  Pacific  Rise  (22N)  till  the  contact  with  the  continental  basement  of 
the  Rivera  Plate.  Multichannel  seismic  profiies,  swath  bathymetry,  gravity  and 
magnetics  data  were  acquired  along  this  transect.  Moreover,  wide-angle  and 
refraction  seismic  profiles  recorded  in  6  OBS,  located  at  both  sides  of  the  EPR, 
constraint  the  contact  between  the  oceanic  and  continental  crust.  The  eastern 
most  magnetic  anomaly  identified  in  the  area  is  the  anomaly  2A  (3.5  Ma), 
placed  near  the  Maria  Magdalena  Rise  (MMR).  The  MCS  profile  close  to  the 
MMR  shows  scarce  sedimentation  and  high  reflectivity  suggesting  an  oceanic 
basement  outcrop  or  a  volcanic  structure.  The  integration  of  the  different  data 
aiong  the  transect  define  the  crustai  architecture  at  the  contact  between  the 
crust  generated  at  the  East  Pacific  Rise  and  the  crust  at  the  Rivera-North 
America  piate. 


TRANSVERSE  FAULTS  IN  THE  TROPICAL  ATLANTIC  FROM  KANE  TO 
ROMANCHE:  SIMILARITIES  AND  DISTINCTIONS 

Vladimir  G.  Budanov  (VNIIGeafizika,  seig  @  aha.ru,  Moscow) 

Various  segments  of  the  ridge  show  marry  similaraies,  but  they  also  exhibit 
a  number  of  fundamental  distinciions  bajmeen  their -potential  Reids, 
geochemical  characteristics  and  their  deep  strurAuie.  Novel  and  quite 
unexpected  results  were  obtairred  using  coiTtbined  analysis  of  the  gravity 
field  and  bottom  relief  Ifiin  structure  and  available  seistnic  and 
geochemical  data.  K  was  tbund  that  fracture  zones  (FZ)  similer  In  their 
bottom  relief  (Ibr  example,  Kane  and  VemaA/emadsI^  exhibit  clear 
disfinch'ons  in  their  deep  siructure  end  even  more  in  the  mineral 
composition  and  geochemistry  of  dredged  samples.  Not  all  of  the  surveyed 
FZ  can  be  classified  as  transibm  faults.  Kane,  Verna  and  Chain  wth  their 
thin  crusts,  sperfiRc  seismicity,  ate.,  are  fikety  to  be  transform  faults.  But 
the  area  south  of  KPN  (which  includes  the  Doldtams  and  Vernadsky)  and, 
probably,  the  Romanche  fault  exhibit  dislinct  ancient  geological  features 
such  as  thick,  mostly  low  density  crust  density  inversions,  numerous 
dredged  samfifes  of  serpeniinites  and  limestones.  Therefore,  the  above- 
menfibned  FZ,  patficul^  Vemedsl^  fautt,  dose  resemble  typical  rilt 
zones,  which  proves  that  the  iiansibmi  mechanism  cannot  adequately 
explain  the  processes  assosiaied  with  these  FZ-  Moreover,  it  was  shown 
that  in  Romanche,  Vernadsky  and  15»20’  FZ  tectonic  processes  prevail 
IKogan  et  at,  1985,  PussharovsWi  et  at,  1988J.  Spreading  with  fresh 
basafr  effusion  has  been  proved  tor  Vernadsky  feuK. 


The  Mediterranean  Sea  has  a  very  complex  stnicmre.  Therefore,  its  investigation 
needs  a  complex  strategy  of  methods  to  be  applied.  Since  none  of  the  parts  of  the 
Mediterranean  Sea  is  representative  for  the  whole  area,  several  sections  have  to  be 
studied.  The  problem  of  seismic  penefration  requires  sometimes  the  acquisition  of 
other  information  such  as  gravity,  magnetics,  sediment  cores  etc.  During  the 
Meteor  40/1  cruise  (November  1997)  a  combination  of  above  mentioned  methods 
were  deployed  in  order  to  study  relief  types  and  subbottom  smictures.  Aiong  several 
profiles  in  four  different  areas  gravity,  magnetics  and  bathymetric  data  were 
collected.  The  data  acquired  during  this  cruise  are  combined  vrith  the  geophysical 
results  of  Valdiva  120,  Meteor  25  cruise  and  other  available  data  in  the  research 
area. 

We  present  the  gravity  and  magnetic  anomaly  maps  of  the  area  and  will  discuss 
some  crustal  models  obtained  from  these  data. 


SEDIMENT  SUBDUCTION/ACCRETION  AT  THE  CHILEAN 
CONVERGENT  MARGIN  BETWEEN  35°  AND  40°  S 

J.  Dfaz-Naveas,  R.  von  Huene,  D.  Kiaschen  and  C.  Ranero 
GEOMAR,  University  of  Kiel,  Wischhofstr.  1-3,  D-24148  Kiel,  Germany. 
jdiaz-naveasOgeoinar.de/Fax:  [49]  431  600  2922 

Four  multichannel  seismic  reflection  lines  (called  from  N  to  S  ENAP-1,  2,  4  and 
6)  collected  off  south-central  Chile  were  processed  using  conventional  methods 
and  partly  using  pre-stack  depth  migration.  The  seismic  images  reveal  a  tec¬ 
tonic  pattern  consisting  of  mainly  four  zones  from  W  to  E.  The  zone  of 
compression  displays  a  trench  axis  almost  completely  filled  with  turbidites. 
Trench  fill  thickness  remains  constant  along  margin,  with  the  exception  of  line 
ENAP-6.  Its  sea  floor  plunge  downward  to  the  north.  Below,  the  oceanic  plate 
is  cut  by  large  normal  faults,  causing  at  line  ENAP-2  horst-graben  structures. 
The  zone  of  compression  is  best  recognized  at  line  ENAP-4,  because  of  a  se¬ 
ries  of  high-angle  (conjugate)  reverse  faults.  Beneath  the  lower  continental 
slope  a  moderately  sized  accretionary  prism  overlays  a  channel  of  subducted 
sediments;  a  big  amount  of  them  being  later  underplated.  To  the  east,  the 
backstop  seems  to  be  part  of  old  accreted  sediments.  The  upper  continental 
slope  contains  a  BSR,  which  is  however  almost  upsent  in  line  ENAP-4.  Along 
ENAP-6  the  continental  slope  is  much  wider,  and  therefore  gentler,  than  to  the 
north.  Slope  cover  sediments  are  moderately  thick  and  partly  deformed  and 
thrusted.  Finally,  the  continental  shelf  is  underlain  by  a  sedimentary  basin, 
which  varies  greatly  along  margin  in  the  degree  of  deformation. 
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QUANTIFYING  ACCRETION  IN  THE  CASCADIA  SUBDUCTION 
ZONE  OFF  WASHINGTON 

Ernst  R.  Flueh,  Dirk  Klaeschen,  Nina  Kukowski  (GEOMAR  Kiel, 
Wischhofstr.  1-3,  24148  Kiel,  eflueh@geomar.tle),  Juergen  Adam 
(Hamburg)  and  the  ORWELL  Working  Group 

Based  on  multichannel  seismic  reflection  and  coincident  wide-angle 
data  collected  in  April  and  May  1996  aboard  the  German  research 
vessel  SONNE,  we  investigate  the  style  of  sediment  deformation  in  the 
Cascadia  convergence  zone.  Cascadia  is  unusual  in  the  sense  that 
frontal  accretion  occurs  along  landward  verging  faults.  We  used 
combined  iterative  prestack-depth  migration  techniques  together  with 
velocity  analysis  from  wide-angle  recordings  to  constmct  an  optimum 
depth  section  for  detailed  structural  balancing.  Seismic  attributes  were 
used  to  constrain  physical  properties  within  the  sediment,  and  allow 
coupled  hydrothermal  model  calculations.  These  indicate  that  elevated 
pore  pressure,  caused  by  tectonic  dewatering  at  the  first  ridge,  begins 
seaward  away  from  the  deformation  front,  where  ridges  start  forming. 
Section  restoration  and  depth  to  detachment  analysis  shows  that  80%  of 
the  incoming  sediment  is  accreted.  Within  the  frontal  accretionary 
wedge,  consisting  of  three  ridges,  the  amount  of  shortening  is 
equivalent  to  the  total  plate  convergence  of  only  200000  years.  This  30 
km  wide  part  of  the  wedge  accommodates  25%  (8  km)  shortening. 


ISOCHRONOUS  CHANGES  IN  THE  IMAGES  OF  THE  CRETACEOUS 
OCEANIC  CRUST  OF  THE  ANGOLA  BASIN/SOUTH  ATLANTIC 

K.  Hinz',  S.  Neben‘.  C.  Reichert',  C.W.  Devey^  K.  GohP,  M.  Block',  H.  Meyer' 
'-Bundesanstalt  filr  Geowissenschaften  und  Rohstoffe,  Hannover,  Germany 
e-mail:  neben@sdac.hannover.bgr.de 

’-Geologisch-Palaontologisches  Instihit  der  Universitat  Kiel,  Kiel,  Germany 
’-School  of  Earth  Sciences,  Macquarie  University,  Sidney,  Australia,  formerly; 
Alfred- Wegener  Institut  fllr  Polar-  und  Meeresfoschung,  Bremerhaven,  Germany 

Along  our  MCS  flow-line  transects  (>  40000km),  located  north  and  south  of  the 
Rio-Grande-Rise/Walvis-Ridge,  we  observe  systematic  and  isochronous  structural 
changes  in  the  seismic  images  of  the  oceanic  crust  of  the  South  Atlantic  basins.  We 
can  demonstrate  the  presence  of  four  major  crustal  categories  within  the  Cretaceous 
oceanic  crust  of  the  South  Atiantic.  Two  of  these  categories  are  characterized  by 
strong  lower-crustal  reflectivity  and  very  thick  igneous  crustal  units  (determined 
from  seismic  refraction  results).  One  of  these  categories  shows  a  flat  basaltic  base¬ 
ment  and  a  sequence  of  seaward-dipping  reflectors  beneath.  Our  preferred  explana¬ 
tion  of  the  isochronous  changes  in  the  seismic  images  is,  that  there  was  some  form 
of  episodicity  between  rich  magma  (heat)  supply  (Hot  Period)  and  poor  magma 
(heat)  supply  (Cold  Period)  in  the  accretionary  processes  at  the  former  mid-ocean 
ridge  leading  to  a  cyclic  generation  of  Iherzolite-type  and  harzburgite-type  ocean 
crust.  In  order  to  test  our  theory  on  cyclic  crustal  accretion  and  variations  in  mantle 
temperature  we  propose  to  drill  six  holes  in  the  Angola  Basin  by  the  ODP-program. 


COLLOCATED  IMAGERY  AND  BATHYMETRY  MAKES  THE 
SUPER  FAST  EAST  PACIFIC  RISE  INTO  STEREO  VIEW 

Kiyoyuki  Kisimoto  (1),  Kiyoyuki  Kisimoto  (1)  and  Thomas  W.C.  Hilde  (2) 
(1)  Geological  Survey  of  Japan,  Department  of  Marine  Geology,  1-1-3,  Higashi, 
Tsukuba,  30.5-8*567  Japan  ,  (2)  Texas  A  &  M  University,  Department  of  Geology 
and  Geophysics,  College  Station,  Texas  77843,  US.A. 
kiyoCgsj  .go.  jp/Fax:  [81]  298  54  3589 

The  crest  of  the  13  deg  S-19deg  S  super-fast  spreading  segment  of  the  East 
Pacific  Rise  is  incised  throughout  its  length  with  a  narrow,  steep-sided  axial 
trough,  previously  recognized  only  at  isolated  locations.  Its  origin  has  been  vig¬ 
orously  debated  as  either  an  axial  caldera  or  as  an  axial  rift  graben.  New  long- 
range,  high  resolution  collocated  swath  imagery  and  bathymetry,  processed  into 
stereo  pairs,  shows  that  the  trough  exists  all  along  the  ridge  crest,  and  also  re¬ 
veals  new  details  of  fault  and  volcanic  relationships  along  the  ridge  crest  and 
flanks.  The  axial  trough  is  an  extensional  rift  graben  along  which  volcanic  flows 
alternately  fill,  cool  and  drain  leaving  caldera-like  collapse  structures,  bury  and 
overflow  the  rift  onto  the  ridge  flanks  and  adjacent  seafloor.  Rift  faults  are  com¬ 
pletely  covered  by  flows  as  spreading  proceed.  Faulting  on  the  ridge  flanks  is 
in  response  to  vertical  stresses  between  the  axial  crust,  buoyed  up  by  shallow 
magma,  and  the  adjacent  cooler  and  much  thicker  crust  at  the  base  of  the  ridge 
flanks.  These  faults  generally  face  seaward  and  are  commonly  draped  with  lava 
flows.  Faults  formed  at  the  base  of  the  ridge  flanks  generally  face  toward  the 
ridge,  are  not  commonly  draped  with  lava  flows,  and  are  formed  in  response  to 
horizontal  stresses  related  to  plate  motion! 


HIGH  RESOLUTION  SEISMIC  INVESTIGATION  OF  THE 
CONTINENTAL  MARGIN  OFFSHORE  VALPARAISO,  CHILE 

J.  Laursen  ( 1 ),  D.  KlSschen  (2).  C.R.  Ranero  (2)  and  R.  von  Huene  (2) 

(!)  Department  of  Earth  Sciences.  University  of  Aarhus.  DK.  (2)  GEOMAR 
Research  Center  for  Marine  Geosciences.  Christian  Albrechts  University,  Kiel,  D 
Jane.Laursen@geoserverl.aau.dk  /  Fa.K:  +45  8610  1003 

In  1995.  approximately  2000  line  km  of  high  resolution  reflection  seismic  data  were 
acquired  along  the  continental  margin  offshore  Valparaiso,  Chile,  as  part  of  the 
multidisciplinary  CONDOR  program,  conducted  by  GEOMAR.  The  survey  area 
eovers  a  two  degree  segment  extending  from  the  shelf  edge,  crossing  the  Chile 
Trench  to  the  eastern  limit  of  the  Juan  Fernandez  Ridge,  The  seismic  aquisition 
equipment  consists  of  a  24-channel,  150  m  long  active  streamer  and  a  cluster  of  4 
sleeve  guns  with  a  total  volume  of  160  cu.  inch.  Data  were  processed  using  the 
software  packages  of  GEOSYS  and  ProMAX  (6.0).  Poststack  bandwidth  of  the  data 
is  40-180  Hz.  On  most  profiles,  seismic  penetration  reaches  1-3  s  TWT,  depending 
on  sediment  and  rock  types.  Between  32  30'  and  33_00'S.  the  seismic  data  reveal  a 
large  fore-arc  basin  in  a  mid-slope  position.  -  named  the  Valparaiso  Basin.  The 
basin  is  bounded  to  the  north  by  a  NE-SW  striking  topographic  ridge,  which  is  the 
.surface  trace  of  the  eastward  subducting  Juan  Fem5ndez  Ridge.  As  the  subducting 
ridge  strikes  obliquely  to  the  direction  of  underthrusting,  the  locus  of  the  point  of 
descent  progressively  moves  southward  along  the  trench  through  time  causing  a 
progressive  uplifting  and  narrowing  of  the  middle-slope  Valparaiso  Basin.  Erosion 
and  gravitational  collapse  of  the  uplifted  slope  and  hence  destmction  of  the  fore-arc 
basin  accompany  subduction  of  the  ridge. 


POSSIBILITIES  OF  HIGH-PRECISION  MARINE  GRAVITY  FOR  THE 
STUDIES  OF  THE  MAJOR  STRUCTURES  OF  THE  OCEAN  BOTTOM 

GA.MaksImova,  V.G.Budanov,  V.LPanteleyev  (VNIlGeofIzIka,  Moscow 
State  University,  Moscow),  M.I.GurevIch  (SEVMORGEO,  St.Petersburg) 

As  gravity  was  measured  on  board  a  moving  vessel,  significant  dynamic 
errors  (about  2(3-30%)  In  observed  local  gravity  occurred,  causing  similar 
errors  In  the  density  for  the  blocks  20-30  kms  long.  The  algorithms  of  signal 
tBsforah’on  were  applied  to  compensate  for  distortions  of  useful  signal  due  to 
the  filtration  characteristics  of  the  gravity  meters  panteieyev,  1983).  Cross- 
correlation  analysis  of  the  measured  and  modeled  gravity  fields  using  known 
gravimeter  characteristics  was  employed  for  the  signal  restoration.  Local 
anomaly  values  corresponding  to  the  maximum  of  coherence  function  and 
the  minimal  phase  angle  were  regarded  as  correct.  Only  after  the  signal 
restoration  using  a  c-block  program  [Berezhnaya  and  Telepln,  1982],  the 
density  of  the  crust  was  calculated  for  a  number  of  rtfl  zones,  rifled  margins, 
transform  faults,  etc.  The  surveyes  petfotmed  in  a  number  of  test  areas 
(Kurll-Kamchatka  trench,  Kane  fracture  zone,  Philippine  Sea,  etc.)  yielded 
ttte  results  of  the  much  higher  accuracy  (about  0.5  mgal)  and  in  more  detail. 
Thus,  the  greatest  transformation  (up  to  50  mgals)  occurred  in  the  local 
anomalies  measured  over  the  arch-trench  systems  which  caused  a 
considerable  density  changes  In  a  subducfion  slab  model  and  margin  sea 
crust  Basing  on  these  results  the  new  ideas  concerning  the  crust  and  upper 
mantle  density  occuned  which  are  discussed  in  the  report 


GRAVITY  AND  SIDE-SCAN  SONAR  STUDIES  IN  THE  ROCK- 
ALL  AND  PORCUPINE  TROUGHS,  OFFSHORE  IRELAND 

K.  McGrane  (1),  P.W.  Readman  (1),  B.M.  O'Reilly  (1),  .A.W.B.  Jacob  (1) 
and  R.  Keary  (2) 

(1)  Dublin  Institute  for  .Advanced  Studies,  5  Merrion  Square,  Dublin  2,  Ireland. 

(2)  Geological  Survey  of  Ireland,  Beggars  Bush,  Dublin  4,  Ireland. 
kmgOcp.dias .  ie/Fa-x:  [353]  1  662  1477 

The  marine  free  air  gravity  and  derivative  maps  for  offshore  Ireland  reveal  a 
series  of  gravity  features  related  to  the  structural  and  crustal  make-up  of  the 
region.  Dominant  .\E-S\V  trending  fabrics  are  interpreted  as  Caledonian  in  ori¬ 
gin  and  played  a  major  role  in  the  development  of  the  Irish  Offshore  Basins. 
Transverse  NW-SE  lineaments  are  also  identified.  They  coincide  with  major  off¬ 
sets  and  changes  in  basin  margin  geometries  in  the  Rockall  Trough,  Porcupine 
and  Celtic  Sea  Basins.  The  Charlie  Gibbs  Fracture  Zone  and  the  ESE-WNW 
trending  Clare  'Lineament'  appear  as  distinct  gravity  features  and  the  Clare 
Lineament  continues  across  the  Porcupine  Bank.  Cretaceous  and  Tertiary  ig¬ 
neous  provinces,  such  as  the  Porcupine  Median  Volcanic  Ridge.  Barra  Volcanic 
Complex  and  the  Brendan  Centre  show  as  major  gravity  highs.  Distinct  gravity 
anomaly  minima  in  the  Rockall  Trough  are  caused  by  lower-crustal  thickening 
and  gravity  edge  effects.  Gravity  lows  in  the  Porcupine  may  represent  the  pres¬ 
ence  of  low-density  igneous  bodies.  Canyon  systems  mapped  with  long-range 
side-scan  (GLORI.A)  data  on  the  Porcupine  Bank  correlate  with  bathymetric 
incisions  into  the  bank  defined  by  gravity.  These  canyons  trend  oblique  to  the 
basin  margins  and  appear  to  be  related  to  regional  gravity  fabrics. 
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SEISCAN  -  EUROPEAN  MARINE  SEISMIC  ARCHAEOLOGY 

P.R.  Miles  (1),  M.  Schaming  (2),  A.  Casas  (3),  M.  Sachpazi  (4)  and  A.  Marchetti  (5) 
(1)  Southampton  Oceanography  Centre,  (2)  Ecole  et  Observatoire  des  Sciences  de  la 
Terre,  Strasbourg.  (3)  Universitat  de  Barcelona,  (4)  National  Observatory  of 
Athens,  (5)  Osservatorio  Geofisico  Sperimentale  di  Trieste. 

P.Miles@soc.soton.ac.uk  /Fax  +44-1704-596554 

SEISCAN  is  a  seismic  archaeology  project  in^the  MAST-III  Supporting  Initiative 
programme.  The  objective  is  to  rescue  the-academic  seismic  reflection  profiles, 
collected  since  the  1960s,  that  remain  only  as  paper  records.  The  project  will 
compile  metadata  on  records  acquired  in  European  waters  and  organise  digital 
scanning  throughout  the  EU  at  no  cost  to  the  contributing  organisations.  The 
electro-sensitive  EPC  linescan  records  in  question  are  readily  handled  by  modern 
scanners.  SEISCAN  is  being  co-ordinated  from  Southampton  with  the  four  other 
research  centres.  The  partners  will  be  responsible  for  liaison  with  other  centres 
throughout  Europe  in  co-ordinating  information  to  the  scanning  operations  in 
Barcelona  and  Strasbourg.  Processing  will  be  carried  out  to  specific  quality  control 
criteria.  This  will  include  enhancement  to  the  scanned  images  to  compensate  for 
background  variations  from  fading  and  the  application  of  electronic  deskew  and 
despeckle  using  commercial  imaging  software.  Images  created  by  the  project  will 
be  copied  to  CD-ROM  with  associated  navigation  files.  This  will  provide  access  to 
the  legacy  of  30  years’  research  funding. 


TECTONIC  SETTING  OF  THE  LOGACHEV  HYDROTHERMAL  FIELD 
(MAR,14“45’N). 

1.  POROSHINA*.  Y.  FOUQUET**,  G.  CHERKACHEV*,  D.  PRIEUR*** 

*  VNHOkeangeoIogia,  StPctersbufg,  Russia 
hydroth@g-ocean.spb.su 

•*  IFREMER,  Centre  dc  Brest,  Plouzane  Cedex,  France 
***  Station  Biologique  de  Roscof^  Roscof^  France 

The  Logachev  hydrothermal  field  is  situated  on  the  middle  part  of  the  eastern  rift 
valley  wall,  1000  m  above  die  inner  floor.  Different  from  odier  hydrodiermal  area^ 
Logachev  sulfide  deposits  lie  directt)[  cm  ultramafic  rocks.  The  eastern  vallty  wall  is 
anomalously  hi^  and  wide.  It  is  mainly  composed  of  serpentinized  peridotites  with 
local  gabbroic  intnisicms.  Basalts  were  detected  only  at  me  base  of  the  wall  (4  km 
away  from  the  hydrothermal  she)  during  die  Nautile  dive  (MICROSMOKE  cruise 
1995)  and  also  were  dredged  immediate^  on  the  summit  '^us,  the  most  part  of  die 
valley  wall  was  formed  in  die  process  of  die  tectonic  extension  during  the  amagmadc 
spreading  i^ase.  The  very  complicated  morphology  of  the  wall  is  determined  by 
combination  of  linear  (along-axis  and  transverse)  and  hook-like  hi^s  and  deeps. 
This  structure  mi^t  have  been  formed  in  this  area  due  to  combined  effect  of 
prolonged  mainly  amagmatic  crustal  extension  along  a  low^angle  detachment  &ult 
and  protrusions  of  buoyant  serpentinite  diapires  in  zones  of  steep  along-axis  md 
transverse  &ults.  Hi^-permeabtlity  zones  created  in  time  of  the  t^onic  extension 
phase  became  tihe  padiways  for  lateral  magma  and/or  hydrothemal  fluid  migration 
during  the  following  episodes  of  volcanic  activity  on  die  axis.  Three  periods  of 
sulfide  formadon  (^50,  33-20  th.  yrs.  ago  md  modem)  can  be  related  to  three 
volcanic  events  inferred  from  the  sedimoit  thickness  data  obtained  by  submersible 
observation. 


SEDIMENT  VELOCITY  ESTIMATION  IN  SHALLOW  WATER 

CONFIGURATION 

M.  Nardin  and  F.  Glangeaud 

L.I.S.,  Laboratoire  des  Images  et  des  Signaux,  Grenoble,  FRANCE. 

Usually,  the  estimation  of  velocity  in  sediments  is  straight  correlated  to  the 
refracted  waves.  However,  in  shallow  water  (less  than  200  m)  and  for  a  2-50  Hz 
bandwidth,  the  frequency  dispersion  affects  strongly  the  acoustic  and  seismic 
wave  propagation.  In  this  case,  two  important  physical  parameters  must  be 
considered  :  the  water  depth  and  the  velocity  discontinuity  between  the  water 
layer  and  the  first  sedimentary  layer.  This  paper  deals  with  an  example  of  a 
weak  step  of  velocity  and  a  70  meters  water  depth.  The  receiver  is  laid  on  the 
sea-floor,  recording  a  signal  Issued  from  an  airgun  located  near  the  sea-surface 
(10  m).  Shots  are  regularly  emitted  over  a  distance  of  14  km.  In  this  context, 
a  complete  velocity  analysis  and  a  modelling  with  the  normal  mode  theory  al¬ 
low  to  understand  all  the  wave  propagation.  The  various  wave  guides  including 
water  show  some  frequency  dispersion  effects.  The  fast  refracted  wave  is  not 
affected  because  it  propagates  mainly  in  sediments.  The  refracted  and  reflected 
waves  arriving  later  are  more  concerned  with  these  dispersion  effects.  Signals 
that  propagate  mainly  in  the  water  allow  to  estimate  the  two  physical  parame¬ 
ters.  With  these  estimations,  all  the  effects  of  various  wave  guides  on  refracted 
and  reflected  waves  can  be  corrected.  The  normal  mode  theory  confirms  all 
these  results  on  field  data.  Based  on  field  data  and  modelling,  our  method 
allows  to  measure  the  wave  propagation  velocities  in  underwater  sediments, 
despite  the  dispersion  effects  of  the  various  wave  guides. 


MECHANISMS  OF  SUBDUCTION  ACCRETION  ALONG  THE  OBLIQUE 
CONVERGENT  MARGIN  OFF  SOUTHERNMOST  CHILE 

A.  Polonia,  IGM-CNR,  V.  Gobetti  101, 40129  Bologna,  Italy  (alina@igm.bo.cnr.it) 
G.  Brancolini  -  OGS,  P.O.  Box  201 1, 34016  Opicina,  Trieste,  Italy 
L.  Torelli  -  Dpt.  Scienze  della  Terra,  University  of  Parma,  Parma,  Italy 
C.  Ranero  -  Geomar,  Wischhofstrasse,  1-3,  Kiel,  Germany 

The  Southernmost  Chilean  margin  was  investigated  during  1995  and  1997  in  the  frame 
of  the  Italian  Antarctic  Program  (PNRA)  by  the  K/V  OGS-EXPLORA.  Seismic, 
gravity  and  magnetic  data  were  collected  between  the  Strait  of  Magellan  (51  S)  and 
Cape  Horn  (57  S).  The  subduction  complex  records  the  complex  tectonic  history  of 
the  area  from  Paleozoic  to  recent  times,  which  is  characterised  by  different  phases  of 
accretion,  non-accretion  and  tectonic  erosion.  The  present  day  accretionary  wedge  and 
forearc  basin  are  related  to  the  recentmost  Cenozoic  convergence  between  the 
Antarctic  and  Scotia  plates,  which  resumed  after  the  consumption  of  the  Chile  mid 
oceanic  ridge  below  the  Chile  trench  (14  Ma).  Structural  style  and  geometry  of  the 
accretionary  complex  vary  along  the  margin.  Variations  in  the  depth  of  the 
dOcollement  level,  obliquity  of  convergence  and  width  of  the  terraced  continental 
slope  are  the  parameters  which  seem  to  control  structural  variability.  Low  taper  angles, 
lower  strain  rates  and  mixed  structural  vergence  are  related  to  a  deeper  dUcollement 
level  and  a  wider  continental  slope.  On  the  contrary,  large  tapers,  seaward  vergent 
structures  and  the  lack  of  a  proto-thrust  domain  at  the  toe  of  the  accretionary  wedge 
are  related  to  a  shallower  dUcollement  and  a  narrower  continental  slope.  One  profile 
has  been  processed  at  the  Geomar  processing  center  applying  pre-stack  depth 
migration.  The  new  migrated  profile  improves  the  seismic  image  of  the  accretionary 
wedge,  allows  the  recognition  of  the  true  geoemiries  in  depth  and  shows  that  the 
landward  vergent  strucuires  are  not  peculiar  of  the  proto-thrust  area  but  are  present 
also  inside  the  accretionary  wedge. 


MODELING  OF  THE  AZIMUTHAL  ANISOTROPY  HEAT 
CONDUCTIVITY  OF  THE  OCEAN  UPPER  MANTLE 

G.T  Prodavvoda  (1),  L.P.  Khoroshun  (2),  V.P.  Kobolev  (3) 

(1 )  Kiev  University,  Vasylkivska  Str.  90, 252022  Kiev,  Ukraine 

(2)  Institute  of  Mechanics,  Nesterov  Str.  8,  Kiev,  Ukraine 

(3)  Institute  of  Geophysics,  Palladina  Str.  32,  Kiev,  Ukraine 

By  method  of  conditional  moments  for  Iherzolite  model  of 
ocean  upper  mantle  with  with  space  orientation  of  the  spheric 
olivine  and  pyroxene  grains  are  calculated  heat  conductivity  tensor 
components  for  depthes.  The  heat  conductivity  anisotropy 
coefFicient  is  decreases  from  16  %  to  14  %  on  depthes  10-15  km, 
and  then  increases  to  value  17  %  with  depth.  The  presence  of  the 
horizontal  component  of  the  conductive  thermal  stream  in  plastic 
current  orientation,  together  with  mass  advectipn  causes  latheral 
temperature  gradient,  partial  fusibility  of  asthenosphere  and  its 
reologic  stratification.  It  can  enlarge  thermal  losses  upper  mantle 
at  transformation  of  the  thermal  energy  in  mechanical.  The  obtained 
results  corresponds  to  seismic  anisotropy  of  the  ocean  upper  mantle. 


STRUCTURE  OF  THE  SANDING  FOREARC  BASIN,  PACIFIC 
MARGIN  ON  NICARAGUA 

C.R.  Ranero  (11.  R.  von  Huene  (1),  E.  Flueh  (1),  M.  Duarte  (2),  Dania 
Baca  (2). 

(1)  (GEOMAR,  Kiel,  Germany),  (2)  (INE,  Managua,  Nicaragua) 
cranero@geomar.de 

Three  reprocessed  multichannel  seismic  reflection  sections  across  the 
offshore  part  of  the  Sandino  Basin  comprise  a  cross  section  about  100  km 
long.  The  cross  section  traverses  from  near  the  shoreline  to  the  upper 
continental  slope,  near  the  Middle  America  Trench.  In  addition  to 
standard  processing,  we  obtained  depth  sections  through  iterative  pre¬ 
stack  depth  migration.  The  result  is  an  accurate  depth  section  to  about  8 
km  depth.  We  have  mapped  the  seismic  basement  and  define  6  seismic 
stratigraphy  units  based  on  structure  of  the  strata,  their  seismic  character 
and  velocity  information.  Two  wells  provide  ages  of  the  main 
seismically  defined  units.  Detail  velocity  information  obtained  from 
focusing  analyses  has  been  used  as  an  indicator  of  possible  lithology.  A 
major  event  in  the  tectonic  history  of  the  basin  was  uplift  of  the  30  km 
wide  tract  that  currently  forms  the  edge  of  the  continental  platform. 
Major  uplift  was  between  early  Eocene  and  Oligocene  time.  In  the  center 
of  Sandino  Basin  two  folds  display  a  growth  history  since  pre-Eocene 
time  as  well.  The  most  important  tectonic  episodes  are  clearly  correlated 
to  the  global  kinematics  of  the  major  lithospheric  plates  in  the  area. 
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SEDIMENT  THICKNESS  IN  THE  WESTERN  WEDDELL  SEA 
(ANTARCTICA) 

Alfred  Wegener  Institute  for  Polar  and  Marine  Research,  Bremerhaven,  Germany 
jrogenhagen@awi-bremerhaven.de/Fax:  +49-471-4831-149 

The  Weddell  Sea  is  one  of  the  key  regions  for  a  better  understanding  of  the  geodyna¬ 
mics  of  the  Gondwana  breakup  which  started  180  million  years  ago.  Important  infor¬ 
mations  about  the  tectonic  processes  that  are  involved  in  the  continental  breakup  can 
be  derived  from  the  distribution  of  sediments  and  their  structure.  Due  to  the  ice  con¬ 
ditions  in  the  Weddell  Sea  region  there  are  mainly  potential  field  data  available. 

For  a  belter  interpretation  and  calibration  of  these  data  there  is  a  need  for  reflection 
and  refraction  seismic  measurements  that  yield  direct  information  on  sediment  and 
crustal  thicknesses.  During  the  austral  summer  season  96/97  seismic  reflection  data 
were  collected  in  the  non-ice  covered  area  of  the  western  Weddell  Sea.  In  addition,  we 
acquired  wide-angle  data  from  drifting  ice  floes  for  accurate  velocity  determination  of 
the  sediments.  Seismic  reflection  data  in  the  south  western  part  of  the  Weddell  Sea 
show  sediment  thicknesses  up  to  3  s  TWT.  With  P-wave  velocities  derived  from  the 
wide-angle  measurements  this  corresponds  to  a  total  thickness  of  4-5  km.  Furthermore 
a  prominent  gravity  anomaly  at  68*  S  was  investigated  by  the  seismic  network.  The 
data  reveal  that  the  gravity  anomaly  is  caused  by  basement  highs  fully  covered  by  sed- 
iments.While  in  the  eastern  part  the  basement  ridges  have  a  width  of  15  km,  the  struc¬ 
tures  broaden  to  25-30  km  towards  the  west. 


BACK-ARC  OPENING  AT  THE  TRANSITION  FROM  THE  LAU  BASIN 
TO  THE  HAVRE  TROUGH  (SW  PACIFIC), 

E.  Ruellan'.  J.  Delteil',  A.  Pelletier*,  K.  Kobayashi^  T.  Matsumoto^  I.  Wright*  and 
G.  Buffet' 

‘  CNRS  -  Geosciences  Azur ,  Valbonne,  France;  *  JAMSTEC,  Yokosuka,  Japan; 

*  NIWA,  Wellington,  New  Zealand 
mellan@faille.unice.ff 

The  Lau  Basin  and  the  Havre  Trough  are  two  continuous  active  backarc  basins 
extending  over  a  length  of  2700  km  at  the  Pacific- Australian  convergent  plate 
boundary,  in  the  SW  Pacific.  The  Lau-Havre  system  opens  since  5.5  Ma,  between 
the  Tonga-Kermadec  arc-trench  subduction  system  and  the  Lau-Colville  remnant  arc 
ridge,  with  a  rate  increasing  from  south  to  north,  from  1.5  cm/y  to  1 1  cm/y.  The 
main  focusses  of  the  Lauhavre  97  cruise  (Japan-France  New-Starmer  programme) 
were  the  mecanism  and  the  evolution  of  back-arc  opening  from  initial  rifting  to  full 
oceanic  spreading,  from  the  Havre  Trough  to  the  Valu  Fa  spreading  center  in  the 
southern  Lau  Basin,  the  influence  of  the  Louisville  Ridge  and  Pacific  slab 
subduction  on  the  back-arc  basin  tectonics,  volcanism  and  hydrothermalism. 

The  bathymetric,  seismic  reflection,  magnetic  and  rock  sampling  data  collected  allow 
to  built  a  new  sftuctural  frame  and  to  propose  a  new  tectonic  and  kinematic 
evolution  model  of  the  spreading  opening  for  the  Lau-Havre  transition  zone.  The 
Valu  Fa  spreading  presently  propagates  southward  up  to  23®40’S,  inside  an  older 
back-arc  aera,  whereas  the  rifting  seems  stopped  in  the  northern  part  of  the  Havre 
Trough,  in  response  to  the  subduction  of  the  Louisville  Ridge  at  26^S. 


MORPHOLOGIC  ANALYSES  OF  SPREADING  CENTERS  BY 
IMAGE  PROCESSING 

O.  Sardou  (1),  E.  Ruellan  (1)  and  M.  Berthed  (2) 

(1)  Geosciences  Azur,  CNRS,  250  Rue  Albert  Einstein,  06560  Valbonne  - 
France,  (2)  Institut  National  de  Recherche  en  Informatique  et  Autoniatique. 
2004  route  des  lucioles  -  06560  Valbonne  -  France. 
sardouOfaille.unice.fr/Fax:  (33)  4  93  65  27  17 

High  resolution  of  recent  multi-beam  echo  sounders  collected  on  wide  area  along 
spreading  centers  reveal  a  detailed  relief  characteristic  of  the  crustal  bending. 
The  main  submarine  geological  structures  can  be  directly  extracted  from  the 
numeric  bathymetry  by  pattern  recognition.  The  principal  advantage  of  this 
method  is  to  automate  the  detection  of  structures  in  order  to  obtain  unbiased 
results  from  well-defined  criterions  and  to  realize  quantitative  studies  on  the 
geological  structures.  We  present  two  methods  of  pattern  recognition  based  on 
the  derivatives  of  the  bathymetry.  The  first  one  is  the  detection  of  seamounts. 
These  general  shapes  of  domes  are  defined  by  positive  maximal  and  minimal 
curvatures  and  are  labelled  on  the  image.  The  second  one  is  the  detection 
of  faults  which  is  performed  with  tools  of  edge  detection  particularly  used  in 
artificial  vision.  The  relatively  fast  variation  of  the  relief  is  detected  by  maxima 
of  gradient.  This  quantitative  study  applied  to  the  bathymetry  of  a  marginal 
basin  (the  North  Fiji  Basin)  constrain  the  distribution  and  the  evolution  of 
tectonic  and  magmatic  processes  along’ the  ridge. 


MORPHOTECTONICS  OF  THE  MAKRAN  ACCRETION  ARY 
WEDGE 

T.  Schillhorn,  N.  Kukowski,  E.R.  Fluh  (GEOMAR,  Wischhofstr.  1- 
3,  24148  Kiel)  and  the  MAMUT  Working  Group  (GEOMAR,  Kiel; 
BGR,  Hannover;  Bullard  Laboratories,  Cambridge) 
(nkukowski@geomar.de) 

During  RV  Sonne  cruise  SO  123,  an  area  of  about  lOOOOkm^  of  the 
Makran  accretionary  wedge  off  Pakistan  was  surveyed  with 
swathmapping  and  Parasound  echo  sounding. 

The  morphology  of  the  wedge  is  characterized  by  several  steep 
accretionary  ridges  separated  by  remarkably  flat  areas  with  undisturbed 
sedimentation.  While  the  protothrust  is  at  different  stages  of 
development  along  the  margin,  and  the  older  accretionary  ridges  are  of 
limited  length,  the  first  ridge  is  surprisingly  homogeneous  and  steep 
with  an  elevation  of  up  to  1200m  above  the  abyssal  plane. 

East  of  62°  50',  several  zigzag  shaped  eroding  canyons  cut  the  whole 
wedge.  Some  of  these  canyons  appear  to  be  active  flow  conduits. 

Shortening  is  accomplished  completely  by  the  formation  of  the 
accretionary  ridges  with  even  the  most  landward  ridge  showing  active 
thrusts. 


SEISMIC  FACIES  AND  GLACIOMARINE  SEDIMENTATION  IN  THE 
SOUTHERN  WEDDELL  SEA 

E.  Schmidt.  W.  Jokat 

Alfred  Wegener  Institute  for  Polar  and  Marine  Research,  Bremerhaven,  Germany 
eschmidt@awi-bremerhaven.de/Fax:  +49-471-4831-149 

About  14.5  Ma  ago  the  final  steps  of  the  Gondwana  breakup  allowed  the  seaways 
around  Antarctica  to  open.  Consequently,  the  continent  was  isolated  from  the  warmer 
climate  of  lower  latitudes.  This  gave  rise  to  the  development  of  the  Antarctic  ice  sheet 
in  its  present  shape.  Anyhow,  several  advances  and  retreats  of  the  ice  masses  occured 
since  the  Eocene,  eroding  vast  areas  of  the  continental  shelf  and  leaving  characteristic 
seismic  sequences,  e.g.  prograding  reflectors,  at  the  shelf  edge. 

Changes  in  discharge  of  grounded  ice  sheets  and  thus  variations  in  extension  of  the 
large  Antarctic  ice  shelves  are  closely  associated  with  global  sea  level  changes.  The 
Filchner-Ronne  Ice  Shelf  (FRIS)  Is  the  most  extensive  body  of  floating  ice  in  the 
world  and  hence,  its  global  significance  Is  evident. 

Remnants  of  former  expansions  of  the  FRIS  are  found  mainly  in  the  eastern  parts  of 
the  shelf  edge  off  the  FRIS.  Because  of  the  glacial  overcompaction,  MCS  data  in  this 
area  suffer  from  severe  multiple  contamination.  Application  of  dip  Filter  and  inverse 
velocity  slacking  techniques  on  data  collected  by  the  AWI  in  1995  unmasked  glacial 
structures  in  the  seismic  sections  east  of  40’W.  However,  a  significant  westward  re¬ 
duction  of  glacial  influence  is  being  revealed.  Seismic  profiles  located  in  front  of  cen¬ 
tral  FRIS  at  40*W  show  little  evidence  of  glacial  advances  to  the  shelf  edge. 


TICOSECT/  COTCOR;  RESULTS  OF  WIDE-ANGLE  INVESTIGATIONS  ON 
AND  OFFSHORE  COSTA  RICA 

A.  U.  Stavenhagen  and  E.  R.  Flueh  and  the  TICOSECT  and  COTCOR  Working 
Groups  (GEOMAR,  Wischhofstr.  1-3,  24148  Kiel,  Germany, 

astavenhagen@geomar.de) 

In  1995  and  1996  two  experiments  were  carried  out  on-  and  offshore  Costa  Rica. 
During  the  1995  TICOSECT  project,  both  ocean  bottom  hydrophoncs/scismographs 
and  landslations  recorded  several  profiles  of  airgun  shots  fired  aboard  the  R/V 
MAURICE  EWING  in  three  survey  areas  along  the  Pacific  margin. 

In  1996.  during  the  COTCOR  project,  two  continental  transects  were  completed 
using  land  recordings  of  signals  from  explosive  sources. 

We  present  results  of  two  areas:  First,  the  South  Costa  Rica  transect,  from  the 
Middle  America  Trench  near  Bahia  de  Coronado  across  the  Talamanca  Cordillera  to 
the  backarc  basin  near  Limon.  We  discuss  the  image  of  the  subduction  of  the 
aseismic  Cocos  Ridge  and  compare  It  with  results  of  investigations  further  north  in 
Costa  Rica  and  Nicaragua.  The  subducting  Cocos  Plate  has  a  thickness  of  app.  12 
km,  much  thicker  than  the  oceanic  crust  further  north.  It  dips  with  an  angle  of  only 
12  degrees  underneath  the  Talamanca  Cordillera.  Down  to  a  depth  of  more  than  20 
km  a  zone  of  lower  velocity  could  be  detected.  This  layer  marks  the  boundary 
between  the  subducting  plate  and  the  laterally  homogenous  high  velocity  block  of 
the  landbridge,  which  extends  about  30  km  seaward  on  the  Pacific  margin,  forming 
the  backstop  there. 

Wide-angle  studies  off-  and  onshore  the  southern  edge  of  the  Nicoya  Peninsula  and 
the  adjacent  Gulf  of  Nicoya  are  also  shown.  Here  the  3d  velocity  structure  was 
calculated  by  iterative  rayiracing  and  automated  inversion  algorithms  of  wide-angle 
data.  A  model  of  the  shelf  could  be  generated  to  a  depth  of  15  km  showing  the 
general  seaward  continuation  of  the  ophiolithic  complexes  with  their  relatively  high 
velocities.  Locally,  sedimentary  basins  overlay  the  ophiolithic  basement,  indicating 
tectonic  movements  of  the  margin. 
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THE  SEISMIC  EXPERIMENTS  AT  THE  NORTHERN  END  OF  THE  HAVRE 
TROUGH 

N.  Takahashi(l),  S.  Abe(2),  F.  Murakami(3)  and  A,  Nishizawa(4) 

(1) Japan  Marine  Science  &  Technolocy  Center  (JAMSTEC),  Natsushima  2-15, 
Yokosuka  247,  JAPAN.  narumi@jamstec,go.jp 

(2)  Central  Research  Institute  of  Electric  Power  Industry.  JAPAN. 

(3)  Geological  Survey  of  Japan.  JAPAN. 

(4)  Hydrographic  Department,  Maritime  Safety  Agency.  JAPAN. 

The  Lau  Basin  and  the  Havre  Trough  are  active  back-arc  basin  associated  with  the 
subduction  of  an  oceanic  crust  under  an  oceanic  arc.  To  clarify  the  seismological 
feature,  we  carried  out  the  seismic  experiment  using  Ocean  Bottom  Seismometers 
(OBSs)  and  a  single  channel  hydrophone  streamer.  The  result  shows  the  major  features 
of  the  velocity  structure  around  the  northern  Havre  trough:  (1)  An  upper  crust  consists 
of  the  4-5  km/s  and  6  km/s  layers.  (2)  The  P-wave  velocity  of  the  lower  crust  is  about 
7  km/s.  (3)  The  major  feanire  is  variation  in  the  velocity  structure  between  northern 
part  from  26S  and  southern  part.  The  differences  appear  in  the  crustal  thickness  and 
the  P-wave  velocity  of  the  lower  crust.  The  thickness  of  the  crust  of  the  northern  part 
is  about  9  km  and  that  of  the  southern  part  is  about  10  km.  The  P-wave  velocity  of  the 
lower  crust  of  the  northern  part  is  7.0-7. 1  km/s,  and  that  of  the  southern  part  is  6.8-7. 1 
km/s.  We  also  found  that  two  seismically  active  regions  are  detected  outside  of  the 
DBS  array;  one  is  bathymetric  high  area  between  the  Lau  Basin  and  Havre  Trough;  the 
other  is  beneath  the  landward  slope  of  the  Ketmadec  Trench. 


FROM  Cocos  TO  CARIBBEAN  PLATE  -  GEOPHYSICAL  INVESTIGATIONS  AT  THE  PACIHC 
COAST  OF  NICARAGUA 

Ch.  H.  E.  Walther  and  E.  R.  Flueh  (GEOMAR,  Research  Center  for  Marine 
Geosciences,  D-24148  Kiel,  Wischhofstr.  1-3,  Germany) 

In  early  1996  bathymetric,  magnetic,  active  and  passive  seismic 
measurements  were  carried  out  offshore  Nicaragua.  The  major  objective  is  to 
reveal  the  transitional  structure  between  Cocos  and  Caribbean  Plate.  A  335  km 
long  refraction  profile  extended  from  the  Cocos  Plate  across  the  Middle 
American  Trench  to  the  continental  margin  of  the  Caribbean  Plate  in  Nicaragua 
using  alrguns  as  source  and  ocean  bottom  hydrophones  (OBH)  as  well  as 
landstatlons  for  recording.  Two  100  km  long  strike  profiles  were  situated  40  and 
70  km  landward  from  the  trench.  OBH  spacing  was  10  -  25  km.  In  addition  to 
the  permanent  seismological  net  on  land,  a  100  kra^  temporary  array  of  9  OBH 
monitored  the  local  seismicity  for  ten  days. 

The  results  show  a  5.5  km  thick  oceanic  crust  with  a  thin  (<0.5  km) 
sedimentary  cover.  Near  the  trench  it  dips  with  5",  60  km  landward  the  dip  is 
IS"  and  100  km  from  the  trench  it  reaches  23'.  Bathymetry  displays  only  a  small 
prism  of  accreted  sediments.  Under  the  thin  sedimentary  cover  of  the  steeper 
continental  slope  and  the  well  developed  forearc  sedimentary  basin  in  the  shelf 
area  wide  angle  seismic  velocities  range  from  4  to  5  km/s.  Together  with 
reflection  profiles  this  acoustic  basement  Is  Interpreted  as  ophlolltic  crust, 
similar  to  the  Nlcoya-like  lithology  of  Costa  Rica.  In  the  basin  area  these  rocks 
are  overlain  by  carbonate-rich  paleocene-eocene  sediments  of  similar  velocity. 
The  most  striking  feature  is  a  shaiiow  mantle  slab  between  the  continental  and 
subducting  oceanic  crust  In  a  depth  of  15  to  40  km. 


CRUSTAL  STRUCTURE  AND  MAGIMATIC  UNDERPLATING 
BENEATH  TAHITI,  SOCIETY  ISLANDS 

A.  Villasenor  (1),  J.  P.  Canales  (2),  and  J.  J.  Danobeitia  (1) 

(1)  Insituto  de  Ciencias  de  la  Tierra,  CSIC,  Barcelona,  Spain,  (2)  WHOI, 

Woods  Hole,  MA,  USA. 

juan@  sienna.whoi.edu/Fax:  -t-1  -508-457-2 1 50 

We  analyze  the  crustal  and  upper  mantle  seismic  structure  beneath  Tahiti, 
French  Polynesia,  using  wide-angle  seismic  data.  Eight  refraction  profiles 
from  PASO-94  experiment  (April  1994)  were  recorded  in  11  portable 
land-stations  and  9  ocean  bottom  seismographs.  The  experiment  was 
designed  to  provide  good  ray-path  coverage,  in  order  to  obtain  the  P- 
wave  velocity  structure  by  applying  a  three  dimensional  tomographic 
inversion  of  the  observed  arrival  times.  Theoretical  ttavel  times  are 
calculated  using  a  finite-difference  algorithm,  which  is  accurate  for  large 
velocity  variations  and  regions  of  extreme  topography.  Two  radial 
profiles  north  and  south  of  Tahiti  exhibit  normal  upper  mantle  velocities 
{>7.8  km/s),  evidencing  the  lack  of  underplated  material  beneath  the 
island.  However,  a  thick  (1. 6-2.4  km)  layer  with  velocities  from  4.4-4.9 
km/s  is  identified  over  the  pre-existing  oceanic  crust,  and  is  interpreted  as 
volcanoclastic  material  derived  from  the  island.  A  three  dimensional 
analysis  of  the  P-wave  structure  around  and  beneath  Tahiti  will  better 
constraint  the  volume  and  extension  of  the  underplated  material,  if  any, 
and  thus  provide  accurate  estimates  of  the  amount  of  volcanic  material 
supplied  by  the  Society  hotspot. 
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SUBMARINE  MORPHOLOGY  IMAGED  BY  HIGH  RESOLUTION 
BATHYMETRY 

W.  Weinrebe  C.  Kopp  (GEOMAR,  Wischhofstr.  1  -  3,  24148  Kiel, 
wweinrebe@geomar.de) 

In  marine  environments,  the  surface  of  the  solid  earth  is  covered  by  water 
and  can  only  be  mapped  with  bathymetric  methods.  As  the  seafloor  is  built 
up  by  internal  and  external  forces,  the  submarine  morphology  preserves 
information  on  internal  structures  and  tectonic  history. 

Multibeam  echosounding  systems  continuously  map  a  stripe  of  the  ocean 
bottom  with  an  acoustic  swath.  The  echo  data  is  processed  to  calculate  a 
digital  terrain  model,  which  can  be  presented  as  a  bathymetric  map  or  a 
perspective  view.  Using  calculated  illumination  details  in  the  images  are 
enhanced,  thus  revealing  much  more  morphotectonic  information  than  in 
custom  bathymetric  maps. 

Seamounts  and  active  continental  margins  are  striking  features  of 
submarine  morphology.  The  dynamic  history  of  these  areas  is 
demonstrated  in  bathymetric  images. 


DEEP  CRUSTAL  STRUCTURE  OF  THE  VoRING  BASIN:  A 
COMPARATIVE  SENSITIVITY  ANALYSIS  OF  OBS  AND  ESP 
DATA 

C.  Berndt  (1),  J.  Skogseid  (1),  S.  Planke  (1)  and  R.  Mjelde  (2) 

(1)  Institute  for  Geology,  University  of  Oslo,  P.O.  Box  1047  Blindern,  0316  Oslo, 
Norway,  (2)  Institute  for  Solid  Earth  Physics,  University  of  Bergen,  Alldgt.  41, 
5007  Bergen,  Norway. 

The  Voring  Margin  of  mid-Norway  is  characterised  by  extensional  tectonism 
and  voluminous  early  Tertiary  continental  break-up  volcanism.  Knowledge  of 
the  deep  crustal  structure  in  this  area  is  crucial  for  the  understanding  of  rift- 
related  processes  (e.g.  mode  of  rifting,  magmatic  underplating)  and  the  quan¬ 
tification  of  extension  and  the  thermal  history.  Here,  we  discuss  the  resolution 
and  reliability  of  Ocean  Bottom  Seismograph  (OBS)  and  Expanding  Spread 
Profile  (ESP)  data.  In  the  lower  crust  the  resolution  of  the  wide-angle  data 
is  mainly  dependent  on  the  ray  coverage,  which  in  turn  is  controlled  by  the 
geometry  of  the  entire  crustal  structure.  In  the  few  cases  where  arrivals  can 
be  identified  uniquely  vertical  resolution  is  about  4-/-  500  m  and  the  velocity 
resolution  -(-/-  0.3  km/s.  However,  at  one  crossing  between  OBS  and  ESP  tran¬ 
sects  we  determine  a  1.5  km  difference  in  depth  to  Moho.  Only  three  arrivals, 
including  the  Moho  wide-angle  reflection,  can  be  identified  with  high  reliabil¬ 
ity.  Numerous  other  events  ate  interpreted  to  originate  from  smaller  bodies. 
Modelling  shows  that  bodies  of  a  horizontal  extent  of  less  than  5  km  will  be 
ambiguously  identified  in  the  seismic  data,  yielding  a  wide  range  of  possible 
geological  interpretations. 
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STRUCTURE  OF  THE  120  KM-WIDE  OCEAN-CONTINENT 
TRANSITION  OF  THE  IBERIA  ABYSSAL  PLAIN  MARGIN 
(PORTUGAL)  :  PRELIMINARY  RESULTS  OF  THE  OOP  LEG  173. 

M.O.  Beslier  (Geosciences  Azur,  CNRS-Univ.  Paris  6,  B.P.  48,  F-06235 
Villefranche-sur-Mer  Cedex,  France) 

R.B.  Whiimarsh,  PJ.  Wallace  and  the  Leg  173  Shipboard  scientific  party. 

Seven  basement  highs  were  sampled  by  drilling  in  the  ocean-continent 
transition  (OCT)  of  the  Iberia  Abyssal  Plain.  Five  new  holes  drilled 
during  the  ODP  Leg  173  (april-may  1997)  complete  the  transect  through 
the  OCT  previously  explored  during  leg  149.  From  east  to  west,  the 
preliminary  drilling  results  and  the  multichannel  seismic  data  allow  (1)  to 
better  constrain  the  location  of  the  eastern  limit  of  the  OCT  at  the  foot  of 
Site  1065  high,  which  is  most  probably  the  deepest  tilted  continental 
block  of  the  margin;  (2)  to  sample  a  possibly  syn-rift  tectonic  crust- 
mantle  boundary  between  mantle  melt  products  (intensely  sheared 
gabbros,  amphibolites  with  intrusive  meta-anorthosite  and  tonalite,  sites 
900  and  1067)  and  mantle  rocks  (plagioclase  and  spinel -bearing 
peridotite,  Site  1068),  which  is  imaged  as  a  strong  intrabasement  reflector; 
(3)  to  sample  a  continental  fragment  (Site  1069)  isolated  between  mafic 
and/or  ultramafic  rocks,  which  is  the  southern  end  of  the  Galicia  Bank; 
the  strong  intrabasement  reflector  which  underlines  this  high  is  most 
probably  a  tectonic  contact;  (4)  to  sample  a  3  m-thick  body  of  pegmatitic 
gabbro  intruded  into  spinel-  (and  rare  plagioclase-)  bearing  peridotites 
(Site  1070),  which  could  represent  early  formed  oceanic  seafloor. 

A  preliminary  tectonic  model  of  formation  of  the  margin  and  the 
adjacent  OCT  is  proposed. 


ONSHORE-OFFSHORE  CORRELATION  OF  BASALTIC  FACIES  AND 
RELATED  STRUCTURES,  CENTRAL  WEST  GREENLAND. 

Anders  Boesen  &  Nina  Skaarup,  GEUS  (Geological  Survey  of  Denmark  and 
Greenland)  ab@geus.dk  or  nsk@geus.dk 

The  geological  development  of  the  West  Greenland  rifted  margin  is  closely  related  to 
the  opening  of  the  Labrador  Sea  in  Tertiary  time.  Onshore  central  West  Greenland  the 
basaltic  succession  shows  three  very  distinct  basaltic  facies;  subaerial  basalts, 
subaqueous  pillow  breccia  basalts  and  hyaloclastites.  Offshore  the  basaltic  succession 
can  be  divided  into  different  seismic  facies,  which  partly  can  be  related  to  the  basaltic 
facies  onshore.  Structural  studies  onshore  Nuussuaq  peninsula  has  revealed  a  distinct 
pattern  in  the  exposed  part  of  the  Lower  Tertiary  basaltic  formations.  The  orientation 
of  the  lava  flows,  hyaloclastites,  faults,  dikes  and  joints  shows  a  complex  systems 
which  can  be  divided  in  at  least  three  directions.  On  the  seismic  data  offshore  it  is 
possible  to  interpret  some  of  the  same  directions  of  the  lava  flows  and  fault  systems 
and  it  is  possible  to  relate  the  structural  pattern  to  the  rifting  phase  of  the  opening  of 
the  Labrador  Sea. 


THE  SOUTH-EAST  GREENLAND  VOLCANIC  RIFTED  MARGIN 

T.  Dahl-Jensen^,  W.S.  Holbrook^,  J.R  Hopper^,  J.  Korenaga^,  H.C.  Larsen^, 

P.B.  Kelemen^,  I.D.  Reid^  R.Detrick^.  G.  Kent^,  S  Bernstein*,  D.  Lizarralde* 

^Danish  Lithosphere  Centre.  0ster  Voldgade  10. 1350  Copenhagen  K,  Denmark 

-Dept,  of  Geology  and  Geophysics,  Univ,  of  Wyoming,  WY  82071  USA 

^Woods  Hole  Oceanographic  Institution.  Woods  Hole,  Mass  02543,  USA 

'^Scripps  Institution  of  Oceanography.  Univ.  of  California,  CA,  92093-0210 

Four  crustal  seismic  transects  (combined  wide-angle  and  vertical  incidence  data) 
across  the  East  Greenland  volcanic  rifted  margin  provide  an  image  of  the  spatial 
and  temporal  variation  in  margin  structure  and  early  Tertiary  igneous  crust  as  a 
function  of  distance  from  the  Iceland  hotspot  track  (Iceland-Greenland  Ridge, 
IGR),  where  the  igneous  crusta!  thickness  is  a  nearly  uniform  32-36  km.  In  the 
proximal  zone,  a  crustal  thickness  at  breakup  of  up  to  30  km  decays  gradually, 
over  about  10  m.y.,  to  9-km-thick  oceanic  crust.  In  the  distal  zone  we  see  a  rapid 
decrease  in  magmatism  from  17-18  km  during  breakup  (55  Ma)  to  9-10  km  at  51 
Ma.  These  results  suggest  a  thin  initial  thermal  anomaly  in  the  distal  zone, 
diminishing  rapidly  to  a  narrow  region  (~  150  km)  of  influence  for  plume  stem. 
The  oldest  igneous  crust  shows  a  thick,  subaerially  deposited,  seaward-dipping 
reflector  sequence  (SDRS)  with  a  smooth  basement  surface,  widening  onto 
progressively  younger  crust  northward  towards  the  IGR,  which  shows  SDRS  all 
across  to  Iceland.  The  oceanward  termination  is  marked  by  a  hummocky  basement 
reflector,  created  by  the  rapid  subsidence  of  the  spreading  ridge  below  sealevel. 
Seawards  a  smooth  basement  surface,  interpreted  to  represent  continued  high  lava 
productivity  after  the  rift  subsided  sufficiently  deep  for  longer  flows  to  be 
possible.  An  apparently  synchronous  termination  of  this  second  wedge/smooth 
basement  at  48-49  Ma  is  observed,  possibly  related  to  the  establishment  of  rift 
tecionism. 


CRUSTAL  STRUCTURE  FROM  GALICIA  INTERIOR  BASIN 
TOWARD  THE  IBERIAN  MASSIF 

Danobeitia,  J.J  (1),  D.  C6rdoba  (2),  J.  D£az,  R.  Bartolom6,  V.  Sallar6s  (1), 
S.  Sandoval,  N.Casero,  M.  Romero  (2)  and  D.  Sawyer,  C.  Zelt  (3) 

(1)  Dep.  Geophysics,  Institute  of  Earth  Sciences  CSIC,  Barcelona,  Spain, 

(2)  Dep.  Geophysics,  Univ.  Complutense  Madrid,  Spmn,  (3)  Dep.  of  Geology 
and  Geophysics,  Rice  Univ.,  Houston,  TX,  USA. 

A  seismic  experiment  carried  out  in  July-August  1997,  examined  the  deep 
crust£il  structure  of  the  Galicia  Margin.  The  leirge  airgun  seismic  source  sup¬ 
plied  by  the  R/V  Maurice  Ewing  allowed  to  record  excellent  data  up  to  350  km 
inland.  Two  main  E-W  profiles  perpendicular  to  the  shore  recorded  these  ma¬ 
rine  shooting  in  10  OBS-OBHs  and  25  portable  landstations,  providing  good 
sampling  of  the  ocean  continent  transition  zone.  The  continental  domain  is 
diaracterized  by  extensive  Hercynian  outcrops  (i.e.  Iberian  Massif)  and  the 
oceanic  domain  is  formed  by  rotated  fault  blocks  like  structures  features  that 
furnish  information  on  the  initial  rifted  period.  In  this  wide  crustal  dommn  we 
do  have  clear  reflection  and  refraction  phases  (Pg,  Pn,  PmP)  appropriate  to 
analyse  the  crustal  deformation  style  of  the  N-S  trending  Galicia  Interior  basin 
tow2Lrd  the  stable  Iberian  Massif.  A  crustal  model  mainly  based  on  the  infor¬ 
mation  recorded  by  25  landstations  deployed  along  two  profiles  perpendicular 
to  the  shore  will  provide  significant  constraints  on  the  geometry  of  the  rifting 
sequence,  along  the  Northwest  Iberian  Margin,  prior  to  the  oceanic  spreading 
during  Jurassic-Early  Cretaceous  time. 


RIFT  OF  ADEN  GULF:  OBLIQUE  RIFTING  AND  TRANSITION  BETWEEN 
CONTINENT  AND  OCEAN  LITHOSPHERE 

O.  Dauteuil  (1).  F.  Quemeneur  (1)  and  P.  Huchon  (2) 

(1)  UPR-CNRS  4661,  Rennes,  (2)  ENS,  Paris,  dauteuil@univ-rennesLfr/  Fax:  +(0)2 
99  22  60  88 

The  rift  of  Aden  gulf,  located  between  Arabia,  Somalia  and  Africa  plates,  was 
generated  during  the  westward  propagation  of  the  Indian  oceanic  ridge.  This  rift 
displays  the  particularity  to  be  located  just  at  transition  between  an  oceanic  lithosphere 
and  the  continental  domain  oft  Afars  zone.  The  bathymetric  data  and  the  acoustic 
reflectivity,  coming  from  the  TADJOURADEN  cruise,  were  used  to  map  in  detail  the 
fault  pattern  and  the  volcanic  activity.  The  rift,  oriented  N065  in  the  western  part  and 
N090  the  central  and  eastern  parts  is  formed  by  faults  trending  from  Nl  10  Jo  N130  , 
and  corresponds  to  dextral  oblique  rifting.  The  extension  direction,  deduced  from  the 
fault  histogram,  gives  a  value  of  N038  ;'J5  from  west  to  east,  whatever  the  rift  trend. 
The  volcanism  is  mainly  located  at  the  easternmost  part  of  the  studied  rift,  where  it 
fills  up  the  axial  rift.  In  the  central  and  west  segments,  the  volcanoes  are  gathered  into 
swarms  trending  roughly  perpendicular  to  the  extension  direction.  The  brittle/ductile 
transition,  estimated  from  the  inner  grabens  inside  the  rift,  deepens  from  east  to  west: 
4  km  and  12  km  respectively,  that  are  typical  values  of  oceanic  and  continental 
systems.  An  intermediate  section  of  the  rift  displays  heterogeneous  depth  values, 
indicating  the  mechanical  transition  between  the  two  lithospheres.  These  results  are 
discussed  in  terms  of  mechanics  of  rift  propagation. 


PRESTACK  DEPTH-MIGRATED  IMAGES  OF  DETACHMENT 
FAULTING:  THE  H-REFLECTOR,  IBERIA  ABYSSAL  PLAIN 

$.  M.  Dean  and  T.  A.  Minshul!  (Bullard  Laboratories.  Madingley  Road,  Cambridge 
CB3  OEZ.  U.  K.) 

R.  B.  Whitmarsh  (Challenger  Division.  Southampton  Oceanography  Centre. 
Southampton  SOM  3ZH,  U.  K) 

K.  E.  Louden  and  D.  Chian  (Department  of  Oceanography,  Dalhousie  University. 
Halifax.  Novia  Scotia  B3H  4JI) 

The  "H-reflecior”  is  a  high-amplitude,  subhorizontal  reflector  in  the  vicinity  of 
Ocean  Drilling  Program  Sites  900,  1067  and  1068  in  the  southern  Iberia  Abyssal 
Plain.  In  1995  we  acquired  a  series  of  intersecting  deep  multichannel  reflection 
profiles  which  allow  the  geometry  of  this  reflector  to  be  defined  in  three  dimensions. 
We  present  interpretations  based  on  prestack  depth  migrations  of  these  profiles  and 
velocity'  models  from  a  wide-angle  seismic  experiment  in  the  same  region.  Our 
profiles  show  that  H  is  sheei-like  in  shape  and  dips  northward  at  -10®  towards 
Galicia  Bank.  At  its  southern  limit,  H  rises  close  to  acoustic  basement.  Above  H.  in 
both  margin-parallel  and  margin-normal  profiles,  we  observe  fault-bounded  crustal 
blocks  overlain  by  triangular  packages  of  syn-rift  sediments.  The  apparent  along- 
margin  component  of  extension  may  be  attributed  either  to  the  northward 
propagation  of  the  late  Jurassic  early  Cretaceous  rift  between  Iberia  and  North 
America,  or  to  local  rotation  of  crustal  blocks  about  a  vertical  axis  due  to  along- 
strike  variations  in  the  degree  of  crustal  extension. 


C288 


A  DETACHMENT  FAULT  IN  3-DIMENSIONS?  :  SEISMIC  REFLECTION 
STUDIES  OF  THE  H-REFLECtOR,  NORTH  IBERIA  ABYSSAL  PLAIN 

S  M  Dean'.  T  A  Minshull'  and  R  B  Whitmarsh" 

'Bullard  Laboratories,  Madingley  Road,  Cambridge,  CB3  OEZ,  UK 

dean@esc.cam. ac.uk/  FAX  +44-1223-60779 

^Southampton  Oceanographic  Centre,  Southampton,  S041  3ZH,  UK 

Simple  shear  as  a  model  for  rifting  on  passive  continental  margins  has  been 
applied  to  the  Iberia  Atlantic  margin  to  explain  strong,  low-angle  reflectors  as 
major  crustal  detachment  faults.  We  examine  recently  acquired  deep  seismic 
reflection  profiles  showing  the  H-reflector  in  the  northern  Iberia  Abyssal  Plain 
(lAP),  adjacent  to  Galicia  Bank.  Pre-stack  depth  migration  of  intersecting  lines 
includes  a  margin-parallel  profile  with  which  we  constrain  the  sheet-like  nature  of 
H  and  which  provides  strong  supporting  evidence  of  the  reflector  as  a  major 
tectonic  boundary.  In  this  profile,  H  dips  at  ~I0°  northward  toward  Galicia  Bank, 
and  the  profile  defines  its  southern  extent  where  it  rises  into  the  upper  crust. 

Above  H,  the  typical  extensional  features  of  fault  bounded  blocks  of  crust  overlain 
by  triangular  packages  of  syn-rift  sediments  are  identified,  in  both  margin  parallel 
and  margin-normal  sections.  An  along-margin  component  of  extension  is  unlikely 
to  be  due  to  the  later  tectonic  history,  principally  compression  during  the  Pyrenean 
and  later  Betic  orogeny.  It  may  be  attributed  to  either  the  northward  propagation 
of  late  Jurassic/early  Cretaceous  rifting  (unzipping)  of  Iberia  and  North  America, 
or  the  rotation  of  crust  around  a  vertical  axis  related  to  a  disparity  in  the  degree  of 
extension  between  the  lAP  and  Galicia  Bank  crust  during  rifting. 


STRUCTURE  OF  THE  GALICIA  MARGIN  PERIDOTITE  RIDGE 

J.  Girardeau  (1),  Beslier  (2),  G.  Boillot  (2),  G.  Cornen  (1)  and  U.  Scharer  (3) 

(1)  Universite  de  Nantes,  (2)  Laboratoire  de  Geodynamique  sous-marine  de 
Villefranche  sur  Mer,  (3)  IPGP-Universite  Paris  7 
Girardea9chimie.univ-nantes.fr;  fax  02  40  37  49  48 

The  Galicia  Bank  exposes  on  its  western  slope  a  peridotite  ridge  covered  to 
the  north  by  a  basaltic  apron  and  cut  by  few  doleritic  dikes.  To  the  south,  it 
consists  dominantly  of  serpentinized  peridotites  with  few  dioritic  levels  but 
also  comprises  a  600m  thick  sequence  of  massive  gabbros  of  limited  NS 
surface.  In  the  gabbro  area,  peridotites  are  covered  by  chlorite-bearing 
schists  that  chemically  derived  from  differenciated  gabbros  formed  122My 
ago  (U/Pb  datations).  The  whole  is  locally  overlained  by  a  tectonic  breccia 
comprising  peridotite  and  granite  blocks. 

HT  low-stress  plastic  deformation  structures  are  ubiquitous  within  the 
peridotites  but  rare  within  the  massive  gabbros.  But  toward  the  top  of  the 
ridge,  the  peridotites  and  dioritic  levels  display  high-stress  HT  ductile 
deformation  structures,  locally  overprinted  by  LT  ductile  structures  as  well 
observed  in  the  chlorite-bearing  schists  and  in  some  peridotites.  In  the 
uppermost  levels  just  beneath  the  tectonic  breccia,  late  cataclastic  structures 
are  common. 

The  evolution  of  the  physical  conditions  of  deformations  evidenced  from 
base  to  top  of  the  ridge  let  us  believe  that  it  well  illustrates  thinning 
mechanisms  occurring  in  a  continental  lithosphere  during  stretching. 
Unfortunetely,  the  kinematics  record  do  not  fit  well  for  use  because  of  local 
dismembering  of  the  studied  outcrops. 


FORMATION  OF  ATLANTIC  VOLCANIC  MARGINS  AND  EPISODES  OF 
INTENSIVE  PRODUCTION  OF  OCEANIC  CRUST  IN  THE  ATLANTIC 

K.  Hinz  and  BGR's  Marine  Geophysical  Group 

Bundesanstalt  fur  Geowissenschaften  und  Rohstoffe  (BGR),  Hannover 

karl.hln2@bgr.de/Fax;  ++49-51 1  -643-3663 

We  can  demonstrate  that  nearly  70  %  of  the  Atlantic  rifted  margins  are 
volcanic  margins,  characterized  by  a  more  than  5  km  thick  and  about  100  km 
wide  wedge  of  seaward-dipping  reflectors  in  upper  crustal  levels  comprising 
extruded  lavas. 

The  formation  of  volcanic  margin  follows  a  common  evolutionary  model 
including  a  brief,  transient  event  of  voluminous  volcanic  activity.  Transient 
volcanic  events  occurred  in  the  Bathonian,  the  Hauterivian  through 
Barremian,  Paleocene  and  early  Eocene. 

We  observed  also  systematic  and  isochronous  changes  in  the  seismic 
images  of  Cretaceous-aged  oceanic  crust  of  the  Atlantic.  This  observation 
suggests,  that  regionally  warm  mantle  episodes  can  better  explain  for  the 
origin  of  the  volcanic  margin  instead  of  the  hot  spot  and  plume  head  models. 


Structure  and  sediment  distribution  on  the  North  Greenland  continental  margin 
and  in  the  Fram  Strait  north  of  80"N 

W.  lokat 

Alfred  Wegener  Institute  for  Polar  and  Marine  Research,  Bremerhaven,  Germany 
jokat@awi-bremerhaven.de/Fax:  +49-471-4831-149 

The  separation  of  Greenland  and  Svalbard  was  completed  approximately  10  Myr  ago, 
when  a  deep  water  gate  way  to  the  Arctic  Ocean,  the  Fram  Strait,  was  formed.  Be¬ 
tween  both  margins  a  mid-ocean  ridge  system,  the  Knipovich  Ridge,  Molloy  Rige  and 
Lena  Trough,  build  up.  However,  the  structure  of  the  margins  and  the  Lena  Trough 
north  of  80’N  were  almost  unknown  due  the  lack  of  geophysical  data. 

In  summer  1997  geophysical  data  across  the  Ob-Bank,  Fram  Strait  and  Yermak  Pla¬ 
teau  were  acquired.  The  data  show,  that  the  Lena  Trough  is  partly  covered  by  sedi¬ 
ments.  The  ridge  has  a  small  offset  at  80’  30'N.  In  its  central  part  water  depths  of  more 
than  4000  m  were  found.  The  ridge  valley  is  approximately  15  km  wide. 

The  North  Greenland  shelf  is  characterized  by  shallow  water  depths  of  less  than  50  m. 
The  upper  part  of  the  sediments  on  the  Ob  Bank  is  eroded  by  glaciers  and  the  seismic 
velocities  of  more  than  4  km/s  may  indicate  overcompaction  of  the  material.Wide  an¬ 
gle  data  indicate  that  the  sediments  are  up  to  8  km  thick.  First  results  of  the  expedition 
will  be  presented. 


THE  SOUTH-EAST  GREENLAND  RIFTED  MARGIN:  A  Record  of  Plume 
Impact  and  Later  Continental  Rupture 

H.C.  Larsen^  and  tbe  DLC  Study  Group 

'Danish  Lithosphere  Centre,  Oster  Voldgade  10,  1350  Copenhagen  K,  Denmark 

Uplift  and  glacial  erosion  of  the  Southeast  Greenland  rifted  margin  provides 
unique  access  trough  field  investigations  and  offshore  drilling  to  sample  the 
geological  record  of  continental  break-up  along  a  volcanic  rifted  margin.  The 
earliest  basaltic  magmatism  related  to  breakup  is  around  61  Ma  old  and  veiy 
similar  in  age  to  the  initial  North  Atlantic  early  Tertiary  magmatism  in  West 
Greenland,  the  Faeroes  and  the  British  Isles.  It  is  interpreted  to  reflect  rapid 
impact  and  lateral  spreading  of  the  Iceland  plume  below  the  North  Atlantic 
continental  lithosphere.  Final  breakup  took  place  around  56  Ma  and  was 
associated  with  a  major  increase  in  magmatic  fluxes  including:  Up  to  7  km  thick 
flood  basalts  overflooding  the  continental  margin  and  formation  of  new  igneous 
crust  18  -  35  km  thick  along  subaerially  exposed  spreading  ridges.  Observations 
from  drill  cores  and  cmstal  seismic  velocity  structure  of  the  new  igneous  crust  are 
consistent  with  an  average  contnent  of  13- 15  percent  MgO  and  50  percent  Si02 
and  ca.  17  percent  partial  melting  suggesting  a  mantle  temperature  anomaly  of 
100-150°C  during  break-up.  Observed  magmatic  fluxes  seem  too  high  to  be 
explained  by  passive  upwelling  and  cornerflow  below  the  developing  rift,  but  may 
be  explained  by  a  model  involving  mainly  lateral  flow  within  a  thin  sheet  of 
plume  mantle  towards  the  rift  zone  and  circulation  of  most  of  this  through  a 
relatively  shallow  melting  zone. 


SEISMIC  IMAGES  OF  3-D  VARIATIONS  IN  THE  OCEAN- 
CONTINENT  TRANSITION  OFF  IBERIA  NEAR  ODP  LEG  149 
AND  173  DRILL  SITES 

K.  E.  Louden  (1),  D.  Chian  (1)  and  T.  A.  Minshull  (2) 

(1)  Dept,  of  Oceanography,  Dalhousie  Univ,,  Halifax  NS,  Canada,  (2)  Bullard 
Labs,  Madingley  Road,  Cambridge,  U.K.. 
kloudonOis.dal.ca/Fax:  [+1]  902-494-3877 

We  present  combined  MCS  reflection  and  wide-angle  refraction  data  across  the 
ocean-continent  transition  off  Iberia  near  ODP  Leg  149  and  173  drill  sites.  Two 
E-W  and  four  N-S  migrated  MCS  profiles  are  converted  to  depth  using  veioc- 
ity  models  from  coincident  wide-angle  proflies.  These  profiles  show  consistent 
variations  in  velocity  and  reflectivity  within  the  OCT  in  both  N-S  and  E-W 
directions.  In  the  E-W  direction,  the  OCT  is  bounded  by  two  main  zones.  The 
western  zone  comprises  several  N-S  ridges  where  serpentinized  peridotites  have 
been  drilled.  The  eastern  zone  consists  in  the  north  of  stretched  continental 
fault  blocks,  underlain  by  an  "S-  like”  reflector  that  our  velocity  model  suggests 
is  a  contact  between  stretched  continental  crust  and  serpentiniged  peridotite. 
Near  Site  900,  the  continental  crust  has  been  cut  by  a  diapiric  structure,  which 
may  explain  the  variability  of  nearby  basement  samples.  Towards  the  south, 
basement  fault  blocks  disappear  into  a  transparent  layer  of  high  velocity  gradi¬ 
ent,  suggesting  the  presence  of  highly  serpentinized  peridotite.  These  patterns 
indicate  that  the  OCT  consists  of  a  complex  3-D  structure,  in  which  thinned 
continental  crust  has  been  underlain  and  intruded  by  serpentinized  mantle  with 
little  or  no  generation  of  oceanic  crust. 
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SEISMIC  VELOCITY  STRUCTURE  ALONG  PROFILE  IAM-9, 

SOUTHERN  IBERIA  ABYSSAL  PLAIN 

T.  A.  Miiishull  and  S.  M.  Dean  (Bullard  Laboratories,  Madinglev  Road.  Cambridge 
CB3  OEZ,  U.  K.) 

R.  B,  Whitmarsh  and  S.  M.  Russell  (Challenger  Division,'  Southampton 
Oceanography  Centre,  Southampton  S014  3ZH,  U.  K) 

K.  E.  Louden  and  D.  Chian  (Department  of  Oceanography,  Dalhousie  University, 
Halifax,  Nova  Scotia  B3H  411,  Canada) 

We  present  results  from  a  340-km  wide-angle  seismic  line  across  the  Iberia  Abyssal 
Plain  which  e.xtends  from  the  continental  shelf  to  oceanic  crust  marked  seafloor 
spreading  magnetic  anomalies.  West  of  a  set  of  overlapping  peridotite  ridges,  we 
find  a  typical  oceanic  crustal  velocity  structure  with  a  crustal  thickness  of-  6  km. 
Beneath  and  for  the  peridotite  ridges  and  in  the  ocean-continent  transition  zone, 
velocities  increase  from  -  5  km/s  to  -  7  km/s  in  the  upper  2-3  km  of  the  basement 
In  the  2-3  km  below  this  layer,  velocities  of  7  3-7.6  km/s  are  observed  This 
structure  does  not  resemble  either  continental  or  oceanic  crust.  A  thick  layer  of  low 
velocity  gradient  and  velocities  between  6  and  7  km/s,  typical  of  continental  crust, 
is  only  observed  where  the  crust  thickens  towards  the  continental  shelf.  Wide-angle 
or  vertical  Moho  reflections  are  not  seen  in  the  transition  zone  We  interpret  the 
upper  high-gradient  layer  as  upper  mantle  material  which  has  been  unroofed 
tectonically  and  setpentinised  20-100%  by  vigorous  hydrothermal  circulation,  and 
the  deeper  layer  to  be  10-20%  serpentinised  peridotite  We  find  no  evidence  that 
the  basement  in  the  transition  zone  has  been  formed  by  seafloor  spreading 


STRUCTURE  OF  THE  GALICIA  INTERIOR  BASIN 

M.  Perez-Ciussinve  ffl.  T,  J.  Reston  (2)  ,  C.  R.  Ranero  (1),  E.  Flueh  (1) 

(1)  GEOMAR,  Kiel,  Germany  (2)  University  of  Aberdeen,  UK. 
mperezO  geomar.de/Fax:  49-431-6002922 

The  continental  margin  off  west  Iberia  is  a  non  volcanic  margin  formed  during  the 
rifting  between  Iberia  and  New  Foundland  that  led  to  the  opening  of  the  Atlantic. 
Offshore  NW  Iberia,  between  a  narrow  shelf  and  the  Galicia  Bank  (GB),  is  the  NS 
trending  Galicia  Interior  Basin  (GIB).  This  is  failed  rift  whose  inception  ocuned  in 
the  Late  Triassic  but  experienced  later  extension  during  Late-Jurassic  to  Early- 
Cretaceous.  Final  continental  breakup  took  place  west  of  the  GB  in  late  Aptian. 

The  MCS  data  provide  two  cross  sections  that  run  from  the  continental  shelf  through 
the  GIB  up  to  the  Bank.The  GIB  has  a  symmetrical  structure  of  tilted  blocks  bounded 
by  down  to  the  basin  normal  faults.  Fan  shaped  sedimentary  units  infill  half-grabens 
between  these  tilted  blocks,  indicating  that  were  deposited  in  the  Valanginan  during 
the  main  extensional  phase.  The  sedimentary  unit  above  shows  slight  faulting, 
indicating  that  was  probably  deposited  when  GIB  was  subsiding  and  the  main 
extensional  activity  was  concentrated  to  the  west.  A  latest  Aptian  regional 
uncomfotmity  marks  the  continental  breakup.  Towards  the  GB  the  tectonic  style 
changes  consisting  of  tilted  blocks  dipping  seawards.  Overlaying  sediment  are  cut  by 
the  breakup  uncomfotmity.  No  important  extensional  tectonic  activity  is  observed  in 
sediment  younger  than  Aptian.  In  the  northern  cross  section  a  possible  detachment 
fault  deepens  towards  the  basin  and  suggests  a  detachment  level  for  the  down  to  the 
basin  faults  of  the  GIB.  West  of  the  detachment  fault  most  blocks  are  rotated 
seawards.  In  the  southern  section  no  detachment  fault  has  been  identified. 


ELASTIC  PROPERTIES  OF  SUBAERIALLY  EMPLACED  BASALTS  ON 
RffTED  MARGINS;  THE  IMPORTANCE  OF  CLAY  ALTERATION 

S.  Planke(l) 

(1)  Department  of  Geology,  University  of  Oslo,  Norway 
planke@geologi.uio.no/Fax:  -l•47-2285  4215 

Voluminous,  subaerial  basalt  complexes  are  commonly  constructed  during 
continental  breakup.  Wireline  log  data  from  boreholes  along  the  Atlantic  and 
western  Australian  volcanic  margins  reveal  a  characteristic  P-wave  velocity  (Vp) 
pattern  in  these  complexes,  with  cyclic  low-velocity  (Vp  -  2-3  km/s)  and  high- 
velocity  (Vp  -  5.5-6  km/s)  intervals.  These  large  changes  in  velocity  reflect 
morphological  variations  within  individual  lava  flows  of  1-50  m  thickness.  Ocean 
Drilling  Program  Hole  990A  on  the  SE  Greenland  margin  penetrated  14  subaerial 
lava  flows  with  very  high  core  recovery.  More  than  1000  laboratory  Vp 
measurements  were  done  on  the  core,  giving  an  average  sampling  interval  of  about 
0.15  m.  Petrological,  geochemical  and  x-ray  diffraction  analysis  of  18  samples  from 
the  upper  and  middle  part  of  three  lava  flows  show  a  good  correspondence  between 
Vp  and  the  degree  of  alteration.  The  low-velocity  intervals  are  entirely  altered  to 
clay  minerals  (smectite)  and  iron-hydroxides,  while  the  high-velocity  interiors  are 
fairly  fresh,  crystalline  basalts.  Intermediate  degrees  of  clay  alteration  are  associated 
with  intermediate  velocities  and  high  magnetic  susceptibility  values.  The  rapid 
upward  decrease  in  velocity  is  interpreted  to  reflect  the  transition  from  a  crystalline 
grain-supported  to  a  clay-supported  rock  matrix.  The  elastic  properties  of  clays  may 
thus  have  to  be  considered  with  an  equal  importance  in  basaltic  terrains  and  clastic 
sedimentary  basins  when  studying  elastic  wave  phenomena  in  these  settings. 


INVESTIGATIONS  OF  CONTINENTAL  BREAKUP  WEST  OF  IBERIA. 
NEW  PERSPECTIVES  ON  RIFTING  AND  DRIFTING. 

T.  J.  Reston 

Dept,  of  Geology  and  Petroleum  Geology,  University  of  Aberdeen,  U.K. 
treston@abdn.ac.uk 

Seismic  studies,  coupled  with  results  from  drilling,  of  the  west  Iberia  rifted  margin 
provide  new  constraints  on  the  nature  of  the  ocean-continent  transition.  The 
discovery  of  broad  (up  to  100  km)  expanses  of  partially  serpentinised  peridotites 
and  the  imaging  of  related  detachment  faults  is  particularly  important.  Serpentinised 
peridotites  are  also  an  important  component  of  oceanic  crust  formed  at  slow- 
spreading  rates,  where  the  classic  pillow-lava/sheeted  dike/gabbro  stratigraphy  may 
not  apply.  At  these  spreading  rates,  magmatism  Is  intermittent  and  spreading  may 
be  by  a  combination  of  magmatic  and  amagmatic  extension,  the  latter  represented 
by  large-scale  faulting.  Prestack  depth  migration  of  seismic  profiles  over  old 
oceanic  crust  reveals  the  presence  of  deep-rooted  and  relatively  low-angle  normal 
faults:  such  strucnires  may  have  exhumed  the  deep  crust  and  mantle  exposed  at  the 
seafloor.  The  importance  of  such  structures  in  the  formation  of  oceanic  crust 
indicates  that  slow-seafloor  spreading  is  similar  to  rifting  leading  to  continental 
breakup  at  “non-volcanic"  margins  such  as  West  Iberia.  The  similarity  between  the 
process  of  final  rifting  and  slow-spreading  may  explain  the  difficulty  in  locating  a 
boundary  between  continental  and  oceanic  domains. 


CONJUGATE  MARGINS  OF  THE  LIGURIAN  SEA,  NORTHWESTERN 
MEDITERRANEAN  :  DEEP  STRUCTURE  AND  EVOLUTION 

N.  Rollel  (11.  M.O.  Beslier  (I),  I.  Contrucci  (2)  and  J.  Deverchhre  (1) 

(1)  Geosciences  Azur,  UPMC/CNRS,  Villefranche-sur-Mer,  rollet@obs-vlfr.fr 

(2)  Laboraloire  de  G6ologie,  University  de  Corse,  Corte 

We  present  new  results  on  the  crustal  geometry  of  the  Ligurian  Sea  from 
multichannel  seismic  (MCS)  and  wide-angle  seismic  (WAS)  data  acquired  during 
MALIS  cruise  (1995).  The  Ligurian  basin  differs  from  Atlantic-type  oceans  by  a 
quick  and  short  Oligo-Miocene  opening,  giving  birth  to  narrow  and  segmented 
conjugate  margins  with  contrasted  geometry  and  structure  which  are  described  here. 
The  Provenjal-Ligurian  margin  (PLM)  is  generally  composed  of  two  -15  km  wide 
tilted-fault  blocks,  whereas  the  Corsican  margin  depicts  shorter  ones  below  volcanic 
rocks.  Over  50  km  along  the  eastern  PLM,  we  observe  highly  reflective,  parallel, 
landward  dipping  reflectors  at  the  base  of  the  crust  between  8  and  1 1  km  depth.  We 
improve  the  basement  and  Moho  geometry  thanks  to  a  forward  modeling  of  WAS 
data.  The  top  of  the  basement  deepens  down  to  9  km  depth  in  the  basin  and  the 
Moho  rises  abruptly  from  21-26  km  depth  under  the  upper  slope  to  13-15  km  in  the 
basin.  On  the  Corsican  margin,  the  rough  geometry  of  the  Moho  proposed  here 
allows  us  to  precise  the  opening  style  of  the  Ligurian  sea.  Finally,  we  evidence  a 
huge  lowstand  system  tract  (slope  fan)  connected  to  the  salt  layer  at  the  foot  of  the 
margins,  witness  of  the  Messinian  salinity  crisis.  Deformation  at  the  base  of  these 
erosional  deposits  and  other  current  tectonic  clues  in  the  PLM  and  the  basin  confirm 
the  recent  compressive  reactivation  of  the  easternmost  foot  of  the  PLM  linked  to  the 
on-going  convergence  between  Europe  and  Africa. 


MAGNETIC  STUDIES  IN  THE  IBERIA  ABYSSAL  PLAIN:  SOURCE  BODY 
CHARACTERISATION  ACROSS  THE  OCEAN  CONTINENT  TRANSITION 

S.M. Russell  and  R.B.Whitmarsh 

Southampton  Oceanography  Centre,  European  Way,  Southampton,  U.K. 
Simon.M.Russell@soc.soton.ac.uk 

Inversions,  forward  models  and  series  analysis  of  magnetic  anomaly 
signals,  in  profile  and  chart  form,  reveal  significant  differences  in  source 
bodies  across  and  parallel  to  the  margin  in  the  Iberia  Abyssal  Plain.  A  strong 
partition  of  magnetic  source  types  is  defined  parallel  to  the  margin  and 
coincident  with  a  peridotite  ridge:  to  the  west  basement  is  strongly 
magnetized,  and  to  the  east,  it  is  generally  more  weakly  magnetized  with 
some  regions  of  higher  magnetization.  The  former  is  interpreted  as  typical 
seafloor  spreading  oceanic  crust,  the  latter  as  transitional  basement  with  at 
least  one  local  occurrence  of  oceanic  crust  or  strongly  serpentinized 
transitional  basement.  The  transitional  basement  is  interpreted  as  either 
weakly  serpentinized  mantle  peridotite,  intruded  mantle  peridotite  or 
intruded  thinned  continental  crust.  The  peridotite  ridge  itself  is  generally 
weakly  magnetic.  Patterns  of  source  solutions  suggest  most  sources  strike 
approximately  N-S  across  the  transitional  region  and  may  lie  at  depths 
greater  than  the  top  of  basement.  However,  this  zone  might  also  be 
subdivided;  a  western  zone  with  many  linear  source  solutions,  and  an 
eastern  zone  lacking  in  source  solutions.  This  may  suggest  variations  in 
magnetic  source  generation,  through  time  either  as  intrusions  or 
serpentinization  contrasts,  or  the  heterogeneity  of  the  original  peridotite. 
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SEAWARD-DIPPING  REFLECTOR  SEQUENCES  AT  SOUTH  ATLANTIC 
PASSIVE  MARGINS  AND  THE  SOURCE  OF  MAGNETIC  ANOMALY  G 

B.  Schreckenberger.  K,  Hinz  and  S.  Neben 

Bundesanstalt  fiir  Geowissenschaften  und  Rohstoffe,  Hannover,  Germany 
b.schreckenberger@bgr.de/Fax;  +49-511-643-3663 

DSDP/ODP  drill  holes  into  several  seaward-dipping  reflector  sequences  (SDRS) 
show  that  they  are  composed  of  a  great  number  of  thin  basalt  flows  that  were  em¬ 
placed  subaerially  or  under  shallow-water  conditions.  Drilling  results  also  show  that 
the  basalts  possess  a  high  natural  remanent  magnetization  (NRM).  NRM  values  for 
the  Vpring  Plateau  basalts  (core  samples  of  ODP  Site  642E)  give  a  mean  (effective) 
magnetization  of  4.0  to  4.5  A/m  for  the  whole  volcanic  section.  A  magnetic  model 
using  this  magnetization  for  the  SDRS  on  the  Vpring  Plateau  gives  an  excellent  fit  to 
the  observed  magnetic  anomalies.  Reflection  seismic  data  from  the  South  Atlantic 
margins  off  Argentina  and  Namibia/South  Africa  show  SDRS  that  coincide  with  the 
magnetic  anomaly  G.  Magnetic  modeling  confirms  that  the  SDRS  are  the  source  of 
anomaly  G.  On  some  lines  were  SDRS  have  been  identified  on  seismic  records,  a 
distinctive  magnetic  anomaly  does  not  exist.  The  following  mechanism  explains  the 
high  and  stable  NRM  of  SDRS  and  predicts  that  strong  magnetic  anomalies  should 
be  associated  with  them  when  they  were  extruded  within  one  polarity  interval: 

•  Single  basalt  flows  that  cool  quickly  after  their  subaerial  emplacement  acquire  a 
strong  and  stable  thermoremanent  magnetization. 

•  The  successive  accumulation  of  single  flows  results  in  the  formation  of  thick 
wedges  of  SDRS  having  NRM  intensities  that  are  typical  for  the  much  thinner  pillow 
basalt  layer  of  'normal'  oceanic  crust. 


REVIEW  OF  THE  OCEAN-CONTINENT  TRANSITION  (OCT)  IN  THE 
SOUTHERN  IBERIA  ABYSSAL  PLAIN,  WEST  IBERIA  MARGIN 

R.8.  Whitmarsh,  ODP  Legs  149/173,  Discovery  Cruise  215  Scientific  Parties 
Southampton  Oceanography  Centre,  European  Way,  Southampton,  U.K. 
bob.whitmarsh@soc.soton.ac.uk/Fax  +44-1 703-596554 

Since  1986  seven  research  cruises  and  two  ODP  drilling  legs  have  acquired 
data  in  the  southern  Iberia  Abyssal  Plain.  Charts  of  basement  relief  and 
magnetic  anomalies  show  margin-parallel  highs  and  lows  west  of  a  margin- 
parallel  peridotite  ridge  (PR).  Although  new  seismic  velocity  models  and 
modelling  of  sea-surface  and  deep-towed  magnetometer  profiles  are 
consistent  with  seafloor  spreading  beginning  here  during  anomaly  M3  time 
recent  drilling  did  not  core  rocks  characteristic  of  oceanic  crust.  East  of  the 
PR  the  magnetic  anomalies  are  mostly  smaller  but  often  sub-parallel  to  the 
margin,  basement  magnetisation  is  weaker  and  basement  relief  is  not 
strongly  elongated.  Tops  of  magnetic  source  bodies  may  lie  as  deep  as  3  km 
into  basement.  Also  east  of  the  PR  multichannel  seismic  reflection  profiles 
show  either  1)  fault  blocks  that  decrease  in  size  oceanward  and  are 
underlain  by  listric  faults  (drilling  at  3  sites  strongly  suggests  these  are 
blocks  of  continental  cnjst)  or  2)  a  deeper  region  of  usually  lower  relief, 
sometimes  characterised  by  a  seismically  unreflective  1-2.5-km-thick  top 
basement  layer  of  probable  strongly  serpentinized  peridotite.  Evidence  of 
synrift  magmatism  is  scarce  or  ambiguous.  Development  of  the  OCT  was 
dominated  by  tectonism  over  a  wide  range  of  scales,  including  high-  and 
low-angle  lilhospheric  faults. 


THE  CONTINENT/OCEAN  BOUNDARY  OF  BAY  OF  BISCAYE 

1.  Thinon  (1, 2),  L.  FIdilgo  (1.2).  J.P.  Rehault  (2)  and  J.L.  Olivet  (1) 

(1)  Iftemer-Brest  (lirance);  (2)  Uoiverslti  de  Bittagne  Occldeniale  (France) 
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The  /Wnorican  Basin  is  located  at  the  foot  of  the  notlhem  non-volcanie  rifted 
margin  of  the  Bay  of  Blscaye.  South  of  this  very  deep  basin,  the  continent-ocean 
boundary  was  locat^  on  a  Urge  negative  roogneilc  lineament  linked  to  a  long 
basement  ridge,  the  North  Biscaye  Ridge.  We  wUl  present  Interpretations  from  new 
deep  multichannel  seismic  reflection  profiles  (NOROASIS  cruise,  1994)  crossing 
the  Armorican  continental  margin,  the  Armorican  Basin  and  the  North  Biscaye 
Ridge i 

-  Beneath  the  margin,  the  continental  crust  is  thinned  mainly  due  to  the 
vanishing  of  the  layered  lower  cnist. 

•  Within  the  northern  part  of  the  Armorican  Basin,  the  thinned  upper 
conilnentai  crust  lies  directly  on  a  bulged  mantle.  Internal  low  frequency  refieciors 
appear  within  this  mantle,  which  deep  oceanwards  and  are  pvncaied  by  the  overlying 
layer. 

-  Adjacent  to  this  northern  part,  the  aeowHic  basement  is  deeper  and  hardly 
defined.  A  major  tectonic  faulL  within  the  upper  mantle  Uyer,  separates  deeply  this 
30  km  large  domain  from  the  previous  one. 

•  Further  south,  the  oceanic  domain  appears  shallower,  marked  by  an  Irregular 
and  diffracting  surface  and  linked  to  the  No^  Biscaye  Ridge  which  was  reactivated 
by  a  main  compressive  Eocene  deformation. 

•  South  of  this  basement  ridge,  which  appears  to  be  oceanic,  acoustic  basement 
is  non  deformed  and  subsided. 


SE47  Structure  and  composition  of  oceanic 
lithosphere 

Convener:  Danobeitia,  J. 

03  Processes  of  crustal  accretion  at 
mid-oceanic-ridges 

Convener:  Escartin,  J. 

Co-Conveners:  Canales,  J.P.;  Cochran,  J.R. 


COMPARISON  OF  CRUSTAL  STRUCTURE  BENEATH  A  RO¬ 
BUST  AND  A  NON  ROBUST  REGION  OF  THE  SEPR 

Sara  Bazin  and  Alistair  J.  Harding  and  John  A.  Orcutt 

IGPP,  Scripps  Institution  of  Oceanography,  UCSD,  La  Jolla,  CA  92037-0225. 

In  1991,  a  two-ship  multichannel  emd  OBS  (Ocean  Bottom  Seismometers)  ex¬ 
periment  (TERA)  was  conducted  on  the  Southern  East  Pacific  Rise  (SEPR) 
at  17®20*S.  The  rise  axis  is  broad  and  inflated,  the  magma  sill  is  very  shallow 
and  submersible  observations  provide  evidence  for  recent  eruptions,  suggest¬ 
ing  active  magmatism.  Common  Depth  Profiles  (CDP)  and  Expanding  Spread 
Profiles  (ESPs)  were  deployed  while  airgun  shots  were  recorded  by  4  OBSs.  We 
will  present  a  combined  3D  tomographic  inversion  of  P-wave  arrivals. 

During  the  MELT  experiment,  OBS  data  were  also  collected  150  km  north 
of  the  TERA  eu-ea.  The  350  km  seismic  profile  of  the  northern  MELT  array 
crossed  the  SEPR  at  15®55’S  near  a  small  overlapping  spreading  center  (OSC). 
This  part  of  the  rise  axis  is  narrow,  exhibits  a  triangular  cross  section  and  no 
magma  chamber  sill  is  seen  with  seismic  reflection  methods.  A  total  of  2515 
vertical  component  Pg,  PmP  and  Pn  traveltime  arriv’als  were  picked  along  5 
record  sections. 

We  will  compare  the  ridge  structure  below  these  two  very  different  regions  of  the 
southern  SEPR  through  inovative  tomographic  techniques.  Preliminary  results 
already  indicate  that  crustal  thicknesses  are  similar  in  the  two  regions.  These 
observations  could  argue  against  magma  supply  models  for  ridge  segmentation 
in  which  magma  supply  is  enhanced  beneath  shallow  portions  of  the  ridge  crest 
and  is  depleted  at  the  ends  of  a  segment  near  OSCs  or  other  discontinuities. 
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SEGMENT-SCALE  CRUSTAL  STRUCTURE  VARIATIONS 
WITHIN  THE  RIFT  MOUNTAINS  OF  THE  MID-ATLANTIC 
RIDGE  (35"N) 

J.  P.  Canales.  R.  S.  Detrick 

WHOI,  Dep.  Geology  and  Geophysics,  USA 

juan@sieima.whoi.edu/Fax:+l  508  457  2150 

We  present  the  results  from  combined  forward  modeling  and  2D 
tomogn^hic  inversion  of  wide-angle  seismic  reflection  data  recorded  on 
ocean  bottom  hydrophones  along  the  western  rift  mountains  of  the  Mid- 
Atlantic  Ridge  (MAR)  at  .35”^  The  study  area  is  part  of  the  B.ullseye 
Seismic  Experiment  (Ocl.-Nov.  1996)  over  two  MAR  segments,  the  OH-1 
between  the  Oceanographer  Fracture  zone  (OFZ)  and  the  34*30’N  non¬ 
transform  offset  (NTOl),  and  OH-2  between  NTOl  and  NT02  at  34®N. 
The  objectives  are:  (1)  determining  variations  in  seismic  crustal  stnicture 
as  the  crust  is  transferred  from  the  axial  valley  to  the  rift  mountains,  and 
(2)  analyzing  along-axis  variations  in  crustd  structure  from  Inside  to 
outside  comer,  and  between  segments  across  an  NTO.  The  record 
sections  show  good  signal-to-noise  ratios  up  to  60  km  offsets,  in  some 
cases  op  to  80-100  km  ranges,  allowing  resolution  of  the  P-wave  velocity 
structure  up  to  80  km  b.s.f.  In  the  western  rift  mountains  of  OHl  the 
velocity  structure  in  the  upper  3  km  of  the  crust  is  relatively  homogenous 
along-axis.  The  lower  crust  (3-6  km  b.s.f.)  at  the  center  of  OHl  is 
characterized  by  velocities  of  7.0-7. 2  km/s.  At  the  base  of  the  crust  we 
find  anomalous  velocities  (7.2-7.5  km/s)  intermediate  between  typical 
lower  crust  and  upper  mantle  that  we  interpret  as  a  transitional  Moho. 
This  transition  thins  towards  the  segment  ends  indicating  crustal  thinning 
consistent  with  gravity  observations.  Although  a  very  thin  mafic  crust 
may  be  present  beneath  NTOl  and  OFZ,  seismically  it  is  associated  with 
low  P-wave  velocity  (<6.0  km/s)  at  3  depth.  The  low  velocity  and 
linear  velocity  gradient  of  both  discontinuities  may  reflect  high  degree  of 
aeration  and  fracturing  of  the  crust  and  uppermost  mantle. 


Crustal  thickness,  regional  axial  depth  and  melting  parameters  at 
slow  spreading  mid-ocean  ridges. 

Mathilda  Cannat  CNRS/  University  Pierre  et  Marie  Curie. 

This  paper  discusses  the  effect  of  having  a  slow  spreading  rate  on  the 
relation  between  regional  axial  depths,  and  melting  parameters  such  as  melt 
thiclmess,  mean  rate  of  melting  (mean  F,  that  can  be  translated  into 
predicted  NaS.O  content  of  basalts  using  the  relation  proposed  by  Klein  and 
Langmuir,  JGR,  92,  1987),  mean  pressure  and  maximum  rate  of  melting. 
Compared  to  what  happens  at  faster  spreading  rate,  these  relations  should  be 
perturbed  by  enhanced  conductive  cooling  in  the  mantle  beneath  the  ridge, 
and  by  the  incorporation  of  mantle-derived  serpentinized  peridotites  in  the 
crust.  The  model  used  assumes  that  regional  axial  depths  reflect  isostatic 
compensation  and  that  mantle  and  melt  flow  beneath  the  ridge  are  passive, 
and  calculates  melting  parameters  in  the  same  way  as  in  Langmuir  et  al. 
(AGU  Geophys.  Mono^.  71,  1992).  As  already  shown  by  Bown  and  White 
(EPSL,  121,  1994)  and  contrary  to  predictions  by  Reid  and  Jackson  (Mar. 
Geophys.  Res.,  5,  1981),  melt  thicknesses  and  mean  F  appear  to  be  mostly 
controlled  by  mantle  solidus  temperatures.  They  vary  very  little  with 
spreading  rate,  except  at  full  rates  slower  than  about  1.2  cm/yr.  The 
incorporation  of  serpentinized  peridotites  in  the  crust  affects  the  relation 
between  melt  thickness  (M)  and  regional  axial  depth  (Z):  for  a  given  value 
of  M,  Z  decreases  as  the  proportion  of  serpentinized  peridotites  in  the  crust 
increases.  These  predictions  are  discussed  in  view  of  published  data  on 
regional  depths,  seismic  crustal  thickness  and  basalt  major  elements 
composition  at  slow  and  ultra-slow  ridges. 


GEOLOGICAL  SETTING  OF  THE  AREAS  OF  HYDROTHERMAL 
ACTIVITY  ON  THE  KNIPOVICH  RIDGE. 

G.  CmRKASHEV*.  l.POROSHINA*,  K.CRANE** 

*  VNllOkeangeoloma,  StPetersburg,  Russia 
nydroth@g-ocean.spb.su 
♦*  Hunter  College,  NY,  USA 

Two  areas  of  hydrothermal  activiw  were  revealed  based  on  the  CTD  data  on  the 
ultra-slow  spreading  Knipovich  Ridge  in  the  North  Atlantic  during  the  IW 
Logachev  cruise  in  1996.  Both  areas  are  located  near  the  ends  of  the  same  tectonic 
segment,  at  76‘’47’N  and  Zones  of  non-transform  offsets  and  adjacent 

regions  of  valley  floor  are  characterized  by  bathymetric  highs  and  recent  volcanic 
acfivip'  whereas  in  the  central  part  of  the  segment  the  valley  floor  is  relatively 
subsided  and  mostly  buried  by  thick  sediment  cover.  Bathymetnc  hi^  associated  to 
norfliem  end  of  the  seraent  is  manifested  by  the  120-m  high  transverse  terrace  of 
volcanic  origin.  Its  surface  is  composed  of  young  piUow  and  plaw  Ixisalts  widiout 
visible  sediment  cover.  Southeastern  flank  of  the  terrace  is  conholfed  by  &ult  scarp 
parallel  to  the  spreading  axis  with  young  lava  breccias  at  its  base.  The  hydrothermal 
activity  indicators  are  dkected  at  the  intersection  of  this  &ult  (whidi  apparently  was 
a  magma  conduit)  and  transverse  fiacture  zone  connected  with  fhult  scarp  series  on 
the  nft  valley  walls.  Structural  pattern  of  the  southern  end  of  the  segment  is 
determined  by  the  500-m  high  axial  volcanic  ridge  situated  asymmetrically  to  the 
median  valley  floor.  It  lies  close  to  the  eastern  vaUey  wall  and  converges  obliquely 
to  intersect  the  wall  just  north  of  the  non-transform  off^.  According  to  side-scan 
sonar  data,  theyoungest  unsedimented  basalts  of  die  axial  ridge  are  associated  with 
lower  part  of  its  eastern  slope  and  with  adjacent  linear  deep.  Sediment  cover  is 
absent  also  within  the  scarp  of  eastern  valley  wall  that  suggests  its  recent  tectonic 
activity.  Near  76‘’38’N  me  rift  valley  is  crossed  by  the  transverse  tectonic 
dislocation  manifested  by  small  lateral  offsets  of  the  valley  wall  sc^s  and  by 
change  in  configuration  of  axial  volcanic  ridge.  The  hydrothermal  activity  is  related 
to  me  intersection  of  me  along-axial  &ult,  which  controls  me  regon  of  recent 
volcanic  and  tectonic  activity,  wim  zone  of  transverse  tectonic  dislocations. 


RIFT  PROPAGATION  ON  THE  SOUTHEAST  INDIAN  RIDGE 

J.R.  Cochran  (1),  B.P.  West  (2),  B.  Sylvander  (3),  D.M.  Christie  (3) 

(1)  Lamont-Doherty  Earth  Obs.,  (2)  Woods  Hole  Ocean.  Inst.  (3)Oregon  State  Univ. 
jrc@ldeo.columbia.edu 

The  Southeast  Indian  Ridge  (SEIR)  is  influenced  by  the  Amsterdam  hotspot  and  by 
the  deep,  cold  Australian-Antarctic  Discordance  (AAD).  Along  the  SEIR,  all  non¬ 
transform  ridge  offsets  of  greater  than  a  few  km  are  propagating  toward  the  AAD, 
driven  by  gradients  in  axial  bathymetry  and  along-axis  asthenospheric  flow 
associated  with  the  gradient  in  upper  mantle  temperature.  The  morphology  of  these 
propagating  rifts  (PRs)  varies  systematically  with  distance  from  the  center  of  the 
AAD.  PRs  near  91°45'E,  HS’E  and  13  UE  where  the  ridge  has  an  axial  high  take 
the  form  of  large  propagating  OSCs.  At  the  95°45'E  PR,  the  ridge  axis  high  is  less 
well  developed,  and  the  ridge  axis  plunges  400-550  m  as  the  rift  lips  are  approached. 
Rotated  morphologic  fabric  is  observed  between  the  rift  tips  and  along  the  inner 
pseudofault.  The  axis  is  characterized  by  a  shallow  valley  near  PRs  at  1 1 1°E  and 
1 12°45'E.  A  localized  transform-like  shear  zone  is  developed  between  the  rift  lips  at 
mese  rifts,  as  the  propagating  ridge  advances  beyond  the  shear  zone,  an  elevated  (by 
500- 1000m)  region  is  developed  ahead  of  the  rift.  Rotated  fabric  is  not  observed 
between  the  rift  tips  where  there  is  a  bathymetric  high.  Ridge  propagation  occurs 
episodically  resulting  in  a  sinuous  outer  pseudofault  with  the  uplift  ahead  of  the  rift 
tip  preserved  along  the  outer  pseudofault.  The  retreating  rift  fails  in  discrete  jumps 
so  that  the  inner  pseudofault  is  marked  by  a  series  of  pairs  of  abandoned  rift  tips  and 
topographic  highs.  Geochemical  anomalies  associated  with  the  PRs  appear  to 
correlate  inversely  with  the  magma  supply. 


COMPARING  CRUSTAL  MELT  AT  THE  EAST  PACIFIC  RISE 
AND  THE  JUAN  DE  FUCA  RIDGE 

Wayne  C.  Crawford,  S.C.  Webb  and  J.A.  Hildebrand 

Scripps  Inst,  of  Oceanography,  9500  Gilman  Drive,  La  Jolla,  CA  92095-0205. 

Kcrawf ordOucsd . edu 

We  present  results  from  geophysical  experiments  to  estimate  the  melt  distri¬ 
bution  at  three  OSC  locales:  9°48'N  on  the  East  Pacific  Rise  (EPR),  between 
44*37-40'on  the  Cleft  segment  of  the  Juan  de  Fuca  Ridge  (JdFR)  and  between 
46°13-25'N  on  the  Coaxial  segment  of  the  JdFR.  Measurements  of  the  seafloor 
deformation  under  pressure  forcing  by  ocean  surface  (water)  waves,  known  as 
seafloor  compliance,  are  modeled  to  estimate  the  shear  velocity  structure  of 
the  underlying  crust.  Within  the  EPR  at  9°48'N,  shear  velocities  are  low  above 
and  below  the  shallow  {1.4  km  beneath  the  seafloor)  melt  lens.  In  addition,  a 
second  melt  lens  is  detected  at  approximately  the  depth  of  the  crust-mantle 
interface.  Low  shear  velocities  within  the  JdFR  Cleft  segment  ate  centered  3 
km  beneath  the  seafloor,  and  are  surrounded  by  normal  shear  velocities.  Low 
velocities  are  not  detected  near  to  the  Coaxial  segment  axis,  but  crustal  shear 
velocities  decrease  to  the  west  of  the  axis,  reaching  a  minimum  3  km  beneath 
the  north  rift  zone  of  Axial  volcano.  The  EPR  shear  velocities  are  consistent 
with  2-1.5%  melt  in  the  lower  crust,  connecting  melt  at  the  bottom  of  the  crust 
to  the  shallow  melt  lens.  Within  the  Cleft  segment  and  the  north  rift  zone  of 
Axial  Volcano,  the  top  of  melting  is  deeper  than  at  the  EPR,  and  this  melt 
may  not  be  connected  to  a  mantle  source  by  steady-state  percolation.  There  is 
no  evidence  of  melt  within  the  imaged  section  of  the  Coaxial  segment  axis. 


THE  PETROLOGICAL  PARAMETERS  AS  THE  INDICATORS  OF  THE 
MID-OCEAN  RIDGES  GEODYNAMICS 

L.V.Dmilriev 

Vernadsky  Institute  of  Geochemistry  and  Analytical  Chemistry 
Russian  Academy  of  Sciences 
Oeochem®glas.apc.org/Fax;+095  938  20  54 

The  distribution  of  petrological  parameters  (temperature,  pressure,  water 
and  MgO  content  and  K20/Ti02  ratio)  along  axial  zones  of  MAR,  EPR  and 
Galapagos  Spreading  Center  has  been  estimated  for  about  14  000  abyssal 
glass  compositions  (Smithsonian  Catalog;  NIu  &  Batiza  data,  1993; 
Sushevskaya  et  al,  1990-1996  and  our  original  data).  The  obtained  results 
and  data  about  distribution  of  the  hydrothermal  fields  (Rona  &  Scott,  1993 
and  other  sources)  were  plotted  on  bathymetry  (CD-ROM,NGDS,  No 
1093A27001),  gravimetry  (Sandwell  D.T.&Smith  W.,  1992)  and  compared 
with  modem  models  of  ridges  geodynamic  segmentation.  This  study  allows 
to  discover  new  features  of  the  magmatism  stability  in  the  connections  with 
tectonic  conditions  and  mantle  movements  for  zero-age  period  of  ridge 
formation.  It  was  found  that  all  the  hydrothermal  fields  are  strongly  localised 
near  the  deep  seated  and  long  existed  boundaries  between  tectono- 
magmatic  provinces  of  ridges.  Very  specific  new  tholelite  basalt  type  with 
anomaly  high  water  content  localised  near  hydrothermal  fields.  The  study  of 
endogenic  and  exogenic  processes  interaction  in  ligt  of  hydrothermal  field 
origin  is  discussed. 
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STRUCTURAL  EVOLUTION  OF  THE  LOWER  CRUST  AT  SLOW- 
SPREADING  RIDGE  :  PRELIMINARY  RESULTS  FROM  ODP  LEG 
176,  SITE  735B,  SOUTH  WEST  INDIAN  RHIGE 

BJJdfifonse'"’,  G.  Hirth  B.  John  P.  Trimby A.  Yoshinobu  and  ODP 
Leg  176  Scientific  Party 

(I)  ISTCEM  /  CNRS,  Univ.  Montpellier  H,  France.  (2)  Dpi  of  Geology  and  Geophysics.  WHOI,  Woods 
Hole.  USA.  (3)  Dpt  of  Geology  and  Geophysics.  University  of  Wyoming,  Laramie,  USA.  (-.)  Dpt  of 
Earth  Sciences,  University  of  Liverpool,  UK.  (5)  Dpt  of  Eardi  Sciences,  USC,  Los  Angeles,  USA. 
e-mail :  benoit@d5iu.univ-montp2.fr 

During  Leg  176,  over  860  m  of  gabbroic  rocks  (86.6  %  recovery)  have  been  cored 
from  the  lower  ocean  cnist  accreted  at  the  very  slow-spreading  South  West  Indian 
Ridge  (SWIR),  1 1  Ma  ago.  Thick  intervals  of  the  core  (up  to  150  m)  are  either 
isotropic  or  contain  local  domains  with  weak  to  moderate  magmatic  foliation,  often 
overprinted  by  a  weak,  parallel  crystal-plastic  fabric.  They  alternate  with  shear  zones 
of  variable  thickness  ( 1  cm  to  30  m)  and  intensity,  developed  under  conditions 
tanging  from  hypersolidus  to  semibrittle.  Numerous  shear  zones  have  a  reverse  sense 
of  shear.  Fe-Ti  ortide  gabbtos  are  generally,  although  not  systematically,  associated 
with  shear  zones.  Brittle  deformation  results  in  hydrothermal  veins,  fault  zones  and 
extremely  localised  cataclastic  zones  of  variable  thickness,  with  unknown  sense  and 
magnimde  of  displacement.  The  intensity  of  deformation  globally  decreases 
downhole.  Stnrctural  features  at  site  735B  suggest  that  crustal  accretion  at  SWIR  is 
associated  with  localised  deformation  at  conditions  ranging  from  magmatic  to  low- 
temperature  cataclastic.  Melt  intnrsion  and  deformation  are  likely  episodic  processes 
that  occur  either  separately  or  synchronously. 


DIFFERENT  PERIODS  OF  HYDROTHERMAL  ACTIVITY  AT  THE 
MESO  ZONE,  CENTRAL  INDIAN  RIDGE  (CIR). 

C  l  aloufn  U.  MUnch  (2)  P.  Halbach  (2)  and  J.L.  Reyss  (I) 

(1)  C.  F  R.  Gif  sur  Yvette,  France  (2)  Freie  Universitat,  Berlin,  Germany 
Lalou  @  cfr.cnrs-gif  fr 


HOTSPOT  EFFECTS  ON  FAULTING  AND  TECTONIC  STRAIN 
ALONG  THE  GALAPAGOS  SPREADING  CENTER 

J.  Escartfn  (1)  J.  P.  Canales ,  R.  S.  Detrick  (2),  J.  J.  Daiiobeitia  (3) 

(1)  University  of  Edinburgh,  UK,  (2)  WHOI,  USA,  (3)  Int.  Ciencies  de  la 
Terra,  CSIC,  Spain. 

javihu@inail.glg.ed.ac.uk/Fax:(-i-44)  131  668  3184 

We  analyze  multibeam  bathymetry  along  the  axis  of  the  Galapagos 
spreading  center  (GSC)  to  determine  variations  in  characteristic  fault 
spacing  and  height,  and  in  tectonic  strain.  Spreading  rate  at  this  section 
of  the  GSC  varies  between  44  and  65  mm/yr,  and  the  Galapagos  hotspot  is 
located  -200  km  to  the  S  of  the  center  of  .the  study  area.  These 
conditions  are  ideal  to  study  the  compting  effect  of  spreading  rate  and 
hotspots  on  faulting  processes  of  the  Uthosphere.  Faults  are  interpreted 
from  topographic,  slope  and  curvamre  maps,  and  from  backscatter 
images.  The  measured  fault  spacing  and  height  are  used  to  calculate  the 
tectonic  strain,  assuming  a  constant  fault  dip  angle.  Feult  spacing 
decreases  as  spreading  rate  decreases.  Tectonic  strain  is  minimum  near 
the  hotspot  and  increases  away  from  it.  This  trend  is  also  observed  in  the 
seafloor  roughness.  Fault  height  shows  dependence  on  both  spreading 
rate  and  hotspot  distance.  The  de^ndance  of  fault  spacing  on  spreading 
rate  may  indicate  that  this  is  the  primary  control  on  lithospheric  thickness, 
with  weak  hotspot  influence  on  the  shallow  lithosphere.  Then  enhanced 
magmatic  supply  near  the  hotspot  increases  magmatic  strain,  resulting  in 
both  low  tectonic  strain  and  roughness. 


GEOPHYSICAL  STUDY  OF  A  YOUNG  SPREADING  RIDGE 
AND  ITS  SEGMENTATION:  THE  WESTERN  GULF  OF  ADEN 
H.  Hebert  (1),  C.  Deplus  (1,*),  M.  Diament  (1),  P.  Huchon  (2,*)  and  K. 
Khanbari  (2) 

(1)  Institut  de  Physique  du  Globe,  Paris,  France,  (2)  ENS,  Paris,  {*)  and  CNRS. 
Oceanic  spreading  processes  at  slow  spreading  ridges  have  been  much  refined  in 
the  last  ten  years.  The  seafloor  spreading  appears  as  a  3D  process  and  the  axis 
segmentation  illustrates  the  along-axis  alternance  of  magmatic  and  tectonic 
activity.  Among  unresolved  questions  are  the  time  dependant  evolution  of  this 
segmentation  on  large  periods  (>  10  Ma)  as  well  as  its  origin. 

The  study  of  the  western  Gulf  of  Aden  ridge  allows  to  infer  for  the  crustal 
structure  and  the  segmentation  of  a  recent  and  oblique  spreading  ridge,  as 
well  as  the  thermal  influence  of  the  close  Afar  hot  spot.  Complete  Bouguer 
anomalies  have  been  computed  in  this  area  using  data  from  the  Tadjouraden 
cruise  (N/0  L’Atalante,  1995).  Their  interpretation  and  inversion  show  three 
distinct  areas  from  East  to  West.  The  eastern  domain  is  characterized  by  rather 
well  established  oceanic  spreading,  whereas  the  western  end  is  still  dominated 
by  pure  crustal  thinning  similar  to  continental  rifting.  The  central  area  consists 
of  a  transition  between  pure  tectonic  stretching  and  actual  magmatic  sprea¬ 
ding.  The  segmentation  of  the  axis  is  essentially  a  tectonic  one  and  consists 
of  a  succession  of  independant  oblique  basins  overlying  stretched  crust,  where 
magmatic  activity  is  still  rate.  Thus  this  kind  of  segmentation  can  appear  as  a 
seaward  continuation  of  continental  rifting  patterns  1  !  possibly  evolving  later 
to  the  s  egmentation  observed  at  slow  ridges  with  increased  magmatic  activity. 


ACCRETION  OF  OCEANIC  LAYER  3  AT  THE  VERY-SLOW  SPREADING 
SW  INDIAN  RIDGE,  OCEAN  DRILLING  PROGRA.M  HOLE  735B. 

Jan  Hertogen*  for  the  ODP  Leg  176  Shipboard  Scientific  Party. 

*  University  of  Leuven,  Celestijnenlaan  200C,  B-3001  Leuven,  Belgium. 
jan.hertogen(ggeo.kuleuven.ac.be 

Hole  735B  is  sited  in  an  uplifted  block  of  layer  3  gabbro,  which  formed  1 1  Ma  ago  at 
the  very-slow  spreading  SW  Indian  Ridge.  During  ODP  Legl76  (Oct-  Dec.  1997)  the 
hole  has  been  deepened  from  500m  to  1508m  below  sea  floor.  Overall  core  recovery 
is  a  high  86%.  On  the  basis  of  the  chemical  composition  of  some  400  samples,  five 
main  chemical/petrological  units  can  be  distinguished.  The  thickness  of  these  units 
varies  from  200  to  400m.  Each  unit  exhibits  an  internal  differentiation  from  relatively 
primitive  troctolite  or  olivine  gabbro  at  the  bottom  to  more  fractionated  Fe-Ti  rich 
compositions  at  the  top.  Moreover,  each  unit  experienced  an  individual  structural, 
metamorphic  and  alteration  history.  These  main  units  are  in  turn  intruded  by  numerous 
bodies  of  FeTi-oxide-rich  gabbros.  These  rocks  crystallized  from  evolved  residual 
liquids,  which  migrated  from  elsewhere  as  a  result  of  compaction  attending 
crystallisation  and  tectonic  activity.  The  picture  emerging  is  one  of  crustal  accretion 
through  intermittent  magmatic  pulses.  The  main  units  represent  the  scale  at  which 
separate  magmatic  events  add  to  the  construction  of  oceanic  crust  at  very-slow 
spreading  ridge  segments.  There  a  very  few,  if  any,  indications  for  the  presence  of  a 
steady-state  magma  chamber.  Tectonic  processes  exerted  a  strong  control  on 
mineral/melt  segregation  and  the  migration  of  evolved  residual  melts. 


Hydrothermal  activity  is  fairly  well  documented  from  most  mid-ocean  ridges,  but 
there  is  only  one  hydrothermal  area  known  from  the  Central  Indian  Ridge  (CIR)  so 
6r.  The  fossil  tectonized  deposit,  referred  to  as  MESO  zone,  is  situated  in  the  4 
ridge  segment  of  the  CIR,  north  of  the  Rodriguez  Triple  Junction,  near23°S.  The 
mineral  deposit  is  located  in  a  water  depth  of  2850  m  near  the  top  of  a  neovolcanic 
ridge,  which  subdivides  the  central  rift  valley  of  the  CIR  over  a  distance  of  about  20 
km.  Hydrothermal  precipitates  occur  as  chimney  relicts,  as  shallow  mounds 
comprised  of  sulfidic  material  or  as  sediment  colorations.  Extinct  chimney  edifices 
are  aligned  along  fissures  and  cracks  running  both  parallel  and  vertical  to  the  general 
strike  direction  of  the  ridge  (N153°).  Two  locations  in  the  northern  part  of  the 
MESO  zone,  called  Talus-Tips-Site,  and  two  in  the  central  part,  called  Sonne-Field 
were  sampled.  Age  dating  using  “"Th/^'U  method  show  that  the  high  temperature 
hydrothermal  activity  started  possibly  140  ka  ago  at  the  Talus-Tips-Site.  After  a 
period  of  quiescence  it  was  reactivated,  around  52.5  ka  for  some  thousand  years. 
Another  interruption  for  several  thousands  years  occurred  around  23  ka,  whereas  high 
temperature  activity  is  detected  southeastwards  in  the  Sonne-Field  (18±2  ka).  The 
last  high  temperature  hydrothermal  event  at  the  Talus-Tips-Site  has  been  dated  at 
I6±2  ka  and  terminates  the  activity  at  the  Talus-Tips-Site.  The  formation  of  sulfides 
at  the  Sonne-Field,  interrupted  at  about  16  ka,  was  reactivated  12.5±1.5  ka  ago  for  a 
period  of  about  3  ka.  This  chronology  will  be  compared  to  the  one  at  MAR. 


DETAILED  NEAR-BOTTOM  SIDESCAN  OBSERVATION  OF 
THE  SOUTHWEST  INDIAN  RIDGE 

S.-M.  Lee  (1).  R.  C.  Searle  (1).  P.  Slootweg  (1),  S.-M.  Lee  (1),  C.  Mevel  (2). 
K.  Tamaki  (3)  and  FUJI  Scientific  Party  (4) 

(1)  Dept  of  Geological  Sciences,  University  of  Durham,  Durham,  England  DHl 
3LE.  (2)  Laboratorie  de  Petrologie,  Boile  110,  4  place  Jussieu  75252,  Paris 
cedex  05.  France.  (3)  Ocean  Research  Institute,  Univeristy  of  Tokyo,  l-ba-l 
Minamidai,  Nakano-ku.  Japan. 

•  .».l«aWurhaa.ac.uk/Fax:  [44]  191  374-2510 

During  October  and  November  of  1997.  scientists  from  France,  United  King¬ 
dom.  and  Japan  conducted  a  multidisciplinary  geological  and  geophysical  sur¬ 
vey  of  the  ultra-slow  spreading  Southwest  Indian  Ridge  (half  spreading  rate  of 
0.7  cm/yr)  under  the  auspices  of  InterRidge  onboard  R/V  Marion  Dufresne. 
Three  areas  were  targeted  specifically  in  which  detailed  near-bottom  sidescan 
observation  using  Towed-Ocean  Bottom  Instrument  (TOBI)  and  underway  geo¬ 
physical  measurements  including  multibeam  bathymetry,  gravity,  and  proton 
and  sliipboard  three-component  magnetic  data  were  made.  Me  present  the  pre¬ 
liminary  results  of  our  analysis  of  TOBI  sidescan  data  from  one  of  the  three 
areas,  the  third  box,  which  is  centered  at  2755S  and  6342E  and  where  our  cov¬ 
erage  extends  off-axis  approximately  to  anomaly  2.  .According  to  the  sidescan 
and  multibeam  bathymetric  data,  the  general  topography  in  this  area  exhibits 
a  strong  contrast  between  the  northern  and  southern  ridge  flanks.  An  axial 
volcanic  ridge  which  seems  to  be  dominated  with  relatively  fresh  hummocky 
mounds  and  sheet  flows  appears  to  have  propagated  to  the  east.  One  of  the 
most  notable  features  is  a  large  striated  surface  which  is  interpreted  as  a  de¬ 
tachment  fault,  similar  to  mega-mullions  described  in  the  Atlantic.  In  addition 
to  conventional  sidescan  sonar  imaging,  we  also  performed  swath  bathymetry 
analysis  using  phase  angle  differences  among  receivers  mounted  on  the  side  of 
the  deep-tow  vehicle.  Initial  results  show  that  high-resolution  phase  bathymetry 
is  a  powerful  means  Of  identifying  faulted  and  volcanic  terrains  and  constraining 
their  geometric  characteristics. 
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CRUSTAL  STRUCTURE  AND  SEGMENTATION  ON  THE  SWIR  AT  66°E. 

M.R.  Muller.  T.A.  MinshuII  and  R.S.  White, 

Bullard  Laboratories,  Madingley  Road,  Cambridge  CB3  OEZ,  U.K. 

Email:  muller@esc.cam.ac.uk  Fax:+44-1223-360779 

A  wide-angle  seismic  experiment  over  crust  aged  0-7.5  Ma  on  the  Southwest  Indian 
Ridge  at  66°E  has  imaged  the  structure  of  four  adjacent  ridge  segments,  and  the 
three  non-transform  discontinuities  between  them.  Two  segments  with  complete 
coverage  are  26  and  37  km  long,  significantly  shorter  than  the  45-60  km  averages 
reported  for  the  MAR.  The  segmentation  pattern  is  consistent  with  that  inferred  from 
bathymetry  and  magnetic  data.  Crustal  thicknesses  vary  from  3-6  km  at  segment 
midpoints,  to  2-3  km  beneath  discontinuities,  with  a  spatial  average  of  4.2  km.  Since 
the  seismic  crust  may  contain  some  serpentinised  mantle  peridotite  at  very  slow 
spreading  rates,  this  value  indicates  that  the  maximum  melt  production  at  the  ridge 
axis  is  considerably  less  than  the  6-7  km  typically  observed  at  faster  spreading  rates. 
One  segment  shows  25%  thinner  crust  (3.2  km  average)  at  1.5  Ma,  suggesting  that 
the  melt  production  was  reduced  for  a  period  of  time,  and  may  vary  from  one 
magmatic  cycle  to  the  next.  Seismic  Layer  2  is  consistently  2-2.5  km  thick,  even 
across  discontinuities,  where  a  lower  melt  supply  is  inferred,  and  despite  the  outcrop 
of  serpentinised  peridotite,  suggesting  that  Layer  2  depends  on  porosity  rather  than 
lithology.  A  near-zero  Layer  3  thickness  at  segment  discontinuities,  and  2  km 
thickness  at  midpoints,  suggests  focussed  upwelling  and  melt  accumulation  at  depth 
beneath  segment  centres,  with  lateral  melt  migration  towards  discontinuities  at  upper 
crustal  levels.  Seafloor  velocities  vary  from  segment  to  segment  (2.4-3.5  km/s). 


Constraints  on  High  Frequency  Eruption  Dynamics  at 
MOR’s  FROM  Downhole  Electrical  Images. 

P.A.  Pezard.  Einaudi  F.  (CEREGE  -  BP80,  13545  Aix-en-Provence 
cedex  4,  France)  and  the  Scientific  Party  of  ODP  Leg  174B, 

Crustal  drilling  and  downhole  measurements  provide  a  high-resolution 
record  of  accretion  processes  at  mid-ocean  ridges,  hence  a  unique 
method  to  describe  eruption  dynamics  in  a  continuous  fashion.  As 
DSDP  Hole  395A  (Mid-Atlantic  Ridge/MAR,  23°N)  was  re-entered 
during  ODP  Leg  174B,  downhole  images  were  recorded  in  7.3  Ma  old 
oceanic  basement.  The  hole  penetrates  more  than  500  m  of  lava 
accreted  as  a  series  of  dm-scale  volcanic  cycles  identified  in  the  past 
from  core  petrological  and  magnetic  records,  and  downhole 
measurements.  At  a  higher  frequency,  the  electrical  images  recorded 
during  ODP  Leg  174B  reveal  a  higher  frequency  periodicity,  with 
pillow  thicknesses  varying  from  0.8  to  1.2  m,  and  increasing  toward 
the  end  of  lower  frequency  cycles.  While  the  latter  reveal  changes  in 
lava  physical  properties  during  accretion,  the  former  could  be  due 
either  to  changes  in  magma  supply  or  to  time  between  eruptions. 
Pillow  and  flow  geometries  with  paleofiow  directions  can  also  be 
derived  from  high-resolution  images.  Both  low-ffequency  profiles  and 
high-resolution  images  pertain  to  a  structure  accreted  at  slow- 
spreading  rate  along  the  MAR.  Susbtantially  different  low-ffequency 
record  and  thicknesses  are  obtained  from  ODP  Site  504  accreted  at 
faster  rate  along  the  Costa  Rica  Ridge. 


SE47  Structure  and  composition  of  oceanic 
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04  Collisional  and  transform  plate 
boundaries  and  subduction  zones 
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life  cycles  of  axial  volcanic  RIDGES:  MORPHOLOGICAL 
COMPARISONS  BETWEEN  THE  MID-ATLANTIC  RIDGE  AND  THE 
REYKJANES  RIDGE 

L.M,  Prockter,  J.W.  Head  III  (1),  L.  Wilson  (2)  and  D.K.  Smith  (3). 

I.  Box  1846,  Brown  University,  RI 02912,  USA.  (2)  Lancaster  University,  UK, 

(3)  WHOI,  MA  02543,  USA. 

Louise_Prockter@Brown.Edu 

We  have  completed  extensive  mapping  of  axial  volcanic  ridges  (AVRs)  within  four 
areas  along  the  Mid-Atlantic  Ridge  (MAR),  between  the  Kane  and  Atlantis  fracture 
zones,  and  two  areas  along  the  Reykjanes  Ridge  (RR)  at  58  and  60  degrees  N,  from 
high  resolution  (tens  of  meters)  sidescan  sonar  data.  Axial  volcanic  ridges  (AVRs)  are 
comprised  of  small-scale  volcanic  features  including  seamounts,  hummocky  linear 
ridges,  hummocks  and  smooth-surfaced  flows.  By  modelling  eruption  and  cooling 
behavior  of  dikes  and  volcanic  flows  in  this  environment,  we  can  make  predictions  as 
to  the  widths  of  dikes  feeding  different  types  of  volcanic  constructs,  and  the  relative 
state  of  the  spreading  segment  in  the  context  of  a  magmatic/  tectonic  life  cycle. 
Comparisons  of  AVRs  along  the  MAR  with  those  of  the  RR  allow  us  to  examine  the 
effects  of  the  Icelandic  hotspot  on  the  morphology  of  volcanic  constructs.  Preliminary 
analyses  suggest  that  the  variation  in  volcanic  morphology  and  fissure  density  between 
the  MAR  and  RR  is  comparable  to  that  observed  between  the  four  MAR  areas  studied. 
This  suggests  that  the  Icelandic  hotspot  does  not  have  a  significant  influence  on 
small-scale  surface  morphology.  We  present  results  of  our  analyses  and  examine  their 
implications  for  life-cycle  models  of  oceanic  crust  formation  in  which  a  magmatic 
phase  of  activity  is  followed  by  a  tectonic  phase. 


HOW  MANY  MANTLE  SOURCES  INVOLVED  IN  FORMATION  OF  RESIDUAL 
PERIDOTITES  FROM  MAR  BETWEEN  14  AND  16«N? 

S.Silantyev  (1),  J.Casey  |2|,  H.Dick  (3),  L.Dmitriev  (1),  B.Bazylev  (1),  B.Belyatsky 
(4) 

(1)  Vernadsky  Institute  of  Russian  Academy  of  Sciences,  Moscow,  (2) 
Department  of  Geosciences,  University  of  Houston,  TX,  USA,  (3)  Department  of 
Geology  and  Geophysics,  Woods  Hole  Oceanographic  Institution,  MA,  USA,  (4) 
Institute  of  Precembrian  Geology  and  Geochronology,  Russian  Academy  of 
Sciences,  St.Petersburg.  geochem@glas. apc.org/Fax:  +  095  93B  20  54 

Main  goal  of  study  presented  is  determination  of  geochemical  types  of  mantle 
sources  for  magmatism  beneath  MAR  between  14"  and  lO^N  and  reconstruction 
of  different  stages  of  recrystallization  of  residual  peridotites  from  MAR  segments 
examined.  Large  "Hess"  Crust  segment  composed  of  non  -  homogenic 
geochemically  peridotites  exists  in  Western  and  Eastern  Intersection  15'20'FZ 
and  MAR.  There  are  three  main  groups  residual  peridotites  present  at  MAR 
regoin  examined  judging  by  geochemical  data.  The  first  one  includes  extremely 
depleted  residual  peridotites  represented  by  harzburgites  and  dunltes  recovered 
at  both  Eastern  and  Western  Ridge -Transform  Intersection  as  well  as  at 
transform  wall.  The  second  one  established  at  ERTI  and  presented  by  plagloclase 
bearing  harzburgites  characterized  by  mediate  to  low  degree  of  melting  and 
geochemical  evidence  for  enrichment  of  mantle  component  is  close  to  SHC  (Sant 
Helena  Component).  The  third  one  consists  of  Phlogopite  bearing  peridotites  is 
most  enigmatic  peridotites  among  those  recovered  at  15°20'  FZ  not  related 
genetically  to  volcanic  and  plutonic  rocks  are  distribute  at  the  MAR.  These 
peridotites  were  present  at  rift  valley  wall  north  of  WRTI  only.  Shortwavelength 
geochemical  and  isotope  heterogeneity  of  mantle  below  MAR  segment  between 
14"  and  16"N  exists. 


EPISODES  OF  CONTRACTION  AND  EXTENSION  ALONG 
THE  EASTWARD  PROLONGATION  OF  THE  ROMANCHE 
FRACTURE  ZONE,  CENTRAL  ATLANTIC  OCEAN 

A.  Arenani.  S.  Ciuffi,  M.  Ligi,  L.  Gasperini  and  E.  Bonatti 
Istituto  di  Geologia  Marina,  CNR  via  Gobetti  101, 1-40129  Bologna 
andrea@boigm2.igm.bo.cnr.it 

The  Romanche  Fracture  Zone  (RFZ),  with  its  900  km  length,  is  the  longest 
transform  boundary  in  the  Atlantic  Ocean.  Satellite  gravity  anomaly  maps 
show  that  the  scar  of  the  RFZ  continues  eastwards  from  the  ridge-transform 
junction  to  the  coast  of  Africa.  Four  geophysical  surveys  have  been  carried  out 
in  1992,  1993,  1994  and  1996  over  the  prolongation  of  the  RFZ  close  to  the 
ridge-transform  junction.  An  area  of  c.a.  350  x  140  km  was  covered  with  the 
acquisition  of  about  1500  km  of  multichannel  seismic  reflection  profiles.  In 
addition,  13  dredging  stations  have  been  operated  during  three  of  the  above 
mentioned  cruises  (1993,  1994  and  1996)  and  the  collected  samples  allow  a 
crude  calibration  of  the  stratigraphy  of  the  area.  Worth  of  note  is  the  recovery 
of  several  samples  belonging  to  sedimentary  units  ranging  in  age  from  Early 
Cretaceous  to  Eocene.  Besides  the  Present  transform  valley  sedimentary  fill, 
seismic  profiles  show  the  presence  of  older  sedimentary  basins  that  were 
successively  affected  by  variable  amount  of  tectonic  inversion.  Faults  with 
large  extensional  components  are  also  well  displayed  and  they  appear  to  shape 
the  present  morphology  of  this  segment  of  the  RFZ.  The  geometry  of  the 
recognized  structures  and  the  stratigraphic  data  allow  to  propose  a  tentative 
tectonic  evolution  of  the  study  area  that  have  also  implications  on  the 
kinematics  of  the  entire  RFZ. 
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UNEXPLAINED  SEISMIC  AND  VOLCANIC  GAPS  IN  THE  N.  ANDES: 
EFFECTS  OF  THE  SUBDUCTION  OF  CARNEGIE  RIDGE? 

M.-A.  Gutscher,  J.  Malavieille,  S.  Lallemand  (UMR  5573,  Univ.  Montpellier) 
J.-Y.  Collot,  (ORSTOM,  Villefranche-sur-Mer) 

Along  the  NW  margin  of  S.  America,  the  Carnegie  Ridge  (300  km  wide,  2  km 
high)  enters  into  subduction  at  the  Colombia  trench.  Four  great  quakes  (M,^ 
>  7.8)  occured  here  this  century,  incl.  the  great  1906  quake  (M^,  =  8.8)  with 
an  estimated  rupture  zone  of  500  km.  The  pattern  of  seismicity  as  shown  by 
ca.  2600  events  (Mj,  >  4.0)  recorded  since  1900  reveals  a  significant  seismic 
gap  at  depth  in  the  continuation  of  the  Carnegie  Ridge  (2°N  -  fS).  Active  arc 
volcanicism  in  this  zone  is  more  diffuse  than  to  the  N  or  S,  but  remains 
widespread.  Only  S  of  2°S  is  a  volcanic  gap  present.  Recent  plate  motion 
models  (DeMets  et  al.  1990)  and  GPS  studies  (Kellogg  &  Vega,  1995) 
indicate  E-W  convergence  of  5  -  7  cm/a,  with  a  slight  NW-SE  component. 
Thus  the  ridge  sweeps  gradually  S  with  respect  to  stable  S.  America  and 
cannot  explain  the  volcanic  gap  to  the  S.  The  typical  pattern  of  shallow 
subduction  and  associated  volcanic  gap  commonly  associated  with  the 
subduction  of  an  aseismic  ridge  is  absent  here.  Seismological  cross 
sections  show  that  subduction  is  steep  immediately  N  and  S  of  the  ridge  and 
arc  volcanism  persists.  Strong  coastal  uplift  (300  -  500  m)  facing  the 
subducting  ridge  and  subsidence  to  the  N  suggest  a  continuation  of  the 
ridge  beneath  the  margin.  This  conflicts  with  tectonic  models  for  formation  of 
the  E.  Panama  basin  oceanic  crust  suggesting  that  the  Carnegie  Ridge 
entered  the  trench  ca.  1  Ma,  thus  extending  at  most  70  km  from  the  trench. 


CRUSTAL  STRUCTURE  OF  THE  MURRAY  RIDGE  AND  DALRYMPLE 
TROUGH:  LITHOSPHERE  UNDER  OBLIQUE  EXTENSION 


SEISMIC  REFLECTION  INVESTIGATIONS  IN  THE  NORTHERN  ARA¬ 
BIAN  SEA  OFF  PAKISTAN  DURING  SONNE  CRUISE  SO-122  (MAKRAN) 

N  Fechner.  M.  Block,  V.  Damm 

Federal  Institute  for  Geosciences  and  Natural  Resources  (BGR),  Hannover 
n.fechner@bgr.de;  Fax:  (++49)  511  643  3663 

During  SONNE  cniise  SO-122  (MAKRAN),  BGR  performed  geophysical  investi¬ 
gations  of  the  northern  Arabian  Sea  off  Pakistan,  Multi-channel  seismic  reflection 
lines  with  a  total  length  of  2927  km  were  collected  in  combination  with  magnetics, 
gravity,  sediment  echography  and  bathymetric  swath  measurements  in  a  complex 
geological  setting  influenced  by  subduction  and  strike-slip  motions. 

The  Makran  accretionary  complex  has  a  sediment  thickness  of  at  least  5-7  s  TWT. 
East  of  about  65°E,  the  base  of  the  accretionary  complex  is  clearly  imaged  and  no 
bottom  simulating  reflector  (BSR)  is  visible.  Further  to  the  west,  a  BSR  is  well  de¬ 
veloped,  but  no  basement  can  be  found  on  unprocessed  data.  The  Oman  Abyssal 
Plain  consists  of  oceanic  crust  and  contains  the  Makran  trench  and  a  volcanic  struc¬ 
ture  called  Little  Murray  Ridge.  It  narrows  towards  the  east  where  the  Makran  ac- 
cretionary  complex  meets  the  Murray  Ridge  and  subduction  changes  to  collision.  Its 
3-5  s  TWT  thick  sediments  are  subdivided  by  a  distinct  unconformity.  The  Murray 
Ridge  is  divided  by  an  asymmetric  graben  into  a  higher  southern  and  a  lower  north¬ 
ern  part.  The  graben  may  have  been  created  by  subduction  of  the  Arabian  Plate  be¬ 
neath  the  Eurasian  Plate  and  simultaneous  strike-slip  motion  between  the  Arabian 
and  the  Indo-Pakistanian  Plate.  An  anticlinal  structure  In  the  north-east  of  the  ridge 
may  be  a  melange  that  continues  onshore  into  the  Bela-Waziristan  ophiolite  zone. 


FIRST  RESULTS  OF  SONNE  LEG  SO  123  -  MAMUT 

E.  R.  Flilh  for  the  MAMUT  Working  Group  (GEOMAR,  Kiel;  BGR, 
Hannover;  Bullard  Laboraties,  Cambridge)  (eflueh@geomar.de) 

During  SONNE  leg  SO  123,  geophysical  investigations  were 
performed  at  the  Malo-an  accretionary  wedge  and  in  the  Murray  Ridge 
area.  They  concentrated  on  wide-angle  seismic  measurements, 
coincident  with  existing  seismic  reflection  data,  and  detailed 
bathymetric  swathmapping.  First  results  allow  the  following 
conclusions: 

At  the  Makran  accretionary  wedge,  a  7  km  thick  sediment  layer  rich  in 
quartz  (Himalaya  turbidite  and  Makran  sands)  enters  the  trench.  About 
50%  of  the  sediment  is  subducted  together  with  the  oceanic  crust  at  an 
angle  of  2  -  3°.  The  upper  part  is  accreted  frontally.  A  clear  BSR  can  be 
recognized,  extending  into  the  oceanic  basin  of  the  Gulf  of  Oman.  The 
morphology  of  the  accretionary  wedge  is  far  more  complicated  than 
expected. 

The  Dalrymple  Trough,  a  2000  m  deep  depression  filled  with  5  to  7  km 
of  sediment,  is  located  on  10  km  thick  crust  with  low  velocity  (<6.5 
km/s).  In  contrast,  the  crust  southeast  of  the  adjacent  Murray  Ridge  is 
only  4  km  thick  and  characterized  by  high  velocities  (up  to  7.2  km/s). 


SE48  Gas  hydrates  in  nature:  results  from 
geophysical  and  geochemical  studies 

Convener:  Pecher,  I.A. 

Co-Convener:  Kukowski,  N. 


T  A.  Minshull ,  R.  A.  Edwards  and  R.  S.  White  (Bullard  Laboratories,  Department 
of  Earth  Sciences,  Madingley  Road,  Cambridge  CB3  OEZ,  U.  K.) 

E.  R.  Flueh  andN.  Kukowski  (GEOMAR,  Wischhofstrasse  1-3,  24148  Kiel, 
Germany ) 

C.  Reichert  (Bundestalt  fur  Geowissenschaften  und  Rohrstoffe,  Stillweg  2,  Postfach 
510153, 30631  Hannover,  Germany)  and  the  MAMUT  Working  Group. 

The  Dalrymple  Trough  is  a  linear  trough  160  km  long  and  about  1,5  km  deeper 
than  the  adjacent  Oman  Abyssal  Plain,  w  hich  marks  the  boundary  between  the 
Arabian  and  Indian  plates  in  the  Northern  Arabian  Sea.  To  its  southeast  lies  the 
Murray  Ridge,  a  broad  bathymetric  high.  Earthquake  focal  mechanisms  and 
seismic  reflection  profiles  show  that  the  trough  has  been  undergoing  recent  oblique 
extension, .  We  present  initial  results  from  a  bathymetric  and  wide-angle  seismic 
smdy  carried  out  in  1997.  The  trough  is  bounded  to  the  southeast  by  a  steep  and 
continuous  2  km  fault  scarp,  and  to  the  northwest  by  a  series  of  en  echelon  scarps 
each  ~  10  km  long.  To  the  northwest,  the  seismic  velocity  structure  is  typically 
oceanic,  with  an  unusually  large  velocity  discontinuity  between  Layers  2  and  3  and 
a  crustal  thickness  of  ~  6  km.  Beneath  the  Dalrymple  Trough,  however,  the  crustal 
thickness  increases  to  -  10  km  and  velocities  are  lower  than  for  typical  oceanic 
crust.  These  results  could  be  interpreted  to  indicate  either  that  oceanic  crust  in  the 
trough  has  been  e.\tensively  tectonised  and  altered,  or  that  the  trough  and  the 
adjacent  Murray  Ridge  represent  a  fragment  of  continental  India. 


THE  OCCURRENCE  AND  ORIGIN  OF  A  BOTTOM- 
SIMULATING  REFLECTOR  IN  THE  NATAL  VALLEY,  OFF¬ 
SHORE  SOUTHEASTERN  AFRICA 

Z.  Ben-Avraham  (1,2),  C  J  H  Hartnadyb  (2)  and  M.  Reshef  (1) 

(1)  Department  of  Geophysics  and  Planetary  Sciences,  Tel  Aviv  University, 
Ramat  Aviv,  69978,  Israel,  (2)  Department  of  Geological  Sciences,  University 
of  Cape  Town,  South  Africa, 
zviOjupiterl . tau.ac .  il/Fax:  [972]  3  640  9282 

A  bottom-simulating  reflector  (BSR)  is  recognised  over  a  wide  area  of  the  conti¬ 
nental  rise  and  outer  rise  lobe  within  the  submarine  Natal  Valley,  an  area  of  rel¬ 
atively  high  Xeogene  sedimentation  rate  and  neotectonic  deformation.  Similar 
BSR  occurrences  are  seen  across  the  neighbouring  Agulhas-Falkland  Fracture 
Zone  sheared  margin  of  South  Africa.  BSR  appearances  are  not  at  all  random, 
but  have  well  defined  geographical  limits.  A  strong  BSR  is  largely  restricted 
to  the  northern,  crustally  older  (Early  Cretaceous)  corner  of  the  abyssal  Natal 
Valley,  and  to  parts  of  the  continental  rise.  The  BSR  generally  becomes  weaker 
in  appearance  away  from  these  thick  continental  rise  deposits,  and  disappears 
in  an  oceanward  direction  around  a  deep  (>4000  m)  zone  of  broken  sea  floor  , 
near  the  transition  to  the  abyssal  plain  of  the  Transkei  basin.  The  gas  hydrate 
may  generage  from  Cretaceous  anoxic  deposits  related  to  the  enclosed  basin 
conditions  that  existed  during  the  early  stages  of  separation  between  the  Falk¬ 
land  Plateau,  Mozambique  Ridge  and  .Agulhas  Plateau.  Because  the  adjacent 
continental  margin  is  so  steep  and  narrow,  a  significant  sea  level  fall  could 
trigger  a  major  instability  in  the  continental  slope  deposits. 
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LABORATORY  INVESTIGATION  OF  GAS  HYDRATE 
GENESIS  IN  SEDIMENTS:  MODES  OF  OCCURRENCE, 
VOLUMES  AND  GROWTH  PATTERNS 

James  S.  Booth  (1),  Ben  Clennell  (2),  Ingo  A.  Pecher  (3),  William  J. 

Winters  (1),  Monica  K.  Relle  (1),  and  William  P.  Dillon  (1) 

(1)  Coastal  and  Marine  Geology  Program,  U.S.  Geological  Survey,  (2)  Dept. 
Earth  Sciences,  Univ.  of  Leeds,  (3)  Dept.  Geology  and  Geophysics,  Woods 
Hole  Oceanographic  Institution 
jbooth@usgs.gov 

The  growth  of  methane  dathrate  hydrate  in  marine  sediments  is 
being  investigated  using  GHASTLI,  a  custom-built  test  system.  P-T 
conditions  used  are  within  the  range  of  natural  occurrence,  and  silt-  or 
sand-sized  sediment  are  tire  host  media.  Analyses  focus  on  1)  electri¬ 
cal  resistivity  images,  2)  acoustic  velodties,  3)  thermal  anomalies,  4) 
pore  pressures,  5)  gas  mass  balances,  and  6)  direct  inspections  of  the 
final  hydrate-bearing  sediment.  The  research  examines  potential  gross 
relationships  between  pore  properties  and  mode  of  occurrence  (hSrit) 
of  the  hydrate.  Experiments  in  sands  have  resulted  in  15%  to  80%  of 
pore  space  being  flUed  with  gas  hydrate,  which  loosely  to  fully 
cements  the  grains.  Preliminary  experiments  on  silt  have  resulted  in 
the  formation  of  a  few  isolated  hydrate  grains.  Additionally,  these  ini¬ 
tial  tests  show  the  feasibility  of  establishfog  a  relationship  between 
acoustic  properties  and  hydrate  quantity. 


BIOLOGICAL  ACTIVITY,  RELATIVE  SEDIMENT  PERMEABILITY,  AND 
SEISMIC  EVENTS 

F.  S.  Colwell,  Mark  Delwiche,  and  David  M.  Weinberg 

Idaho  National  Engineering  and  Environmental  Laboratory,  fxc@inel.gov, 
mdel@inel.gov,  weinbe@inel.gov/Fax:  1-208-526-0828 

This  paper  reports  experiments  we  conducted  to  demonstrate  possible  connections 
between  microbiological  methane  production,  relative-permeability  effects,  and 
development  of  bottom  simulating  reflectors  (BSRs).  A  concept  developed  by 
Benzing  (1994)  and  numerically  modeled  by  Benzing  and  Shook  (1996)  shows  how 
pressure  seals  within  homogeneous  shales  may  create  a  two-phase  system  at  a 
particular  isotherm.  Isotherms  and  the  resulting  pressure  seals  are  observed  to  cross 
lithologic  boundaries,  so  seismic  effects  will  also  cross  lithologic  boundaries.  Our 
recent  work  has  shown  methanogenic  organisms  survive  and  produce  methane  at 
pressures  and  temperatures  suitable  for  stable  methane  hydrate.  Work  was  conducted 
to  determine  if  microorganisms  could  be  directly  involved  in  methane  exsolution  at 
sedimentary  isotherms.  Methanogens  were  cultured  at  temperature  and  elevated 
pressure  and  excess  methane  saturation  to  simulate  conditions  in  or  below  hydrate  or 
free-gas  zones.  After  suitable  incubation  times,  culnires  were  evaluated  for  growth  and 
methanogenic  activity  by  microscopic  and  molecular  techniques.  Methane  production 
under  these  conditions  implies  super-saturation,  which  would  be  accompanied  by 
exsolution  and  gas  entrapment  under  certain  environmental  conditions. 


HEAT  FLOW  VARIATIONS  FROM  BOTTOM  SIMULATING  REFLECTORS 
ON  THE  CASCADIA  MARGIN 

N.  Ganguly(l),  G.D.  Spence(l),  N.R.  Chapman(l)  and  R.D.  Hyndman(I,2) 

(1)  School  of  Earth  and  Ocean  Sciences,  University  of  Victoria,  Victoria,  B.C.  Canada 

(2)  Geological  Survey  of  Canada,  Pacific  Geoscience  Centre,  Sidney.  B.C.  Canada 

In  September  1996,  a  collaborative  experiment  between  the  University  of  Victoria  and 
the  Geological  Survey  of  Canada  focussed  on  the  marine  gas  hydrate  layer  found  on 
the  continental  slope  off  Vancouver  Island. Multichannel  seismic  data  were  collected 
along  several  grids  at  a  nominal  linespacing  of  400  m.  Data  were  recorded  on  a 
24-channel  streamer  with  a  maximum  source-receiveroffset  of  only  290  m.  Processing 
was  complicated  by  an  offset-dependent  ghostreflection,  caused  mainly  by  variation  in 
depth  of  the  receiver  array.  Velocity  analyses  were  performed  before  stacking,  but 
velocity  estimates  were  not  reliable  due  to  shortsource-receiver  offsets.  Estimates  of 
heat  flow  values  were  made  from  the  depth  ofthe  bottom  simulating  reflector  (BSR). 
which  is  the  base  of  the  hydrate  stabilltyfield.  The  average  heat  flow  value  was  around 
70  mW/m2,  consistent  with  measurements  from  seafloor  temperature  probes  and 
Ocean  Drilling  Program  results  on  the  Cascadiamargin.  The  regional  trend  of  the  heat 
flow  values  shows  a  landward  decrease  which  reflectsthe  processes  due  to 
sedimentation  at  the  margin,  tectonic  thickening  at  the  outer  part  of  the  accretionary 
prism  and  subduction  of  the  Juan  de  Fuca  plate.  Very  high  heatflow  values  were 
observed  at  the  flanks  of  topographic  highs,  suggesting  fluidmigration  along  thrust 
channels.  Above  some  topographic  highs,  relatively  low  heat  flow  values  were 
observed,  possibly  due  to  the  underthrusting  of  cooler  material. 


GENERAL  CHARACTERISTICS  OF  THE  BLACK  SEA  MUD 
VOLCANOES  AND  GAS  HYDRATES  "SHIELD”  IN  THE  EASTERN 
MEDITERRANEAN  SEA 

V.G.  Gajmanov  (I)  G.Cifci  (2), 

(1)  Moscow  Slate  University,  Geology  Faculty,  Moscow,  (2)  D.E.  Universit)', 
Dept.  Geophysics,  Izmir,  gcifcieizmir.eng.deu.edu.tr/Fax:  90-232-3887864 

Many  of  the  Black  Sea  and  Mediterranean  Sea  mud  volcanoes  were  discovered 
and  studied  using  the  seismic  reflection  profiles  bv’  TREDMARAJNESCO 
Cruises.  The  main  of  the  this  work  is  to  analyse  these  data  in  order  to  reveal  some 
general  features  inherent  to  the  mud  volcanoes,  and  to  point  at  the  same  time, 
their  differences,  due  to  regional  peculiarities.  The  known  mud  volcanoes  seem  to 
be  randomly  distributed  and  do  not  show  alignment.  Their  forms  resemble 
creaters  with  rims  consisting  of  e.\truded  mud  and  mud  brecia  and  with  large  mud 
flows  at  their  slopes.  On  the  seismic  sections  the  mud  volcanoes  show  dom-like 
positive  features,  acoustically  transparent  zones,  the  local  subsurface  presence  of 
gas  in  the  form  of  bright  spots  in  Black  Sea.  On  the  Mediterranean  Ridge,  several 
mud  volcanoes  and  dome-like  structures  have  been  discovered  from  the  seismic 
reflection  profiles.  These  features  show  an  up-doming  structure,  transparent  zone 
below  the  dome,  reflectors  downbended  nearb\'  the  mud  volcanoes,  gas  hydrate 
"shield"  in  the  dome  like  structures.  The  Bottom  Simulating  Reflections  (BSR) 
indicate  most  frequently  the  bottom  of  a  gas  hydrate  saturated  layer. 


EVIDENCE  OF  PRESENCE  OF  GAS  HYDRATES  IN  LAKE  BAIKAL  BOTTOM 
SEDIMENTS.  BASED  ON  IN  SITU  MEASUREMENTS  OF  THERMAL 
CONDUCTIVITY 

Golubev  V.A.,  Institute  ofthe  Earth  Crust,  Russian  Academy  of  Sciences,  Irkutsk, 
Russia.  E-mail:  goIub@crust.irkutsk.su 

C./ 

In  course  of  geothermic  studies  of  Lake  Baikal  a  few  hundred  in  situ  measurements 
of  bottom  sediment  thermal  conductivity  (k)  have  been  performed  by  a  needle-probe 
penetrated  down  to  3  m  into  sediments.  The  probe,  electrically  heated  from  inside,  is 
a  linear  source  of  heat  and  heats  up  sediments  around  it.  The  measurements  revealed 
dramatic  irregularities  in  temperanire  rise  of  the  probe  and  hence  in  heating  of 
surrounding  the  probe  bottom  sediments  in  some  local  regions  ofthe  lake.  In  some 
of  these  abnormal  cases,  k  values,  calculated  for  different  time  intervals  from  the 
beginning  of  heating,  varied  from  0.5  to  1.5  W/m®K.  Examination  of  these  cases 
showed  the  irregularities  occure  only  if  heat  input  into  the  probe  and  hence  Its 
temperature  achieve  some  certain  values.  It  can  be  hypothesised  that  the 
irregulariiies  can  appear  if  some  part  of  sediment  pore  space  is  filled  with  gas 
hydrate  which  is  dissociated  by  heating  during  measurements  of  the  k.  The  heat  of 
fusion  of  methane  hydrate  is  500  J/g  that  is  1.5  times  as  great  as  that  of  ice. 
Therefore,  at  the  first  stage  of  healing  cycle,  a  lot  of  heat  is  taken  up  not  for 
increasing  the  temperature  ot  bottom  sediments  but  for  fusion  of  gas  hydrate 
disseminated  throughout  porous  sediments.  The  released  free  gas  reduces  k  at  the 
following  second  stage  of  heating.  The  presence  ofgas  hydrate  even  in  1%  of 
sediment  pore  space  can  yield  two-  or  three-fold  variation  of  k. 


ANALYSIS  OF  HIGH-RESOLUTION  DEEP-TOW  MULTICHAN¬ 
NEL  DATA  FROM  VANCOUVER  ISLAND  HYDRATE  SITES 

D.  E.  Hannay  and  R.  Weilia 

University  of  Victoria,  Victoria,  B.C.,  Canada. 

High-resolution  multichannel  data  were  collected  during  April  1997  in  the 
vicinity  of  ODP  site  889B  using  the  Deep-Tow  Acoustics/Geophysics  System 
(DTAGS).  This  site  lies  in  a  well-studied  region  of  gas  hydrates  off  the  West 
coast  of  Vancouver  Island.  The  DTAGS  system  uses  a  Helmholtz  resonator  to 
generate  a  205  dB  frequency  sweep  between  250  Hz  and  650  Hz.  Data  were 
collected  on  a  49-channel  array,  with  622  m  maximum  offset.  The  large  bemd- 
width  and  higher-than-usual  frequencies  allow  much  better  resolution  of  fine 
structure  in  the  upper  sediment  than  can  be  obtained  from  steindard  multichan¬ 
nel  data.  However,  data  processing  requires  much  more  accurate  positioning  of 
the  source  and  receiver  elements.  The  large  tow  depths  («800-1200  m)  made 
accurate  positioning  of  the  array  elements  difficult.  Significant  changes  in  the 
depth  of  the  system  occurred  during  most  of  the  experiment,  and  the  array  was 
not  sufficiently  horizontal  that  differences  in  depths  between  array  elements 
could  be  neglected.  Consequently  a  method  of  estimating  element  depths  us¬ 
ing  sea-surface  reflection  times  was  developed.  Time  corrections  based  on  these 
measurements  were  applied  to  the  data  to  account  for  the  non-consteuit  depths. 
Standard  velocity  analysis  was  then  applied  to  the  depth-corrected  data.  Re¬ 
sults  of  these  analyses  2ire  compared  with  those  obtained  from  standard  single 
and  multichannel  data  collected  at  the  same  sites. 
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ELASTIC  PROPERTIES  OF  HYDRATE-BEARING  SEDIMENTS  FROM 
EFFECTIVE  MEDIUM  THEORIES 


M,  Jakobsen,  T.  A.  Minshull  and  S  C.  Singh  (Bullard  Laboratories,  Department  of 
Earth  Sciences,  Madingley  Road,  Cambridge  CB3  OEZ,  U.  K.) 

J.  A.  Hudson  (Department  of  Applied  Mathematics  and  Theoretical  Physics, 
University  of  Cambridge,  Silver  Street,  Cambridge  CBS  9EW,  U.  K.) 

A  variety  of  sophisticated  methods  have  been  developed  to  infer  the  detailed  seismic 
velocity  strncmre  of  hydrate-bearing  sediments  firom  multichannel  and  wide-angle 
seismic  data  However,  estimation  of  hydrate  content  from  this  velocity 
information  still  commonly  relies  on  semi-empirical  relations  with  little  theoretical 
basis.  We  present  a  model  based  on  effective  medium  theories  to  relate  the  seismic 
properties  of  hydrate-bearing  clay-rich  sediment  to  its  porosity  and  mineralogy,  the 
orientation  distribution  of  clay  platelets,  and  the  quantity  and  topology  of  hydrates 
in  the  pore  space.  The  model  is  transversely  isotropic  and  based  on  a  combination 
of  the  self-consistent  appro.'dmation.  the  differential  effective  medium  theoiy,  and 
the  method  of  smoothing  for  crystalline  aggregates.  A  similar  combination  of 
effective  medium  theories  has  previously  been  applied  successfully  to  shale.  We 
consider  two  endmember  cases:  hydrate  as  a  connected  phase  lining  the  pores,  and 
disconnected  hydrate  nodules.  The  latter  model  appears  to  be  more  appropriate  for 
naturally  occuring  hydrates  in  fine-grained  sediments.  We  apply  our  method  to 
sediments  cored  at  (Scean  Drilling  Program  Site  995  to  make  estimates  of  their 
hydrate  content 


SUBMARINE  GAS  HYDRATES:  MECHANISM  OF  FORMATION  AND 
ACCUMULATION 


V.Soloviev  and  G.Ginsburg 
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SQUEEZING  THE  SPONGE:  GAS  AND  FLUID  ALONG  THE 
HIKURANGI  MARGIN,  NORTH  ISLAND,  NEW  ZEALAND 
S.A.  Henrys,  C.  Uruski,  W.F.  Giggenbach  and  R.  Allis 
Institute  Geological  and  Nuclear  Sciences,  Wellington,  NZ. 

Along  the  East  Coast  of  the  North  Island  of  New  Zealand  the  accretionary 
prism  is  being  rapidly  deformed  by  convergent  motion  of  the  Pacific  Plate  as 
it  subducts  beneath  the  crust  of  the  Australian  plate.  Pore-pressure  trends  in 
oil  wells  on  the  East  Coast  indicate  the  region  is  strongly  over-pressured  and 
in  some  wells  the  fluid  pressure  is  close  to  lithostatic  at  1  km.  depthi  Along  the 
emergent  parts  of  the  Hikurangi  accretionary  wedge  are  numerous  springs,  gas 
and  oil  seeps,  and  explosive  mud  volcanoes,  commonly  associated  with  buckle 
folds  and  diapiric  structures.  Fluids  samples  from  13  sites  show  high  salinities 
and  are  enriched  in  both  deuterium  and  oxygen-18,  supporting  a  seawater  ori¬ 
gin  for  the  discharging  waters.  Gas  chromatography  indicates  that  methane  is 
the  dominant  gas  type  from  seeps  and  hydrogen  isotopic  compositions  suggest 
that  the  gases  probably  have  a  thermogenic  origin.  Seeps  and  fluids  venting 
offshore  are  marked  by  distinctive  chemosynthetic  faunas  and  carbonate  chim¬ 
neys  and  lie  just  landward  of  a  bottom  simulating  reflectors  (BSR’s)  observed 
on  seismic  reflection  profiles.  The  mapped  distribution  of  BSR's  is  restricted 
to  water  depths  between  1  and  3  km  and  are  especially  prominent  along  ac¬ 
tively  growing  anticlinal  ridges  that  are  often  cored  by  thrust  faults.  Geological, 
geochemical,  and  seismic  evidence  suggest  that  coupling  between  fluid  and  de¬ 
formation  regimes  occurs  where  fluid  migration  takes  places  by  episodic  release 
along  high  permeability  zones  rather  than  diffuse  flow. 


SOLUTE  TRANSPORT  MECHANISMS  IN  BLAKE-RIDGE  SUBMARINE 
GAS-HYDRATE  ZONE:  HALOGENS,  CHLORINE,  OXYGENE  AND 
HYDROGENE  ISOTOPES  (ODP  LEG  164) 

R.Hesse  (1),  S.K.  Frape  (2),  and  P.  Egeberg  (3)  (1)  Earth  &  Planetary  Sciences, 
McGill  University,  Montreal,  Que.,  Canada,  (2)Earth  Sciences,  University  of 
Waterloo,  Waterloo,  Ont.,  Canada,  (3)  Dept,  of  Chemistry,  Agder  College, 
Kristiansand,  Norway  Reinhard.Hesse@ruhr-uni-bochum.de 

Coupled  chlorinity  and  oxygen  isotopic  anomalies  are  necessary  and  sufficient 
conditions  for  the  occurrence  of  submarine  gas-hydrates,  based  on  the  characteristics 
of  their  pore  waters  alone.  Salt  exclusion  and  fractionation  of  the  heavy  isotopes  into 
the  solid  hydrate  phase  cause  a  chlorinity  maximum  and  0-  and  H-isotope  minimum 
at  the  top  of  the  hydrate  zone.  At  Blake  Ridge,  the  roof  of  the  hydrate  zone  may  be  as 
shallow  as  24  mbsf,  where  hydrate  effects  are  superposed  by  glacial-interglaical 
seawater  variations  affecting  the  chlorinity  and  isotopic  composition  of  the  pore  fluids. 
The  chlorinity  minimum  and  0-isotopic  maximum  resulting  from  hydrate  melting  at 
the  base  of  the  hydrate  zone  cause  strong  vertical  concentration  gradients  inducing 
diffusion  of  the  species  affected.  Hydrate  melting  as  an  artefact  of  the  sampling 
process,  however,  has  the  same  effects  of  pore-water  freshening  and  heavy-isotope 
enrichment.  Whereas  in  the  past,  the  effects  of  the  different  processes  could  not  be 
separated,  in-situ  water  samples  combined  with  chlorine  isotopes  of  the  samples 
squeezed  on  board  seem  to  provide  strong  evidence  for  downward  chloride  diffusion. 
Bromine/iodine  ratios  provide  constraints  on  upward  advection  rates.  Modelling  of  the 
Leg  164  results  will  allow  us  to  quantitatively  assess  the  effects  of  the  processes 
involved  in  solute  transport  in  the  classical  Blake  Ridge  hydrate  field. 


THREE-DIMENSIONAL  SEISMIC  TOMOGRAPHIC  STUDIES  OF  THE 
METHANE  HYDRATE  STABHITY  ZONE  IN  THE  CASCADIA  MARGIN 

J.  W.  D.  Hobro,  T.  A  Minshull  and  S.  C.  Singh  (Bullard  Laboratories.  Department 
of  Earth  Sciences,  Madingley  Road,  Cambridge  CB3  OEZ,  U.  K.) 

G.  D.  Spence  (School  of  Earth  and  Ocean  Sciences,  University  of  Victoria, 

Victoria,  B.  C.,  Canada  ) 

We  present  results  from  a  three-dimensional  seismic  tomography  experiment 
focused  on  the  gas  hydrate  bearing  zone  around  Ocean  Drilling  Program  Site  889 
on  the  Vancouver  Island  margin.  The  experiment  involved  rtvo  deployments  of  five 
ocean  bottom  hydrophones  (OBHs)  and  shooting  a  single  120  cu.  in.  airgun  at 
~35  m  intervals  along  25  15-25  km  long  profiles  at  a  variety  of  azimuths.  OBH 
record  sections  show  reflections  from  the  bottom  simulating  reflector  (BSR)  and  a 
variety  of  horizons  above  the  BSR.  and  energy  mming  within  and  beneath  the 
hydrate  stability  zone.  Our  tomographic  model  is  also  constrained  bv-  a  vertical 
seismic  profile  at  Site  889  and  a  tight  grid  of  seismic  reflection  profiles  around  this 
site.  The  model  is  parameterised  as  a  series  of  layers  within  which  velocities  vary 
in  three  dimensions,  bounded  by  reflecting  surfaces  of  arbitrary  three-dimensional 
shape.  Our  method  involves  gradually  decreasing  model  smoothness  until  travel¬ 
time  picks  are  matched  to  within  their  uncertainties.  Preliminary  results  show  that 
the  inversion  is  stable,  that  velocities  reach  1.83-1.95  km/s  iiiunediately  above  the 
BSR,  indicating  increased  hydrate  content  in  this  zone,  and  that  there  may  be  a 
correlation  between  hydrate  concentration  and  BSR  strength.  Our  results  will  be 
interpreted  in  terms  of  three-dimensional  hydrate  distribution  around  Site  889. 


Submarine  gas  hydrates  were  observed  near  sea-bottom  in  the  gas  or  gas-containing 
fluid  discharge  areas  and  in  the  sections  of  sediment  cover  in  the  areas  which  have 
not  connection  witlr  fluid  discharge  areas.  The  theoretical  and  experimental  data 
suggest  that  submarine  gas  hydrate  formation  results  mainly  from  water-dissolved 
gas.  Gas  hydrate  accumulation  is  attended  by  water  segregation  and  formation  of 
specific  structures  caused  by  hydrates  in  sediments.  The  detection  of  water  content 
of  gas  hydrate-containing  sediments  as  well  as  published  e.xpetimental  data  testify 
that  there  is  water  migration  to  sites  of  gas  hydrate  accumulation  from  surrounding 
space.  The  most  dramatic  evidences  of  water  migration  and  segregation  during  gas 
hydrate  accumulation  have  been  discovered  at  the  studied  gas  hydrate  occurrences: 
gas  discharge  areas  in  the  Okhotsk  Sea,  mud  volcanoes  in  the  Caspian  and 
Norwegian  Seas,  gas  hydrate-bearing  sediments  on  the  Blake  Outer  Ridge.  The 
direct  relationship  of  water  content  with  hydrate  content  and  opposite  relation  with 
pore  water  chlorinity  have  been  revealed.  The  considered  data  allow  to  make  the 
conclusion  that  water  migration  and  segregation  are  an  integral  component  of  gas 
hydrate  accumulation  in  the  submarine  environments. 


Global  Change,  Gas  Hydrate,  and  Mass  Wasting  of  the  Continental  Slope 
R  Kayen,  D  Scholl,  K  Kvenvolden  and  H  Lee 

(USGS,  345  Middlefield  Road,  Menlo  Park,  CA  94025  USA;  650-329-4195) 

Numerous  eontinental  slopes  (for  example,  offshore  Alaska,  continental  U.S., 
Norway,  and  Afiicaj  are  notable  by  the  coineident  association  of  landslide  deposits 
and  sediment  containing  gas  hydrate,  a  solid  inclusion  compound  of  methane  and 
water  that  forms  under  conditions  of  high  pressure  and  low  temperature. 
Pleistocene  fluetuations  in  global  elimate,  manifest  in  periodic  sea-level 
regressions,  likely  triggered  landslides  on  the  eontinental  slopes  where  gas  hydrate 
is  present  in  seafloor  sediment.  Ecstatic  sea  level  fall  eauses  reduced  pressures 
acting  on  seafloor  sediment.  In  oceanic  areas  underlain  by  sediment  containing  gas 
hydrate,  this  reduction  of  confining  pressure  initiates  dissassoeiation  along  the  base 
of  the  gas  hydrate  zone.  In  turn,  large  volumes  of  gas  are  released  into  the  sediment 
which  likely  leads  to  excess  pore-fluid  pressures  and  reduced  slope  stability. 

A  quantitative  modelling  approach  was  taken  to  predict  excess  pore  fluid  pressures 
at  the  base  of  a  dissassociaUng  gas  hydrate  zone  and  the  stability  of  the  overlying 
sediment  for  a  variety  of  sediment  types.  Our  smdies  indicate  that  during  eustatic 
sea  level  fall,  fluid  diffusion  processes  drive  the  gas  hydrate  dissassoeiation  process 
in  fine-grained  marine  sediment.  Slope  failure  appears  likely  for  this  sediment  type 
on  moderate  slopes  unless  methane  can  be  adequately  vented  away  from  the  base  of 
the  gas  hydrate  zone  and  into  the  water  column.  When  landsliding  occurs,  sediment 
is  deformed  and  fractured,  allowing  methane  to  be  released  into  the  water  column. 
As  a  consequence,  we  believe  that  periods  of  peak  glaciation,  when  sea  levels  are  at 
their  lowest,  are  associated  with  the  large-  scale  mass  wasting  of  gas  hydrate-laden 
continental  marginns  resulting  in  the  release  worldwide  of  large  volumes  of  the 
greenhouse  gas  methane,  and  thus  influencing  global  climate  changes. 
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COMPARISON  OF  GAS  HYDRATE  COMPOSITION  FROM  THE  MIDDLE 
AMERICA  TRENCH  AND  BLAKE  RIDGE 
Thomas  D.  Lorenson.  Keith  A.  Kvenvolden  (USGS,  Menlo  Park,  CA 
tlorenson@usgs.gov),  Miriam  Kastner  (SIO,  La  Jolla.  CA),  and  Charles  K.  Pauli  (UNC) 
Gas  hydrate  samples  were  recovered  from  the  Middle  America  Trench,  an  active  margin 
offshore  Costa  Rica  during  ODP  Leg  170  and  from  of  the  Blake  Ridge  on  the  passive 
Atlantic  margin  of  the  eastern  II. S.  during  ODP  Leg  164.  Offshore  Costa  Rica  (CR),  gas 
hydrate  from  Site  1041  was  recovered  100  to  280  meters  below  the  sea  floor  (mbsf)  within 
a  sedimentary  apron  of  500-600  m  thickness  that  overlies  an  accretionary  prism.  Gas 
hydrate  occurs  primarily  as  very  layers  in  the  upper  section  and  as  pore  Hlling  cement 
within  volcanic  ash  layers  in  the  deeper  section.  On  the  sedimentary  drift  deposits  of  the 
Blake  Ridge  (BR),  gas  hydrate  samples  were  recovered  from  three  Sites  (994, 996,  and 
997).  At  Site  996,  an  area  of  active  gas  venting,  vein-like  gas  hydrate  was  recovered 
Intermittently  from  less  than  1  to  62  mbsf.  Gas  hydrate  at  Sites  994  and  997  occurs  from 
about  180  to  450  mbsf  and  is  dispersed  in  zones  of  sediment  5  to  30  m  thick  having  a 
maximum  15%  bulk  volume  gas  hydrate  with  occasional  massive  gas  hydrate  occurring  in 
fault  planes.  In  our  shore-based  laboratory,  selected  gas  hydrate  samples,  which  had  been 
stored  in  liquid  nitrogen  after  collection,  were  placed  in  a  sealed  chamber  and  allowed  to 
dissociate.  Gas  hydrate  gas  to  water  ratios  and  evolved  gas  composition  were  measured 
after  dissociation.  The  most  significant  comparisons  follow:  Evolved  gas  to  water  ratios 
of  80  to  1 10  (CR),  and  20  to  154  (BR)  were  measured  as  compared  to  the  theoretical 
maximum  of  216;  Gas  hydrate  methane  concentration  and  carbon  isotopic  composition 
were  determined:  CR:  99.4  to  99.8%,  -62.4  to  -67.39So;  BR:  98.4  to  99.9%,  -62.5  to 
-70.7%o.  In  both  cases  carbon  isotopic  compositions  become  heavier  with  depth  yet  still 
retain  a  microbial  signature.  Ethane  concentrations  ranged  from  190  to  1200  ppm  (CR). 
and  86  to  1000  (BR).  Carbon  dioxide  was  present  in  most  samples  from  each  margin,  llius 
little  differences  could  be  observed  between  the  results  of  the  gas  hydrates  from  the  active 
and  passive  margin.  It  is  likely  that  gas  hydrate  composition  and  gas  yield  depend  little 
on  the  tectonic  setting  but  more  on  the  sources  of  methane. 


MARINE  GAS  HYDRATES  AND  METHANE  RICH  COLD  SEEPS 
IN  NANKAI  TROUGH.  OFF  CENTRAL  JAPAN 

R.  Matsumoto  (1).  H.  Lu  (1),  Y.  Hiroki  (2).  A.  Waseda  (3).  K.  Baba  (3).  M.  Yagi 
(3),  and  T.  Fuji!  (4) 

(1)  Geol.  Inst.,  Univ.  Tokyo,  (2)  Osaka  Kyoiku  Univ.  ,  (3)  JAPEX,  (4)  JNOC 
ryo@geol.a.u-tokyo.ac.jp/Fax:  +81-3-3815-9490 

Two  250  m-deep  teat  wells  were  drilled  at  the  water  depth  of -*950  m  in  Nankai 
trough  in  which  well  defined  BSRs  occur  at  ~300  mbsf.  The  sediments  are 
dominated  by  slightly  calcareous,  dark  greenish  gray  clay/silt  whereas  the 
lower  part  is  more  sandy  with  frequent  intercalation  of  turbidites.  Chloride 
concentrations  of  the  interstitial  waters  generally  decrease  from  560  mM  at 
sea-floor  to  SIO^SSO  mM  for  the  interval  of  100-250  mbsf  with  irregular  zig-zag 
pattern  and  occasional  strong  negative  spikes  (380''450  mM).  The  pore 
saturation  of  gas  hydrates  is  estimated  to  be  3  30%.  mostly  between  3  and 

5%  for  the  entire  depth  interval. 

Cold  seep  sites  with  well  developed  chemosynthetic  community  had  been 
observed  in  the  floor  of  Ryu-yo  Canyon  (-1100  m  water  depth)  only  -2  km 
southeast  of  the  drill  sites  (Tsuncgai  et  al.,  1998).  Pore  waters  suqeezedfrom 
the  seep  site  sediments  were  characterized  by  anomalously  low  chloride  (-520 
mM)  and  high  methane  (340  mM)  concentrations.  Cold  seeps  in  accretionary 
prisms  have  often  been  related  with  accretion  processes,  but  the  Ryu-yo 
Canyon  seepage  are  more  likely  related  with  decomposition  of  gas  hydrates. 


A  SINGLE-CHANNEL  SEISMIC  REFLECTION  METHOD  FOR 
QUANTIFYING  LATERAL  VARIATIONS  IN  BSR  REFLECTIVITY 

T.  McGee 

Center  for  Marine  Geotechnology,  Uni\  ersit>  of  Mississippi.  Oxford.  Mississippi 
tnun@mmri.oIemiss.edu  Fa.\;  +l-6()i-2.32-5625 

Results  of  seismic  inversion  techniques  and  logs  of  deep-sea  bore  holes  indicate  that 
bottom  simulating  reflectors  (BSRs)  associated  with  high-ampliiudc  reflections  are 
underlain  by  a  thin  layer  of  free  gas.  Reflections  from  BSRs  often  are  of  relatively 
low  amplitude,  however,  and  conuiionly  display  significant  lateral  variabilit> .  The 
structure  that  generates  this  is  not  well  understood  and  remains  a  topic  of  research. 

The  use  of  waveform  inversion  to  study  the  stnicuirc  of  BSRs  requires 
multi-chaimel  data  sets  tliat  include  large  source-receiver  offsei  distances.  Since 
such  data  are  not  readily  available,  it  is  attractive  to  consider  other  methods 

A  method  that  is  applicable  to  single-channel  data  is  discussed  here.  It 
requires  that  the  source-receiver  offset  distance  be  small  compared  to  the  water 
depth  and  that  reflector  dips  be  gentle:  prerequisites  tlial  usually  are  satisfied  in  ilie 
context  of  BSRs.  It  also  requires  tliai  the  data  be  recorded  digitally  at  a  rapid 
sampling  rate  and  that  the  recording  extend  until  die  onset  of  tlic  second  water-layw 
multiple;  prerequisites  that  arc  satisfied  less  often. 

Tlie  method  is  explained  and  illustrated  with  Uic  help  of  synthetic  data.  Its 
application  to  actual  seismograms  is  demonstrated  and  results  compared  lo  full 
waveform  inversions,  Aspects  of  its  use  are  discussed  and  conclusions  arc  drawn. 


CALC.ULATINC  Till’  INCIPIENT  {W  HYDRATE  FORMAIION 
TEMI'ERAIURES  IN  SOLUTIONS  CON’l'AINING  Al^OHOLS  AND 
ELECTROLYTES 

Kh.  Kftcrlfiir  nnd 

Dcpiirlmcni  ofObviriicQl  ritgltiMrlug.  Shirax.  l.lnivi>r«ily.  KhiraE,  Iran, 
mn^bfcv^|^tuce.aittrflzu.ac.lr/rii>c;  y8-7l«672060 

'riw  frftfizing  point  depreiirion  equation  h  Mho  valid,  to  t>omo  OKiend,  for  hydrau 
(Rpitsaiun  (cmperaiura.  'I'lili  aquation  in  a  triiiKalcd  form  Can  bO  CXprcsSOd  by: 


Whaiv  a.  ic  wai^r  aeliviiy,  AH  is  heat  of  hyJnite  rurmation,  R  is  univarsnl  gait 
conatuni,  >i  is  hydrate  nunibor,  T  is  hydrate  PonnAfinr)  lainperaiure  oraolutlon.  and  T» 
Is  byitraift  fonualion  leinperaturp  otpuiu  wiilvi.  In  tlia  present  study,  T*  is  o^culit^ 
by  onu  uf  staiistleal  models  based  on  van  dcr  Wanh'K  model  In  a,<  and  AH/tiK  will 
be  calculated  by  Kiiitnble  combining  rule.v  un:e  In  uiid  AH/nR  In  the  proionee  of 
eleuirolytw*  and  also  in  the  prosenca  of  alcohols  have  been  cateulQlod.  PollowlDg  this 
mKhodnIngy.  tlic  IiiciptciU  of  hydrate  foriiiaiivii  in  the  mixtures  ofbotli  elacirolytcs 
iuid  alcoltols  WAS  eoluulnied.  The  average  of  flbvolnie  dvviailou  for  Uie  prediction  ofi 
typical  natural  ga-t  and  COt  hydrate  In  the  mlxiuies  contaluing  elMtrolyios,  such  as 
KCl,  NaCI  and  CoCi<  and  alcohuts  furh  mc  ineilnirio!.  elhylcue  glycol  and  glyeerol 
wn<  0.96  K  tor  vj  data  polius. 


BSRs  OFFSHORE  COSTA  RICA 

I.  A.  Pecher  (1),  C.  R.  Ranero  (2),  R,  von  Hiiene  (2) 

(1)  WHOI,  Woods  Hole,  MA,  USA,  (2)  Geoniar,  Univ.  Kiel,  Germany 
ipecher©whoi.edu/Fax:  -fl  508  457-2310 

The  Costa  Rica  convergent  margin  between  the  Nicoya  and  Osa  Peninsulas  is 
divided  into  a  southeastern  part  having  a  disturbed  slope  and  a  northwestern 
part  having  a  relatively  smooth  seafloor  morphology.  The  disturbed  topog¬ 
raphy  is  caused  by  subduction  of  many  seamounts,  which  has  produced  scars 
on  the  .slope.  Bottom  simulating  reflectors  (BSRs),  whlcli  are  probably  gas 
horizons  beneath  hydrate  zones,  are  wide-spread  where  the  seafloor  is  less  dis¬ 
turbed  by  seamount  subduction.  The  subduction  of  seamounts  causes  uplift 
of  the  slope.  In  these  areas,  the  reduction  of  pressure  leads  to  dissociation  of 
hydrate,  the  formation  of  free  gas.  and  perhaps  overpres-suring  at  the  base  of 
hydrate  stability.  BSRs  are  absent  in  regions  in  which  sediment  stratification 
ha.s  been  de.stroyed  by  slope  failure,  suggesting  that  BSRs  either  do  not  form 
after  slumping  or  take  a  very  long  time  to  do  so.  High  fluid  expulsion  rates 
are  expected  at  this  margin  because  most  of  the  sediment  is  being  subducted. 
A  maximum  in  heat  flux  computed  from  the  depth  of  BSRs  is  observed  at  the 
lower  slope,  where  expulsion  of  warm  fluids  is  expected  to  be  highest.  Heat 
flux  decreases  northwestward  along  the  margin.  Heat  flux  values  close  to  the 
trench  at  the  northwestern  edge  of  the  study  area,  however,  are  significantly 
higher  than  those  measured  during  ODP  Leg  170  only  about  30  km  further  to 
the  northwest.  This  observation  has  yet  to  be  explained. 


STABLE  ISOTOPE  COMPOSITION  AND  MINERALOGY  OF  THE 
DIAGENETIC  CARBONATES  ASSOCIATED  WITH  THE  GAS  HYDRATES  IN 
THE  SEDIMENTS  OF  THE  BLAKE  RIDGE  (ODP  LEG  164) 

C.  Pierre  flV  J.M.  Rouchy  (2)  and  A.  Gaudichel  (3) 

(1)  LODY(2,  University  Pierre  ei  Marie  Curie,  4  Place  Jussieu,  75252  Paris  Cedex 
05,  France,  (2)  Laboratoire  dc  Gyologie  du  Museum,  Paris,  (3)  LISA,  University  de 
Cryteil 

cat@lodyc.jussieu.fr/Fax:  +0144275162 

During  ODP  Leg  164  (Novembcr-December  1995),  gas  hydrates  were  recovered  in 
the  large  reservoir  of  the  Blake  Ridge  where  the  top  of  the  gaz  hydrate  zone  lies  at 
about  200  metres  below  the  sea  floor  (mbsQ  and  the  bottom  simulating  reflector 
(BSR)  is  located  at  about  450  mbsf.  There  is  no  sedimentological  discontinuity 
crossing  the  BSR.  The  authigenic  carbonates  (dolomite,  siderite)  are  always  present 
in  small  amounts  (a  few  weight  %)  in  the  sediments;  they  are  also  concentrated  in 
mm  to  cm-sized  nodules  and  layers  composed  of  dolomite  above  the  top  of  the  gas 
hydrate  reservoir,  and  of  siderite  below  the  BSR.  The  distribution  with  depth  of  the 
9I80  values  of  dolomite  and  siderite  shows  a  sharp  decrease  from  high  values  (max 
7.3%o)  near  50  mbsf  to  very  low  values  (min  •4.7%<?)  at  110  mbsf,  and  finally 
increases  to  values  within  the  range  of  3.4  to  6.6%o.  The  distribution  is 
marked  by  the  rapid  decrease  from  low  values  (-11.4%o)  near  50  mbsf  to  positive 
values  at  110  mbsf  which  remain  in  the  range  of  1.7  to  5.4%o  down  to  700  mbsf. 
TTius,  diageneiic  carbonates  were  precipitated  in  pore  waters,  in  which  and 
values  were  highly  modified  by  strong  fractionation  effects,  both  in  the  water 
and  in  the  C02'CH4  systems,  associated  with  the  formation  of  gas  hydrates . 
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DOUBLE  BSRS  AS  INDICATORS  FOR  CHANGES  IN  THE  HYDRATE  GEOPHYSICAL  EVIDENCE  FOR  DENSE  MASSES  OF  METHANE  HYDRATE  IN 
STABILITY  FIELD  ON  THE  NORWEGIAN  CONTINENTAL  MARGIN  THE  DEEP  BERING  SEA  BASIN 


Jorg  Posewangl;  Prgen  Mienertl,2;  Dirk  Lukasl 

1  SFB  313,  University  Kiel,  pose@sfb313.uni-kieI.de/lukas@sfb3 13.uni-kiel.de 

2  GEOMAR,  Kiel,  jmienert@geomar.de 


David  W.  Scholl  (1. 2)  and  Patrick  E.  Hart  (2) 

(1)  Department  of  Geophysics,  Stanford  University,  (2)  U.S.  Geological  Survey,  Menlo  Park, 
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The  presence  of  gas  hydrates  and  free  gas  in  oceanic  sediments  along  the  northeastern 
European  margin  is  documented  in  seismic  data.  On  the  northern  rim  of  the  Sloregga 
slide,  which  is  located  on  the  western  continental  margin  of  Norway  south  of  the 
V-J-ring  Plateau,  the  lower  boundary  of  the  hydrate  stability  zone  (HS2)  is  determined 
in  high  resolution  reflection  seismic  data  by  a  strong  bottom  simulating  reflection 
(BSR).  Velocity  informations  from  HF-OBH  data  show  anomalously  high  velocities 
above  the  BSR  indicating  the  existance  of  gas  hydrates,  whereas  extreme  low 
velocities  below  the  BSR  are  interpreted  as  gas  bearing  sediments.  The  observation  of 
low  velocity  layers  within  the  HSZ  as  well  as  the  obeservation  of  a  double-BSR  in 
seismic  sections  leads  to  the  question,  if  the  position  of  the  BSR  necessarily  coincides 
with  the  actual  lower  boundary  of  the  HSZ.  Modelling  of  changes  of  the  HSZ  as  a 
function  of  the  temperature  and  pressure  show  a  distinct  decrease  of  the  HSZ  at  the 
Norwegian  margin  from  the  last  glacial  maximum  to  the  present  time.  This  highly 
dynamic  HSZ  behaviour  may  be  essential  for  the  appearance  of  unusual  seismic 
features  in  areas  of  gas  hydrat  formation. 


Seismic  reflection  records  and  velocity  anomalies  indicated  that  the  Bering  Sea  Basin  (3,500- 
4,000  m)  is  shallowly  (0-450  m)  underlain  by  localized,  massive  accumulations  (>  ~  30  %  of 
pore  space)  of  methane  hydrate.  Dense  concentrations  are  detected  as  prominent  velocity  and 
.  reflection-amplitude  anomalies  known  as  VAMPs,  which  are  interpreted  to  be  lateral  velocity 
distortion  in  horizontal  beds  caused  by  the  superposition  of  a  velocity  pull-up  directly  above  a 
velocity  push-down.  The  pull-up  is  interpreted  to  be  a  massive  deposit  of  methane  hydrate 
accumulated  in  turbidite  beds  overlying  a  column  of  thermogenic  gas  ascending  to  the  sea 
floor  through  diagenetically  contracted  siliceous  deposits  of  Miocene  age.  At  a  large  VAMP 
(pull-up  s  30  ms,  push-down  =  80  ms),  the  minimum  volume  of  methane  involved  is  about  0.8 
X  10^  m^  (0.3  TCF),  which  is  equivalent  to  a  large  gas  field. 


IS  BLANKING  EFFECT  ASSOCIATED  WITH  HIGH  VELOCITY 
HYDRATE  BEARING  SEDIMENTS  ABOVE  BSR? 

V.  Rousseau  (1),  A  Sakai  (2),  S.  C.  Singh  (1)  and  T.  A.  Minshul!  (1) 

(1)  Bullard  Laboratories,  University  of  Cambridge,  Cambridge,  England, 

(2)  Japan  Petroleum  Exploration  Co.,  Ltd.(Japex),  Tokyo,  Japan. 

Unreflective  zones  above  bottom  simulating  reflectors  (BSR)  are  sometimes 
interpreted  to  be  due  to  a  decrease  in  impedance  contrasts  that  might  result 
from  the  presence  hydrates  in  the  pores  space.  However,  VSP  results  from  ODP 
Leg  164  on  the  Blake  Ridge,  the  classic  example  of  such  "blanking”,  suggest 
that  this  effect  is  rather  due  to  the  highly  uniform  lithology  in  the  region.  A 
multichannel  seismic  dataset  from  the  continental  margin  of  Japan  suggests 
that  blanking  there  might  be  associated  with  the  presence  of  a  strong  BSR. 
We  use  a  combination  of  a  Genetic  Algorithm  (G.\)  based  migration  velocity 
method  (Geneva)  and  a  seismic  waveform  inversion  method  to  obtain  a  P-wave 
velocity  distribution  above  the  BSR.  The  1-D  full  waveform  inversion  resolves 
the  fine  scale  velocity  structure  by  minimising  the  misfit  between  synthetic 
and  observed  seismic  data  sample-by-sample.  Geneva  is  a  2-D  prestack  depth 
imaging  procedure  using  GA  to  find  the  optimum  velocity  model.  Regions  of 
smooth  variation  are  identified  and  sparsely  parameterised  by  nodes  describing 
long  and  short  wavelength  velocity  variations.  The  best  model  is  achieved  by 
maximising  the  flatness  of  common  image  gathers  in  the  vicinity  of  reflectors. 
The  velocity  from  the  waveform  inversion  at  various  locations  indicates  different 
velocity  structures  above  the  BSR.  Preliminary  results  from  Geneva  seem  to 
suggest  an  association  of  high  velocities  with  zones  of  low  reflectivity. 


Broad-band  seismic  data  acquisitions  for  fine  scale  imaging  and 
velocity  determination  associated  with  BSR 
Akio  Sakai 

Japan  Petroleum  Exploration  Co.,  Ltd.  (Japex) ;  akios(gjapex.co.jp 

In  order  to  finely  image  BSR  (bottom  simulating  reflectors)  and  their  velocity 
structures,  a  couple  of  experimental  seismic  surveys  (MCS,  DTAGS,  OBS)  were 
conducted  in  the  continental  margin  facing  the  Eastern  Nankai  Trough.  Based  on 
these  survey  data,  several  seismic  features  associated  with  the  BSR  are  interpreted 
and  evaluated  quantitatively. 

Seismic  blanking  effect  characterized  by  the  lack  of  reflections  above  BSR  is  not 
common  in  active  margins.  But  in  the  current  surveys,  blanking  zone  is  identified  in 
some  restricted  area  over  broad  frequency  bands.  Interesting  character  of  this 
blanking  is  the  amplitude  increase  of  BSR  strongly  at  the  farther  offset  distance  due 
to  turning  ray  effects.  By  the  tomographic  coherency  inversion  technique  the 
interval  velocity  structure  is  estimated. 

Transverse  wave  velocities  are  estimated  by  means  of  iraveltime  inversion  of  the 
observed  transverse  waves  converted  at  BSR  and  waveform  fitting  with  model 
syntheses  for  multichannel  OBS  data. 

Seismic  sections  clearly  shows  steeply  dipped  normal  faults  reaching  the  seafloor 
and/or  the  base  of  the  deformed  unconsolidated  sediment,  and  strong  amplitude 
sediment  layers  intersected  with  BSRs  which  may  be  considered  conduit  of  liquid 
migration.  Lateral  BSR  amplitude  weakening  is  interpreted  as  the  subsidence  of  the 
layers. 


GAS  HYDRATES  IN  THE  SEABED  SEDIMENTS  ON  THE  NORTH¬ 
EASTERN  PART  OF  THE  BLACK  SEA 

A.Stadnitskava  and  LBelenkaya 

UNESCO/MSU  Centre  for  Marine  Geosciences,  Faculty  of  Geology,  Moscow  State 
University,  Vorobjevi  Gori,  1 19899,  Moscow,  Russia 
Tel/Fax:  (7X095)  9394917;  E-mail:  main@fluns.geol.msu.su 

A  rich  collection  of  gas  hydrates  was  sampled  during  the  6th  'Training-Through- 
Research"  expedition,  which  was  carried  out  in  1996  in  the  Black  Sea.  The  study 
region  is  a  newly  discovered  area  of  the  extensive  fluid  flux  and  gas  venting  on  the 
seafloor.  This  area  is  known  by  the  Oligocene-Low  Miocene  mud  dcapiric 
structures.  Some  of  the  diapirs  are  crowned  by  mud  volcanoes.  Abundant  gas 
hydrates  were  found  in  mud  breccia  at  the  5  sites,  at  water  depth  ranging  from  1850 
to  2100  m.  The  gas  from  the  gas  hydrates  appeared  to  be  mostly  methane  (97.7%- 
99.9%).  However,  some  gas  hydrate  samples  are  noted  for  presence  of  small 
admixture  of  heavy  hydrocarbons  up  to  i-hexanes.  The  pore  water  from  the 
sampling  site  BS288G  containing  gas  hydrates  is  twice  desalinises  as  normal  Black 
Sea  water.  In  this  core  the  Cl*  constitutes  343.66  mgeq/l  in  the  uppermost  part  and 
decreases  up  to  184.23  mgeq/l  in  the  gas  hydrated  layer.  In  addition,  several  layers 
of  this  core  are  characterised  by  large  fall  of  the  Ca^*"  and  Mg^'^concentrations. 
Those  fells  correlates  with  the  appearance  of  the  outhigenic  carbonate  minerals 
within  this  core. 


REFLECTED  AND  REFRACTED  SEISMIC  IMAGES  OF  THE  BSR  IN  THE 
SOUTH  SHETLAND  MARGIN  (ANTARCTIC  PENINSULA) 

U.  TinivellaflL  F.  Accaino  (2),  and  E.  Lodolo  (1) 

(1)  OGS,  Trieste  (Italy),  (2)  DINMA,  University  of  Trieste  (Italy) 
umberta@magrav.ogs.trieste.it  Fax;  +39-40-327307 

A  Bottom  Simulating  Reflector  (BSR)  present  on  the  South  Shetland  Margin  has 
been  extensively  surveyed  during  February  1997  by  the  R/V  OGS-Explora,  with  the 
main  scope  to  map  its  extent  and  to  reveal  its  acoustic  characteristic.  About  750  km 
of  high  resolution  multichannel  and  single  channel  seismic  reflection  profiles  have 
been  acquired,  and  a  three-component  Ocean  Bottom  Seismometer  (OBS)  was 
deployed.  So,  we  increase  the  information  on  the  physical  properties  of  gas 
hydrate-  and  free  gas-bearing  sediments.  We  found  that  the  BSR  Is  present  along 
the  margin  in  water  depths  ranging  from  1400  to  2300  m.  It  is  clearly  superimposed 
on  the  sedimentary  reflector  configuration  of  the  margin,  and  this  is  particularly 
evident  in  areas  where  it  crosses  folded  and  deformed  sequences.  Preliminary  data 
analysis  has  shown  that  the  BSR  is  locally  offset  by  structural  discontinuities 
(faults),  and  we  propose  the  hypothesis  that  the  faults  act  as  conduits  for  migration 
of  natural  gas  towards  the  surface,  controlling  the  gas  hydrate  and  the  free  gas 
distribution.  We  estimated  from  theoretical  models  and  from  compressional  and 
shear  velocities  attributes  the  amounts  of  free  gas  and  gas  hydrate  in  this  margin 
where  the  BSR  occurs,  with  percentages  for  both  components  smaller  than  15%  in 
the  pore  space. 
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AN  INTEGRATED  STUDY  OF  SEISMIC  AND  HYDROTHER¬ 
MAL  CHARACTERISTICS  ON  THE  CLATHRATE  BEARING 
SEDIMENTS  OF  THE  MAKRAN  ACCRETIONARY  WEDGE 
OFF  PAKISTAN 

H.  Villinger,  I.  Grevemeyer  and  A.  Rosenberger  and  N.  Kaul 
Universitat  Bremen,  Fachbereich  Geowissenschaften,  28334  Bremen. 
nkaul4lgeophys2 .  imi-bremen .  de 

During  cruise  S0124  single-channel  seismic  and  geothermal  measurements  were 
carried  out  across  the  southern  part  of  the  Makran  accretionary  complex  south 
of  Pakistan.  The  accretionary  complex  is  well  known  for  its  thick  pile  of  sed¬ 
iments.  The  detailed  mapping  of  the  BSR  in  combination  with  closely  spaced 
heatflow  measurements  will  help  to  answer  the  question,  if  heat  is  transferred  in 
a  diffuse  manner  through  the  sediments  due  to  expulsion  of  pore  fluids.  Crucial 
for  the  calculation  of  the  temperature  at  the  depth  of  the  BSR  is  a  detailed 
velocity-depth-profile,  which  is  derived  from  wide-angle  refraction  surveys  and 
near  vertical  incident  reflexions  recorded  with  high-frequency  ocean-bottom  hy¬ 
drophones.  The  reflexion  data  reveal  the  very  continues  and  sharp  appearance 
of  the  BSR  along  strike  and  across. 


NEOTECTONIS  AND  THE  ORIGINS  OF  BSRs  ALONG  THE 
PERU  MARGIN 

R.  von  Huene,  N.  Kukowski  (GEOMAR,  Wischhofstr.  1  -  3,  24148 
Kiel),  I.A.Pecher  (Woods  Hole  Oceanographic  Institute, 
Massachusetts)  (rhuene@geomar.de) 

The  distribution  of  BSRs  across  the  Peru  margin  appears  related  to 
tectonic  uplift  and  carbon  content  of  sediment.  Where  the  active  acretion 
of  deep  ocean  pelagic  sediment  containing  less  than  1%  carbon  is 
seismically  imaged,  no  BSR  is  formed.  Also  no  BSR  forms  in  carbon- 
rich  (4%  -  8%)  sediment  of  the  subsiding  Lima  Basin.  Conversely, 
BSRs  are  abundant  in  carbon-rich  sediment  affected  by  tectonic  uplift 
and/  or  rapid  sedimentation.  These  BSRs  are  formed  as  soon  as  small 
amounts  of  free  gas  contact  the  base  of  the  hydrated  sediment.  The  free 
gas  is  probably  released  from  gas  hydrates  during  uplift  or 
sedimentation  by  dissociation  as  the  hydrate  phase  boundary  shifts 
upward.  However,  during  the  subsidence  of  Lima  Basin,  free  gas  may 
be  hydrated  as  subsidence  causes  the  phase  boundary  to  shift 
downward,  although  gas  hydrate  is  affected  by  several  factors,  vertical 
motion  and  carbon  content  of  the  sediment  seem  dominant  along  the 
Peru  convergent  margin. 


DEEP  TOWED  MULTICHANNEL  SURVEY  TO  STUDY  THE  GAS 
HYDRATES  OFFSHORE  VANCOUVER  ISLAND 

R.  Walia(l),  D.  Hannay(l),  G.  Spence(l),  R.  Hyndman(2).  R.  Chapman(I)  and  Y. 
Mi(l) 

(l)SEOS,  University  of  Victoria,  Victoria,  BC,  Canada  V8W  2Y2,  {2)Pacific 
Geoscience 

Center,  Geological  Survey  of  Canada,  Sidney  BC  Canada 
Email:rwalia@geosunl.seos.uvic.ca,  Fax:  250-472-4620 

.  A  deep  towed  high-resolution  seismic  survey,  offshore  Vancouver  Island,  was  carried 
out  in  May  1997  in  collaboration  with  the  US  Naval  Research  Laboratory.  The  survey 
was  carried  out  using  a  Deep  Towed  Acoustic/Geophysics  system  (DTAGS).  which 
consists  of  2  subarrays  of  24  hydrophone  groups  each  (group  spacing:  2.Ini  for  the 
first  array  and  2 1  m  for  the  second).  It  uses  a  Helmholtz  resonator  source,  generating  a 
linear  sweep  from  250-650Hz  over  0.25s  with  signal  strength  sufficient  to  sample  the 
upper  500m  of  the  sediments.  The  system  was  towed  at  depths  of  about  1  km  in  water 
of  depth  ^1.3km.  Difficulties  in  processing  arise  due  to  shot-to-shot  variations  in  the 
depth  of  the  source  and  the  hydrophone  groups.  However,  the  dataset  promises 
excellent  temporal  and  spatial  resolution.  The  preliminary  near-channel  stack  section 
has  shown  several  sub-seafloor  reflectors  with  fine  spatial  details.  More  interesting 
results  such  as  small-scale  stractures  within  hydrated  layer,  particularly  around  BSR, 
and  the  precise  velocities,  required  for  hydrate/gas  saturation  estimation  above/below 
BSR,  are  expected  from  the  processing  of  the  far  offset  multichannel  array.  In  this 
paper  we  present  a  generalized  approach  of  processing  and  a  comparison  of  DT.AG 
sections  and  velocities  with  those  from  single  channel  and  multichannel  data 
previously  acquired  using  airgun  sources. 


A  LABORATORY  SYSTEM  FOR  CREATING  AND  TESTING  GAS 
HYDRATES  WITHIN  SEDIMENT 

W.  Winters  (1),  J.  Booth  (1),  D.  Mason  (1),  I.  Pecher  (2),  W.  Dillon  (1),  R.  Davis 
(1),  M.  Relle  (1),  and  B.  Clennell  (3) 

(1)  U.S.  Geological  Survey,  Woods  Hole,  MA  02543  USA,  (2)  WHOI,  Woods 
Hole,  MA  02543  USA,  (3)  University  of  Leeds,  Leeds  LS2  9JT,  UK 
bwinters@usgs.gov 

A  unique  laboratory  instrument  (GHASTLI:  Gas  Hydrate  And  Sediment  Test 
Laboratory  Instrument)  has  been  used  to  form  gas  hydrates  within  different 
types  of  materials  and  measure  their  mass  physical  properties.  In  addition,  we 
have  performed  tests  on  marine  sediment  from  the  Blake  Ridge  region, 
where  naturally  occurring  gas  hydrates  were  recovered  during  ODP  Leg  164, 
to  determine  consolidation  stress  history  and  engineering  properties  (e.g., 
shear  strength,  which  can  be  used  for  slope  stability  analyses).  The  system 
simulates  sub-seabed  overburden  conditions  by  imposing  a  confining 
pressure  (<2500-m  water  depth)  externally  to  a  test  specimen  while 
maintaining  a  constant  internal  pore  pressure.  Methane  and  sea  water  can  be 
introduced  using  a  computer-controlled  flow  rate  or  differential  pressure  by 
syringe  pumps  or  by  a  separate  hydraulic  pressure  intensifier  system.  Four 
ports  at  the  ends  of  the  cylindrical  specimen  enable  distribution  and 
collection  of  fluids  or  gases  and  their  measurement  using  a  back  pressure 
sub-system.  A  unidirectional  temperature  gradient  is  controlled  with  a  heat 
exchanger  located  at  the  top  of  the  sample.  Acoustic  velocity  and  electric 
resistance  have  been  measured  before  and  during  hydrate  formation  and 
after  dissociation. 


TWO-PHASE  EQUILIBRIA  BETWEEN  HYDRATE  AND  SEAWATER 
O.Y. Zatsepina  (1)  and  B. A. Buffett  (1) 
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olga®geop.ubc.ca,  buffett®geop.ubc.ca/Fax:  -f-604-822-6047 

The  solubility  of  methane  gas  in  seawater  is  calculated  over  a  range  of  pressure 
and  temperature.  The  gas  in  seawater  coexists  with  either  free  gas  at  high 
temperature  or  solid  hydrate  at  low  temperature  and  high  pressure.  We  show 
that  the  solubility  of  methane  decreases  sharply  with  temperature  when  the 
hydrate  phase  is  present.  In  effect,  gas  is  transfered  from  solution  to  hydrate 
as  the  hydrate  phase  becomes  more  stable.  Such  an  abrupt  decrease  in  solubil¬ 
ity  permits  hydrate  to  crystallize  directly  from  the  aqueous  solution,  without 
the  need  of  any  free  (bulk)  gas.  Quantitative  estimates  of  the  phase  equilib¬ 
rium  are  also  important  for  the  dissociation  of  hydrate,  which  may  represent  a 
positive  feedback  on  global  warming  or  a  negative  feedback  to  advancing  glacia¬ 
tion.  We  model  the  decomposition  of  hydrate  caused  by  plausible  changes  in 
temperature  and  pressure  on  the  basis  of  the  governing  equations  for  hydrate 
formation/dissociation  as  well  as  the  condition  of  thermodynamic  equilibrium. 
The  equations  provide  a  complete  description  of  hydrate  dissociation  in  a  uni¬ 
form  porous  media  in  a  one  spatial  dimension  resulted  in  quantitative  estimates 
for  the  time  scale  of  hydrate  releasing  into  the  atmosphere. 
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HOW  DO  SERPENTINIZED  PERIDOTITES  CONTRIBUTE  TO  MARINE 
MAGNETIC  ANOMALIES? 


H.  Horen,  O.  Oufi  et  M.  Cannat.  Laboratoire  de  Petrologic  URA  736  Paris,  France 


Marine  geological  and  geophysical  observations  show  that  serpentinized  peridotites 
are  a  major  component  of  the  oceariic  crust  formed  at  slow  spreading  ridges.  Their 
contribution  to  magnetic  anomalies  is  probably  important  but  is  not  well  known 
because  the  properties  of  individual  samples  may  vary  widely.  We  have  studied 
magnetic  properties  of  serpentinized  peridotites  from  Leg  109  and  153  (Hole  670  and 
920  respectively)  located  near  the  Mid  Atlantic  Ridge.  Natural  Remanent 
Magnetization  (NRM),  magnetic  susceptibility  (K),  Koenigsberger  ratio  (Q),  saturation 
magnetization  (Js),  saturation  remanence  (Jts),  coercive  force  (He)  and  remanent 
coercivity  (Her)  have  been  investigated.  K  and  Js  reflect  the  percentage  of  magnetite 
formed  during  the  serpentinization,  it  depends  on  the  serpentinization  degree  also  on 
the  Fer-pattitionning  between  serpentine  and  magnetite.  The  samples  from  Hole  670 
are  characterized  by  an  increase  of  their  magnetic  grain  size  with  serpentinization. 
Magnetic  grains  of  Hole  920  samples  remain  small  whatever  their  serpentinization 
degree.  NRM  of  samples  from  Hole  920  is  about  15A/m,  their  average  Q-ratio  greater 
than  1  indicates  that  these  rocks  constitute  a  remanent  magnetic  source.  Some  samples 
from  Hole  670  are  similar  but  most  of  them  are  characterized  by  a  weaker  NRM 
(lower  than  S  A/m).  Their  average  Q-ratio  is  less  than  1,  indicating  that  these 
serpentinized  peridotites  are  principally  an  induced  magnetization  source.  We 
therefore  show  that  magnetic  properties  of  similarly  serpentinized  peridotites  can  vary 
significantly:  from  peridotites  such  as  those  from  site  920  that  are  capable  of  carrying 
a  strong  remanent  magnetization  to  peridotites  such  as  most  of  those  from  site  670  that 
carry  only  a  weak  remanent  magnetization. 


STRUCTURAL  AND  TEMPORAL  VARIABILITY  OF  THE  MAGNETIC 
LAYER  OF  OCEANIC  CRUST  UNDER  CONDITIONS  OF  SLOW 
SPREADING 

E.  Astafurova  (1),  S.  Maschenkov  (1),  A.  Gorodnitsky  (2)  and  S.  Lukyanov  (2) 

(1)  VNIIOkeangeologia,  St.  Petersburg,  Russia, 

(2)  P.P.  Shirshov  Institute  of  Oceanology,  Moscow,  Russia. 
mascha@vniio.nw.tu 

The  magnetic  modeling  has  been  performed  to  understand  the  origin  of  lateral  and 
temporal  variations  in  amplitudes  of  linear  magnetic  anomalies  mapped  in  the  typical 
slow  spreading  area  in  North  Atlantic  between  23  and  29  degrees  N  (Cana^-Bahamas 
Geotransect).  The  geometry  of  models  was  postulated  from  seismic  reflection  data  and 
the  results  of  3D  gravity  modeling.  Effective  magnetization  of  the  crust  has  been 
evaluated  by  Parker's  (1972)  algorithm  and  by  the  method  of  adaptive 
reparametrization  (Gorodnitsky  et  al.,  1994)  as  well.  The  results  are  presented  as  a  set 
of  maps  showing  the  lateral  distribution  of  magnetic  anomaly  amplitudes  and  effective 
magnetization  of  the  crust.  Several  transects  present  the  magnetic  models 
complemented  with  seismic  crossections,  density  estimations  and  spreading  rates  Two 
models  of  thick  magnetic  layer  of  oceanic  crust  (serpentinite  and  gabbro)  are 
discussed. 


VARIABILITY  OF  THE  MAGNETIC  ANOMALIES  OVER  THE 
SLOW  SPREADING  RIDGES  AND  THEIR  INTERPRETATION. 

Ph.  Patriat  (1),  C.  Rommevaux-Jestin  (2)  and  S.  Mercuriev  (1) 

(1)  CNRS,  IPG,  Paris,  France,  (2)  CNRS,  UPMC,  Paris,  France,  (3)  . 

The  Vine  and  Matthews  hypothesis  has  allowed  to  model  the  oceanic  mag¬ 
netic  anomalies  over  the  all  ridge  system,  whatever  the  spreading  rate,  using 
a  simple  symmetric  model  of  series  of  reversed  and  normal  magnetized  blocks. 
However,  along  the  slow  spreading  ridges  (half  rate  <  2  cm/yr),  it  is  difficult  to 
find  such  synthetic  models  which  match  quite  correctly  the  observed  magnetic 
profiles,  in  view  of  asymmetric  spreading  and  related  different  shape  of  the 
same  anomalies  on  either  flanks.  Detailed  surveys  of  several  sections  of  O-lOMa 
old  crust  carried  out  over  the  Mid-Atlantic,  Carlsberg  and  South-West  Indian 
ridges,  allow  to  improve  synthetic  model  for  a  better  anomalies  indentification 
and  reversals  location.  Frequently,  a  classical  2D  model  with  small  ridge  jumps 
(around  10  km)  enables  to  explain  change  of  the  anomalies  shape,  aswell  as 
their  asymmetric  position.  This  result  is  supported  by  a  method  of  maximum 
crosscorrelation  of  similar  alligned  fragments  and  drawing  correlation  figures, 
which  allow  to  determine  the  best  time  and  distance  of  the  ridge  jump.  The 
resulting  identification  of  magnetic  anomalies  allow  to  determine  isochrons  on 
both  flanks.  However  the  superposition  of  two  conjugate  isochrons  is  not  accu¬ 
rate  due  to  the  distortion  shape,  and  this  misfit  can  be  explained  by  a  variable 
slope  of  the  block  limits  coming  from  the  3D  structure  of  the  slow  spreading 
ridges. 


VINE-MATTHEWS-MORLEY  ANOMALIES:  FROM  SATELLITE 
TO  SUBMERSIBLE 
J.  Dyment 

CNRS  UMR  6538,  Universite  de  Bretagne  Occidentale,  Brest,  France. 
jeromeOuniv-brest .fr 

The  Vine-Matthews-Morley  anomalies  have  been  originally  recognized  on  sur¬ 
face  marine  magnetic  data  and  represent  the  major  piece  of  evidence  to  define 
the  chrons  of  the  geomagnetic  polarity  time  scale.  These  anomalies  are  also 
observed  on  various  other  magnetic  data  recorded  at  different  altitudes.  Satel¬ 
lite  magnetic  data  reveal  anomalies  which  are  better  explained  by  the  natural 
remanent  magnetization  of  the  oceanic  lithosphere  on  the  Cretaceous  normal 
superchron  and  on  period  of  dominant  geomagnetic  polarity.  Deep  tow  and  sub¬ 
mersible  data  show  the  fine  scale  structure  of  geomagnetic  polarity  and  intensity 
changes,  which  sustain  the  notion  of  cryptochrons.  The  Vine-Matthews-Morley 
concept  is  therefore  valid  for  anomalies  recorded  at  altitudes  as  different  as  1 
m  to  400  km,  for  time  resolutions  of  10  ky  to  50  my.  The  amplitude  and  shape 
of  the  anomalies  at  these  different  altitudes  suggest  a  complex  structure  of  the 
magnetized  layer,  which  varies  both  among  spreading  centers  with  different 
rates  and  thermal  states  and  along  the  same  spreading  center  depending  on 
the  segmentation.  Despite  the  generality  of  the  concept,  the  notion  of  seafloor 
spreading  isochron  may  need  further  consideration  to  take  into  account  this 
variability  and  provide  the  bases  for  better  paleogeographic  reconstructions. 


3D  MAGNETIC  MODELING  ON  SLOW-SPREADING  RIDGES: 
IMPORTANCE  OF  END-EFFECTS  NEAR  DISCONTINUITIES 
Gaud  Pouliquen  (1),  Celine  Rommevaux-Jestin  (2)  and  Philippe  Patriat  (1) 
(1)  C.NRS,  IPG,  Paris,  France,  (2)  CNRS,  UPMC,  Paris  France,  (3)  . 

Studies  on  slow-spreading  systems  showed  a  well-developed  3D  architecture. 
Extrusive  lavas  which  were  previously  considered  as  the  main  magnetic  source 
layer  exhibit  a  fast  time-dependent  decay,  suggesting  that  the  contribution  of 
layer  2A  decreases  with  age.  Studies  on  rocks  magnetic  properties  showed  that 
peridotites  and  gabbros  can  strongly  contribute  to  the  signal.  These  charac¬ 
teristics  require  the  use  of  a  3D  modeling  (Talwani’s  algorithm,  1965)  which 
consider  bodies  of  various  shapes  and  magnetizations,  including  discontinuities, 
obliquity  of  lineations,  many  magnetization  layers.  Assuming  a  simplified  ge¬ 
ometry  and  a  flat  bathymetry,  we  performed  the  modeling  on  the  S.AR.A  area 
(28.-5''-30.5°  N)  on  the  MAR.  We  observe  that  data  are  better  constrained  with 
a  two-layered  source  including  extrusive  lavas  and  gabbros.  This  modelling  sug¬ 
gests  that  non-transform  discontinuities  need  to  be  defined  as  transverse  struc¬ 
tures.  in  order  to  explain  observed  anomalies.  End-effects  are  strong  enough 
to  explain  variations  of  the  amplitude  of  the  central  magnetic  anomaly  and  its 
increase  at  segment  endpoints.  However  the  models  do  not  explain  observed 
positive  anomalies  within  discontinuity  traces.  These  models  are  being  gener¬ 
alised  by  varying  discontinuity  offsets,  field  inclination,  obliquity  of  magnetic 
lineations,  and  using  observed  bathymetry  and  crustal  thickness.  This  should 
allow  to  moderate  some  results,  inferred  from  the  usual  Parker’s  inversion,  such 
as  the  abrupt  increase  in  magnetization  at  segment  endpoints. 
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AXIAL  MAGNETIC  ANOMALY  AMPLITUDES  ALONG  THE 
MID-ATLANTIC  RIDGE  BETWEEN  201  AND  40iN. 

M.  Ravilly,  J.  Dyment,  P.  Gente  and  R.  Thibaud 

CNRS  UMR  6538  and  UniversitA  de  Bretagne  Occidentale  BP  809,  6  avenue  Le 
Gorgeu,  29285  Brest  CAdex,  France 

Corrected  for  the  topography,  spreading  rate,  latitude  and  lineation  azimuth  effects, 
axial  magnetic  anomaly  amplitudes  are  compared  with  other  data  sets  along  the 
Mid-Atlantic  Ridge  (MAR)  axis  between  20i  and  40i'N.  At  a  regional  scale  (>!00  km), 
two  long  wavelength  signals  are  located  between  37.5f  and  40iN  and  between  27i  and 
301^.  The  magnetic  high  centered  upon  the  Azores  hot-spot  at  401^4  is  associated  with 
marked  bathymetric,  gravity,  low  seismic  velocity  and  geochemical  anomalies  which 
suggest  particular  sublithospheric  processes,  deeper  and  more  extensive  partial  melting 
and  therefore  a  possibly  thick  Fe-Ti-enriched  magnetic  source  layer.  A  similar  process 
is  proposed  to  explain  the  magnetic  high  centered  at  29{N  which  is  associated  to 
weaker  bathymetric  and  gravity  features  but  to  a  large  low  seismic  velocity  anomaly 
and  a  marked  intermediate  wavelength  geoid  anomaly.  At  ridge  segment  scale,  all  but 
one  of  the  25  segments  present  higher  amplitude  at  segment  ends  than  at  segment 
centers.  Comparison  with  the  range  of  the  Mantle  Bouguer  Anomaly  (?MBA)  reveals 
a  clear  correlation  with  the  range  of  amplitude  (?A)  and  more  complex  relationships 
with  median  amplitude,  amplitude  at  segment  centers  and  at  segment  ends.  Two 
different  groups  of  amplitude  variations  are  observed,  "hotter"  segments  exhibit 
scattered  amplitude  at  segment  ends  and  grouped  amplitudes  at  segment  centers  while 
the  opposite  is  observed  for  "colder"  segments.  These  observations  support 
fractionation  in  the  case  of  segment  in  a  relatively  hot  state  and  presence  of 
serpentinized  bodies  for  segment  associated  with  a  coolest  thermal  structure  as  the 
major  processes  which  control  the  axial  magnetic  anomaly  amplitude  variations. 


SE50  Recent  marine  geological  and  geophysical 
investigation  in  the  Mediterranean  and 
Black  Sea 

Convener:  Ergiin,  M. 
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NEOGENE  TECTONICS  OF  THE  LATAKYA  BASIN 

Ali  Aksu,  Tom  Calon  and  Jeremy  Hall 

Dept,  of  Earth  Sciences,  Memorial  University  of  Newfoundland 

aaksu@sparky2.esd.mun.ca 

The  Iskenderun-Latakia-Mesaoria  Basin  developed  as  an  arcuate  Miocene  piggy-back 
basin  above  an  ophiolitic  thrust  sheet,  which  links  the  Hatay  and  Troodos  culminations 
via  the  Lamaka  Ridge.  To  the  north,  the  basin  is  bounded  by  the  imbricate  thrust  fan 
of  the  Misis-Kyrenia  Range.  Thrusting  ceased  in  the  Messinian  in  the  north  and  the 
basin  subsided  rapidly  during  the  Plio-Quatemary,  filling  with  a  prograding  delta 
succession  above  Messinian  evaporites.  The  succession  collapsed  in  an  extensional 
fault  fan  detached  in  the  salt,  complemented  by  a  salt-cored  fold  belt.  The  eastern 
boundary  of  the  basin  is  defined  by  the  offshore  extension  of  the  transiensional 
Amanos  Fault  zone.  In  Kyrenia  Range  and  Mesaoria  Basin  thrusting  continued  until 
the  Pleistocene  creating  small  piggy-back  basins  with  Pliocene  growth  strata.  Rapid 
uplift  and  exhumation  started  in  the  Pleistocene.  This  interpretation  of  the  evolution  of 
the  Mesaoria  Basin  contrasts  with  earlier  models  of  Pliocene  fore-arc  extension. 


SOUTHEAST  PACIHC  TECTONIC  EVOLUTION  SINCE  33  MA: 
STEPWISE  MljDOCEAN  TRIPLE  JUNCTION  MIGRATIONS 

S.  F.  Tehhens'  and  S.C.  Cande^ 

^niv.  of  South  Florida,  Department  of  Marine  Science,  140  Seventh  Ave.,  S.,  St. 
Petersburg,  FL  33701 ;  ’Scripps  Institution  of  Oceanography,  La  Jolla,  CA 
tebbensiSmarine.usfedu 

Based  on  oceanic  plate  tectonic  reconstructions  of  the  southeast  Pacific  ocean, 
major  plate  reorgartizations  are  found  to  have  occurred  at  chrons  6C  (24  Ma), 
6(o)  (20  Ma),  and  5A  (12  Ma),  with  a  smaller  reorganization  at  chron  3(o)  (5 
Ma).  The  manner  of  plate  boundary  reorganization  at  chrons  6(o)  and  SA 
(and  possibly  today  at  the  Juan  Fernandez  microplale)  included  a  sequence 
of  rift  propagation,  Irartsfer  of  lithosphere  from  one  plate  to  another, 
microplate  formation,  and  microplate  abandonment .  The  sequence  of 
events  is  called  a  stepwise  triple  junction  migration  because  the  location  of 
the  Paclfic-Antaretic-Nazca  ^AN)  midocean  triple  junction  jumped  several 
hundred  kilometers  as  a  result  of  each  reorganization.  An  example  of  a 
stepwise  triple  junction  migration  occurred  at  chron  5A  when  a  ridge 
propagated  500  km  trorthward  from  the  Valdivia  FZ  system  to  the 
Challenger  FZ,  through  Nazea  plate  lithosphere  formed  roughly  5  Myr  at  the 
Pacific-Nazea  ridge.  The  PAN  triple  junction  jumped  northward  500  km  as  a 
result  of  this  reorganization.  The  Pacific-Antarctic  and  Nazea-Antarctic 
ridges  were  each  500  km  longer  after  the  reorganization,  with  the  Pacific- 
Nazea  ridge  500  km  shorter.  The  chron  5A  reorganization  Included  changes 
in  spreading  direction  of  the  Chile  and  Pacific-AntarcHc  ridges. 


AUTHIGENIC  CARBONATE  INCLUSIONS  IN  GAS  SATURATEED 
SEDIMENTS  OF  THE  BLACK  SEA 

l.Belenkava  and  A.Stadnitskaya 

UNESCO/MSU  Centre  for  Marine  Geosciences,  Faculty  of  Geology,  Moscow  State 
University,  Vorobjevi  Gori,  1 19899,  Moscow,  Russia 
Tel/Fax:  (7)(095)  9394917;  E-mail:  main@fluns.geol.msu.su 

Active  fluid  venting  and  its  surface  manifestation  (gas  hydrates,  carbonates  and 
unique  chemosinthetic  microorganism)  have  been  recorded  in  the  North-Eastern  part 
of  the  Black  Sea  during  the  TTR-6  cruise.  Authigenic  carbonates  in  a  form  of  crust, 
nodules  and  fragile  inclusions  were  found  in  the  different  intervals  of  sedimentary 
cores.  Collected  samples  in  thinsection,  by  X-Ray  analysis  and  measurements  of  C 
and  0  stable  isotope  values  were  performed.  High-Mg  calcite,  calcite,  dolomite  and 
botryoidal  aragonite  void-filling  cements  are  common  features  of  these  carbonates. 
At  two  sites  carbonates  were  presented  mainly  by  ‘’C  enriched  dolomite.  Carbonates 
are  marked  by  delta  ”C  negative  values  in  the  range  fr-om  -2.08%o  to-50,90%o  PDB 
and  5'*0  -3.29%«  to  -6.77%o  PDB, 

Strongly  ‘’C  depleted  carbonates  (from  -27.60%o  to  -50.90%o  PDB)  occur  inside 
distinct  intervals  where  increasing  of  gas  concentration  were  observed.  The  gas 
fr-om  these  sediments  revealed  to  be  mostly  methane  (97-99%).  Stable  isotope  data 
of  carbonates  can  be  interpreted  as  s  result  of  mixture  of  the  marine  and  methane 
derived  carbonates. 


TECTONIC  SETTING  OF  THE  LEVANT  MARGIN 
Z.  Ben-Avraham 

Department  of  Geophysics  and  Planetary  Sciences,  Tel  .Aviv  University,  Ramat 
.Aviv,  69978,  Israel. 

zviOjupiterl.tau.ac.il/Fax:  [972]  3  640  9282 

The  Levant  continental  margin  off  Israel,  Lebanon  and  Syria  is  a  passive  margin 
that  was  formed  during  early  Mesozoic  by  continental  rifting.  The  morphology 
of  the  margin  changes  significantly  from  south  to  north.  It  partially  reflects 
the  deep  crustal  structure  of  the  continental  margin  and  the  tectonic  processes 
which  are  taking  place  over  there.  The  continental  margin  is  divided  into  two 
distinct  provinces  separated  by  the  Carmel  structure  which  extends  northwest¬ 
ward  from  land  across  the  continental  margin  into  the  Levant  basin.  Seismic 
refraction  and  gravity  data  indicate  that  in  the  southern  province  the  transition 
from  continental  to  oceanic  crust  is  gradual  and  takes  place  tens  of  kilometers 
offshore,  at  the  base  of  the  continental  slope.  On  the  other  hand,  in  the  north¬ 
ern  province  the  transition  is  rather  sharp  and  takes  place  close  to  the  coast. 
Magnetic  anomalies  ate  also  of  different  patterns  in  the  two  provinces.  The 
northern  province  of  the  Levant  margin  is  seismically  active  and  continuous 
seismic  profiles  indicate  the  existence  of  active  faults  in  this  region.  The  south¬ 
ern  province  is  more  stable.  It  is  suggested  that  part  of  the  movement  between 
the  Arabian  plate  and  the  Sinai  plate  is  transferred  to  the  northern  province  of 
the  continental  margin  through  faults  in  northern  Israel  and  southern  Lebanon, 
which  connect  the  Dead  Sea  rift  with  the  continental  margin. 
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SOURCES  OF  ORGANIC  MATTER  IN  PLIOCENE  SAPROPELS 
FROM  EASTERN  MEDITERRANEAN  :  MOLECULAR  AND 
SEDIMENTOLOGICAL  APPROACH 

Toanna  Roulnuhassi  f  H.  Marie-Madeleine  Blanc-Valleron  (2)  &  Sung-Ho  Bae  (2) 

(1)  CNRS,  URA197,  Universite  Bordeaux  I,  avenue  des  FacuUds,  33405  Talence 
cedex,  France;  (2)  CNRS  URA  1761  &  MNHN,  Laboratoire  de  Gdologie  du 
MNHN,  43  rue  Buffon,  75005  Paris,  France, 
e-mail:  bouloubassi@geocean.u-bordeaux.fr 

A  series  of  Pliocene  sapropels  from  ODP  Sile  969,  located  on  the  Mediterranean 
Ridge,  were  investigated  for  their  extractable  lipid  components.  The  sapropels  were 
extraordinary  organic-carbon  rich  with  values  reaching  32.2%.  The  molecular 
composition  of  extractable  lipids  was  dominated  by  alkyl  diols  and  ketols,  alkenones 
and  sterols  with  less  important  amounts  of  n-alkanes  and  n-alcohols.  The  molecular 
data  indicate  that  organic  matter  in  sapropels  is  predominantly  derived  from  marine 
algal  sources.  Nevertheless,  the  distribution  of  terrestrial  lipids  indicates  a  significant 
rise  of  land-derived  influx  during  periods  of  sapropel  formation.  Additionally, 
stanol/stenol  ratios  suggest  that  anoxic  conditions  prevailed  during  the  formation  of 
highly  organic-rich  sapropels. 

Sedimentological  data  show  that  the  deposition  of  these  sapropels  is  mainly  related 
to  climatic  control,  as  most  sapropels  and  carbonate  cycles  are  dominantly  controlled 
by  earth-precession  (#  22-kyr  periodicity).  Examination  of  smear  slides  shows  that 
organic  matter  (OM)  is  mainly  amorphous,  with  some  vegetal  fragments  of 
continental  origin.  OM  corresponds  to  high  marine  productivity,  at  least  pro-pane 
from  marine  planktonic  diatoms  that  are  preserved  within  some  sapropels. 


SEISMIC  EVIDENCE  FOR  SHALLOW  GAS  ACCUMULATIONS  IN  THE 
SOROKIN  TROUGH  (NORTH-EASTERN  PART  OF  THE  BLACK  SEA) 


SONAR  AND  SEISMIC  INVESTIGATIONS  IN  THE  SOROKHIN 
TROUGH  (SE  CRIMEA,  BLACK  SEA) 

G.Cifci  f  H.  O.Krvlov  (2).  and  M.Ergiin  (1) 

(1)  D.E.  University,  Dept.  Geophysics,  Izmir,  (2)  Moscow  State  University, 
Geology  Faculty,  Moscow,  gcifcieizniir.eng,deu.edu.tr/Fax;  90-232-3887864 

The  Black  sea  occupies  an  oval  basin  between  the  folded  Alpine  belts  of  the 
Caucasus  and  Crimea  Mountains  to  the  north  and  Northeast  and  the  Pontic 
Mountains  to  the  south.  The  mechanism  of  immense  subsidence  has  given  w^  to 
the  deposition  of  thick  sedimentary  sequence  reaching  up  to  14-15  km.  Mud 
volcanoe  features  have  been  observed  in  the  abyssal  plain  of  the  mid-Black  Sea 
basin  towards  the  southern  and  southeastern  margin  of  the  Crimean  peninsula. 
The  main  objective  of  this  paper  is  to  describe  the  seafloor  features  related  to  the 
mud  volcanoes  and  to  the  iintify  their  origin  with  respect  to  the  neotectonic 
processes.  Detailed  investigations  were  carried  out  across  faults,  controlling 
hydrocarbon  fluid  escapes,  and  fields  of  gas  hydrates  in  the  Sorokhin  Trough  (SE 
Crimea).  Six  High  Resolution  Seismic  Profiies  were  observed  simultaneous  with 
recording  of  side  scan  images  (MAK-1  and  Multibeam  Sittuad  EM-12S) 
bathymetric  surveying  in  order  to  define  whether  faults,  diapirs,  mud  volcanoes, 
hydrocarbon  fluid  accumulation  (bright  spots)  structures  are  accompanied  by 
hydrocarbon  seepage.  The  stmcture  of  upper  part  of  the  sedimentary  cover  was 
analysed  based  on  the  subbottom  profiler  and  seismic  data.  The  lithological 
composition  of  the  bottom  sediments  was  correlated  using  sampling  with  gas 
content  in  order  to  reveal  the  relationship  between  the  lithological  types  and  the 
degree  of  gas  sahiration. 


SOME  GEOLOGICAL  RESULTS  AND  EVOLUTION  OF  THE  WEST  BLACK 
SEA  BASIN 


S.  V.  Bouriak 
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Single-channel  seismic  data,  collected  in  1996  on  the  Crimean  continental 
margin  (Black  Sea)  during  TTR-6  Cruise  has  been  analyzed.  The  smdy  area  is 
known  for  mud  diapirism.  At  the  cruise  several  mud  volcanoes  and  multiple  gas 
seeps  were  discovered.  Gas  hydrates  were  sampled  from  several  mud  volcanoes. 

Multiple  manifestations  of  gas  occurrence  and  migration  through  the 
sediments,  such  as  bright  spots,  acoustic  voids,  and  acoustically  transparent 
columnar  dismrbances,  have  been  recognized  on  the  seismic  recordings.  Two  types 
of  seismic  inversion  algorithms  (maximum-likelihood  inversion  and  model-based 
gradient  inversion)  have  been  applied  to  the  data.  This  allowed  for  estimating 
seismic  impedance  and  velocity  fields  and  facilitated  more  reliable  distinguishing  of 
gas  accumulations.  Local  zones  of  significant  decrease  in  seismic  velocity  observed 
indicate  presence  of  free  gas  trapped  in  sedimentary  pile.  Some  of  these  zones  are 
related  to  the  bright  spots  located  on  the  flanks  of  diapiric  stiuctares. 


Chr.  Dachev(l),  S.  Kostvanev  (2), 
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The  last  ten  years  mark  considerable  progress  in  studying  the  geology  of  the  Black  Sea 
by  geophysical  methods.  It  is  discovered  that  it  consists  of  two  paleobasins  -  Western 
and  Eastern.  In  this  respect  the  contribution  of  seismic  data  and  their 
seismostratigraphic  analysis  is  of  great  importance.  Some  problems  of  depth  strucuires 
and  evolution  of  the  West  Black  Sea  Basin  are  treated  in  this  paper  on  the  basis  of 
complex  interpretation  of  seismic,  gravimetric,  magnetic  and  geothermal  data.  The 
West  Black  Sea  Basin  is  deeper  and  larger  than  the  East  Black  Sea  Basin.  Besides 
it  is  caracterised  by  shallow  position  of  the  M.  boundary,  deeply  laid 
preuppercretaceous  basalt  fundament  and  thick  indeformed  cretaceous-cenozoic 
sediments. 


NEOGENE  TECTONICS  OF  THE  CILICIA-ADA.NA  BASIN 
Tom  Calon,  Ali  Aksu  and  Jeremy  Hall 

Dept,  of  Earth  Sciences,  Memorial  University  of  Newfoundland 
tcalon@sparky2.esd.mun.ca 

The  Cilicia-Adana  basin  developed  as  an  arcuate  Miocene  flysch-filled  foredeep 
across  an  ophiolitic  suture.  Tortonian  molasse  marks  inversion,  with  deposition  in 
piggy-back  basins  on  a  trailing  imbricate  thrust  fan.  Thrusting  ceased  in  the  Messinian 
in  the  east  but  continued  during  the  Pliocene  in  the  south.  Exhumation  created  the 
Kyrenia-Misis  high,  marking  the  southern  boundary  of  a  Messinian  evaporite  basin. 
During  the  Plio-Quatemary  the  basin  subsided  rapidly,  filling  with  a  prograding  delta 
succession,  while  extensional  faults  grew  on  the  northern  flank  of  the  Kyrenia  range. 
They  cut  Miocene  basement  and  may  be  linked  at  depth  as  an  extensional  reactivation 
of  Miocene  thrusts;  their  configuration  suggests  transtension,  probably  related  to  the 
westward  tectonic  escape  of  the  Anatolian  microplate.  Within  the  basin,  collapse  of  the 
prograding  delta  succession  led  to  the  formation  of  an  imbricate  extensional  fault  fan, 
detached  in  the  Messinian  evaporites  and  accommodated  by  a  still  active  sait-cored 
fold  belt. 


GEOPHYSICAL  DATA  FOR  THE  ANAXIMANDER  MOUNTAINS 
M.  Ergun  (I).  J.M.Woodside  (2)  and  E.Z.  Oral  (1) 

(1)  D.E.  University.  Dept.  Geophysics.  Izmir,  (2)  Free  University.  Geomarine 
Centre.  Amsterdam.  mergun@izmir.eng.deu.edu.tr/Fax  ■^90-232-3887864 

The  Anaximander  Mountains  lie  at  the  junction  betw  een  the  Hellenic  and  Cyprus 
arcs.  The  mountains  are  separated  b>  faults  and  are  undergoing  independent 
movement  and  deformation  resulting  from  relative  northvvestly  movement  of  the 
African  plate  with  respect  to  the  Aegean  and  Anatolian  microplates.  Gravity- 
results  indicate  that  there  a  major  crustal  discontinuity  running  directly  through 
the  middle  of  the  mountains  and  that  the  western  peaks  undercompensated 
crustal  loads  and  the  eastern  peaks  overcompensated.  The  magnetic  data  of  the 
region  is  rather  patchy  and  this  suggests  a  complex  block  structire.  Multibeam 
bathymetric  data  indicate  five  different  geological  provinces:  a  fold  belt  resulting 
from  northeastward  compression  of  Antalya  Basin  sediments  by  the  mountains, 
the  eastern  and  southern  mountains,  the  western  mountains.  Finike  Basin,  and  a 
large  tongue  of  gassy  sediments  which  seems  to  have  flowed  out  over  the  Finike 
Basin  from  between  the  western  and  southern  mountains.  Messinian  evaporites 
appear  to  be  absent  (except  in  the  Antalya  Basin  and  to  the  south)  implying  that 
the  basin  formed  since  the  Miocene.  Mud  volcanoes  found  within  the  eastern 
mountain  are  probably  a  result  of  ov  erpressuring  by  gas  in  deeper  sedimentary 
rocks,  possibly  related  also  to  the  compression. 
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NEOCENE  TECTONICS  OF  THE  CYPREAN  ARC  REGION 

Jeremy  Hall.  Ali  Aksu  and  Tom  Calon 

Dept,  of  Earth  Sciences.  Memorial  University  of  Newfoundland 

jhall@waves.esd.mun.ca 

The  Cyprean  arc  lies  on  the  boundary  between  African  and  Anatolian  plates.  It  links 
the  Hellenic  arc  to  the  west  with  the  East  Anatolian  transform  margin  to  the  east.  The 
arc  has  only  diffuse  seismicity  and  no  active  volcanism,  arguably  because  of  incipient 
continental  collision.  We  present  results  of  4500  km  of  multi-channel  seismic 
reflection  data  collected  by  us,  and  integrated  with  a  database  of  some  10,000  km  of 
additional  seismic  profiles.  Interpretation  is  illustrated  in  detail  in  accompanying 
poster  papers,  which  focus  on  the  fore-arc  basins  of  Cilicia-Adana.  Latakya-Mesaoria. 
Each  of  these  basins  and  the  Antalya  basin  to  the  west  has  a  distinctive  Neogene 
history  related  to  its  position  in  the  arc  complex,  and  the  changing  direction  of  the 
convergence  vector.  Oblique  convergence  is  partitioned  behveen  compressiona!  and 
strike-slip  faulting  in  different  ways,  and  extensiona!  fault  systems  accompany  shelf 
and  crestal  collapse. 


SEDIMENTOLOGY  OF  PLEISTOCENE  OF  THE  BLACK" 
SEA  IN  GEORGIA 

G.  Jaoshvili 

Geological  Institute  of  Georgian  Academy  Sciences  M.  Aleksidze 
str.  1/9  380093  Tbilisi.  Georgia,  e-mail:  ROOT(ggeo!ogy.acnet.ge 

The  Pleistocene  sediments  are  wide-spread  in  the  Georgia  Black 
Sea-side.  These  sediments  are  obsei\id  in  orogenie  zones  (Caucus. 
Ajara-Trialeii)  as  a  kind  of  nautical  terraces,  which  are  di.sposed  at 
different  gypsometric  levels. 

The  Pleistocene  sediments  of  Kolkheti  lowland  are  immersed  at 
rather  considerable  depth. 

Eustatics  of  the  World  Ocean  and  corresponding  by  the  Black  Sea 
eustaiics  Pleistocene  and  neotectonie  movements  as  well 
participated  in  the  formation  of  the  region  undersiady.  Both  these 
processes  are  clearly  established  in  vertical  alternation  of 
faunistically  stratified  marine  terrace  facies.  And  in  vertical  section 
replacement  of  marine  sediments  by  continental  ones  or  break  in 
sedimentation  point  to  high  sate  of  neotectonie  movements. 

.Absolute  indices  of  marine  terraces  are  complicated  due  to 
neotectonie  movements  and  don’t  corespond  to  the  sea  level 
change  in  Pleistocene. 


MCS  PROFILES  IN  A  ZONE  OF  INCIPIENT  COLLISION 
BETWEEN  AFRICA  AND  EURASIA,  EASTERN  MEDITERRANEAN 

Kopf,  A.  (akopf@geoniar.de).  Vidal,  N..  Klaeschen,  D..  and  von  Huene,  R. 
GEOMAR,  Marine  Geodynamics,  Wischhofstrasse  1-3,  24148  Kiel,  Germany. 

MCS  lines  across  the  collision  zone  between  Africa  and  Eurasia  provide  insight  into 
the  deformationai  pattern  in  a  scenario  of  microplate  tectonics.  A  set  of  seven  lines 
oriented  subparallel  to  the  presumed  direction  of  plate  convergence  are  tied  by  a  cross¬ 
cutting,  WSW-ENE-striking  line.  This  widespread  coverage  reveals  the  variation  in 
both  the  geometry  of  the  plate  boundary  as  well  as  the  thickness  of  sediments. 

Careful  processing  provided  satisfying  images  with  prominent  reflections  as  deep  as  15 
kilometers.  Whether  the  top  of  the  basement  is  reflected  by  this  reflector  is 
questionable.  Pre-stack  depth  migration  of  the  lines  imaged  profound  variations  in 
thidkness  of  the  basin  fills  between  the  predominantly  sediment-free  topographic  highs 
(Lamaca,  Latakia  and  West  Tarlus  Ridges).  In  the  Phoenician  Basin  south  of  Cyprus, 
up  to  14  km  of  sediment  has  accumulated  since  the  mid-Mesozoic.  Moving  northward, 
the  sedimentary  sequence  in  the  Cyprean  Basin  is  between  2  and  3.5  km  thick 
(increasing  to  the  East),  while  further  north  in  the  Latakia  Basin  up  to  5  km  thick, 
undisturbed  sediments  are  observed.  All  sediment  successions  illustrate  the  presence  of 
Messinian  evaporites  (tens  of  meters  to  more  than  1  km  in  thick).  The  entire  study 
area  is  characterised  by  sets  of  strike  slip  faults  which  relate  to  the  major  tectonic 
lineaments  on  land  (e.g.  Dead  Sea  fault.  Anatolian  faults,  etc.)  and  which  intersect 
both  the  ridges  and.  less  frequently,  the  basins.  Moreover,  both  compressional 
(imbricate  thrusting,  folding)  and  exiensional  (normal  faulting,  block  faulting) 
structures  are  abundant.  The  vicinity  of  the  deformation  front  suffers  intense  faulting 
and  dewatering,  and  the  geometry  of  the  plate  boundary  varies  considerably  along 
strike.  These  variations  most  likely  relate  to  continental  fragments  presently  colliding 
with  Cyprus,  namely  the  Herataeus  and  Eratosthenes  Seamounts. 


QUATERNARY  SEDIMENTARY  PROCESSES  ON  THE 
NORTHEASTERN  MARGIN  OF  THE  BLACK  SEA 

E.  Kozlova.  A.Volkonskaya, 

UNESCO-MSU  Centre  for  Marine  Geosciences,  Moscow  State  University 
akha@fluns.geoI.msu.su/Fax:  (7)(095)  939-49- 1 7 

The  Sorokin  Trough  and  the  Pallas  Uplift,  which  are  located  on  the  northeastern 
margin  of  the  Black  Sea,  were  studied  in  1996  during  the  6*  Training-through- 
Research  Cruise  using  a  set  of  geological  and  geophysical  methods. 

The  northeastern  continental  margin  of  the  Black  Sea  is  covered  by  a  thick 
sedimentary  sequence,  in  which  Maikopian  deposits  (Oligocene-Lower  Miocene) 
attain  a  thickness  of  more  than  5  km  (lower  seismic  unit),  and  Pliocene-Quaternary 
deposits  is  more  than  2.5  km  (upper  seismic  unit). 

The  upper  unit  in  the  most  part  of  the  study  area  is  represented  chiefly  by 
Quaternary  sediments  of  the  paleo-Don/Kuban  Deep-Sea  Fan.  Three  periods  of  the 
activity  of  this  fan  during  the  low  sea-level  stands  of  the  Black  Sea  can  be  supposed 
basing  on  seismic  data.  In  the  western  part  of  the  study  area  there  is  the  small  Yalta 
Deep-Sea  Fan.  Periods  of  activity  of  this  fan  differ  from  those  of  the  paleo- 
Don/Kuban  Deep-Sea  Fan  and  coincide  with  the  sea-level  rises.  The  Yalta  Deep-Sea 
Fan  developed  as  a  result  of  the  melting  of  the  ice  cap  in  the  Crimean  Mountains. 
Diapiric  folds  formed  by  Maikopian  clay  in  the  Sorokin  Trough  are  expressed  in  the 
seafloor  topography  and  act  as  the  natural  barriers  for  turbidity  currents.  The 
western  recent  channel-levee  complex  of  the  paleo-Don/Kuban  Fan  seems  to  be 
controlled  by  the  underlying  structural  trends. 


GEOTERMICS  OF  THE  BL.ACK  SEA  B.ASIN 

R.l.Kutas.  V.P.KoboIev.  V.A.Tsvyaschenko 
Institute  of  Geophysics  Acad.  Sci.  Kiev.  Ukraine 
e-mail:  igpnanu.  kiev.ua!  rool(^  relay.ua.net 

The  Black  See  basin  is  a  deep  depression  situated  in  the  Alpine  folded  belt.  The  total 
thickness  of  Crateceous-Quaternary  sediments  in  the  central  part  reaches  14-18  km. 
The  Earth  crust  thickness  is  reduced  to  22-28  km.  In  the  Black  Sea  basin  more  than 
500  heat  flow  density  (HFD)  determination  have  been  made.  Low  HF  D  (20-40 
mW/m2)  is  dominated.  Zones  of  high  HFD  are  distinguish  in  the  basin  periphery 
and  along  the  Trans-Biack  Sea  fault.  The  efect  of  crustal  structure,  sedimentation, 
heal  generation  and  near-floor  temperature  variation  influence  has  been  estimated 
based  on  numerical  modelling  of  heat  transfer  condition.  The  main  distortions  are 
associated  with  Pliocene-Ouancrnar>'  sediments.  The  corect  HFD  are  50-55 
mW/m2  in  the  West  Black  Sea  basin  and  40-5-  mW  m2  in  the  East  Black  Sea 
basin.  The  mantle  HFD  is  30-40  mW''m2.  A  2-D  geothermal  models  of  earth(s  crust 
have  been  set  up  for  several  profiles.  On  the  base  of  HFD  data  lithosphere 
thickness  and  opening  age  ha\  e  been  estimated. 


AVA-ANALYSIS  ACROSS  THE  WESTERN  MEDITERRANEAN 
RIDGE 

H  Lelgemann  ( 1 ),  D.  Klaeschen  ( 1 ).  and  the  IMERSE  Working  Group 

(1)  GEOM.'X.R,  Kiel.  Germany 

hlelgema®  geomar.de/  FAX:  0049-43 1-600-2922 

Seismic  reflection  coefficients  depend  on  the  impedance  contrast  and  the  reflection 
angle.  For  angles  0  less  than  30®  the  following  first  order  approximation  for  the  P- 
wavc  reflection  coefficient  Rp  exists: 

Rp(e)  =  RpC0)+[Rp(0)  -  2Rs(0)]  sin-(0) 

For  horizontal  layering  NMO-corrected  CMP-Gathers  can  be  transformed  into 
Common  Reflection  Angle  gathers,  for  which  the  source-receiver  distance  has  been 
replaced  by  the  common  reflection  angle.  IIThe  transformation  is  based  on  the 
squared  sine- of  the  angle,  a  least-squares  approximation  of  the  amplitudes  yields  the 
P-wavc  and  S-wavc  reflection  coefficients  for  every  time  sample.  Synthetic  data  as 
well  as  data  of  the  IMERSE-Projeci  have  been  analysed  and  the  results  are  presented 
here. 
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GAS-CHARGED  SEDIMENTS  BENEATH  THE  BLACK  SEA  SHELF 

O.V.  Levchenko  and  L.R.  Merklin  (P.P.  Shirshov  Institute  of  Oceanology, 
Russian  Academy  of  Science,  Moscow,  117851,  Russia); 

V.M.  Sorokin  and  A.V.  Starovoytov  (Geoiogy  Department,  Moscow  State 
University,  Moscow,  119899,  Russia) 

High-resoiution  seismic  reflection  profiles  collected  by  the  Moscow  State 
University  and  P.P.  Shirshov  Institute  of  Oceanology  evidence  that 
Golocene  gas-charged-sediments  upto  10-12  m  thick  are  widespread  at  a 
depth  of  5-10  m  bsf  on  the  western,  north-eastern  and  Caucasus  shelves  of 
the  Black  Sea.  These  areas  are  quite  large  in  size.  On  the  western  shelf, 
the  gas-charged  sediments  zone  is  a  tew  tens  kilometers  wide  and  several 
hundreds  kilometers  long.  Its  western  and  eastern  boundaries  are  limited 
by  isobaths  of  35-40  m  and  80-90  m  respectively.  On  the  Caucasus  shelf, 
this  area  is  limited  by  isobaths  of  10-15  -  45-50  m.  No  causal  relationships 
between  the  areas  and  regional  tectonic  framework  are  revealed.  Piston 
core  data  evidence  that  the  gas-charged  sediments  abound  with  organic 
carbon  (1-3%  for  lower  part  of  novochernomorsky  unit  and  3-5%  for 
drevnechernomorsky  unit).  The  organic  substance  is  considerably  humus- 
sapropelic  detritus.  Shallow  gases  beneath  the  Black  Sea  shelf  seem  to 
generated  as  a  result  of  intense  biochemical  decomposition  of  the 
substance. 


NEW  DATA  IN  EASTERN  MEDITERRANEAN  FROM  THE 
PRISMED  II  SURVEY  (CUV  ATALANTE). 

J.  Mascle  (1),  and  the  shipboard  scientific  party. 

(1)  Lab.  Gdodynamique,  GeoscienceAzur,  06230  Villefranche  (France) 
mascle®obs-vlfr.fr, 

The  Prismed  II  cruise,  onboard  the  RV  Atalante  (  Feb  98)  has  allowed  to 
survey  five  large  areas  of  the  deep  Levantine  basin  in  Eastern 
Mediterranean.  Continuous  swath  mapping,  bottom  acoustic  imaging, 
seismic  reflection  profiling  together  with  magnetic  and  gravity 
measurements  have  been  collected  in  the  following  morphostructural 
domains; 

•  The  central  Mediterranean  ridge,  where  ongoing  incipient  collision 
is  believed  to  occur  between  southern  Crete  and  the  passive  tibyan 
continental  margin  and  where  large  provinces  of  mud  diapirs  and 
volcanoes  are  known. 

-A  wide  area  of  the  Eastern  Mediterranean  Ridge  where  the 
deformationat  style  partly  results  from  oblique  convergence  processes 
between  Aegea  and  Africa 

-  the  Florence  rise,  which  constitutes  a  structural  compressive  link 
between  the  Mediterranean  Ridge  and  the  Cyprus  Arc. 

-  the  Southern  Cyprus  Arc,  particularly  the  Erathostene  seamount 
which  is  progressively  entering  in  collision  with  the  Cyprus  margin. 

-  finally  the  Nile  deep  sea  fan,  characterized  by  a  huge  sedimentary 
pile  and  diapiric  deformations 

We  present  and  discuss  parts  of  the  preliminary  results  from  this 
cruise  in  the  ligth  of  previous  investigations. 


ESTIMATING  IN-SITU  PORE  PRESSURE  AND  FLUID  FLOW 
BY  MODELLING  PUPPI  PRESSURE  DECAYS  FROM  THE 
MEDITERRANEAN  RIDGE 
Th.  Rose  (1.2)  and  H.  Villinger  (1) 

(1)  Universitat  Bremen.  Fachbereich  -5.  Postfach  .330440.  28334  Bremen,  Ger¬ 
many.  (2)  Universitat  zu  Koln.  Geologisches  Institut.  Ziilpicher  StraBe  49a. 
.50 '574  Koln.  Germany. 

thomas.roseCuni-koeln.de/Fax:  [-1-49]  221  470.5149 

We  modelled  data  of  porewater  pressure  measurements  that  were  recorded  with 
the  free-fall  Pop  Up  Pore  Pressure  Instrument  (PUPPI)  during  the  .MEDRIFF 
project.  The  cylindrical  finite-element  models  allow  for  variation  of  the  sedi¬ 
ment  permeability  in  both  the  radial  and  vertical  directions.  Estimation  of  the 
ambient  pressure  is  usually  achieved  by  extrapolating  the  recorded  pressure 
history  in  the  1/f-domain  if  equilibrium  pressure  has  not  been  reached.  Com¬ 
parison  of  e.xtrapolation  with  the  model  results  shows  that  the  extrapolation 
may  lead  to  inaccurate  estimation  of  the  ambient  pressure  if  radial  compaction 
has  not  been  taken  into  account.  In  addition,  lateral  subsurface  How  could  be 
detected.  Two  pressure  histories  recorded  during  the  .MEDRIFF  projei.-t  that 
had  come  to  equilibrium,  provided  a  test  of  the  accura.-y  of  the  models.  The 
ineasurements  required  significant  correction  for  variation  in  the  salinity  of  the 
porewater  caused  by  the  Messinian  evaporites.  The  model  results  itidicate  close 
to  zero  (some  min/year)  downward  flow  at  tlie  loi.-ation  of  the  PUPPI  deploy¬ 
ments. 


STRDCTIJRE  OF  THE  BLACK  SEA  FROM  THE  GEOPHYSICAL  DATA 
C.  Sanf  n.  E.  Ozelf2>  and  M.  Ergiin(l) 

(1)D.E.U.  Faculty  of  Engineering.  Bomova-izmir,  Turkey,  (2)D.E.U.  Institute  of 
Marine  Sciences  and  Technology,  Inciralti-lzmir,  Turkey, 
csari@izmir.engdeu.edu.tr/  Fax;-b90-232-388  78  64 

Observing  and  analysing  the  extensional  tectonics  of  the  Black  Sea  and  of  the  Mid- 
Black  Sea  ridge,  it  is  possible  to  show  that  this  region  was  affected  by  two  main 
rifting  phases(Middle  Jurassic  and  the  upper  part  of  the  Lower  Cretaceous).  During 
the  last  geodynamic  process,  the  opening  of  the  deep  Black  Sea  took  place  as  a 
consequence  of  the  formation  of  two  back-arc  basins  behind  the  W  and  E-Pontides. 
The  W-Black  Sea  basin  evolved  to  the  stage  of  complete  crustal  opening  with  a 
basaltic  basement  progressively  younger  from  N  to  S.  At  the  same  time,  the  E- 
Black  Sea  basin  evolved  to  the  stage  of  a  very  thin  continental  crust  affected  by 
numerous  listric  faults  and  block-tilting.  The  deep  E  and  W-Black  Sea  basins  of 
the  Black  are  marked  with  two  elongated  Bouguer  gravity  anomalies  reaching  up  to 
140-180  mGal.  Gravity  data  interpretation  results  gave  very  similar  results  as 
curtained  by  the  deep  seismic  studies  in  the-Black  Sea  with  up  to  15  km  sediment 
thicknesses.  Magnetic  anomalies  of  the  deep  Black  Sea  and  the  surrounding  areas 
are  distinguished  regionally.  The  E-Black  Sea  basin  has  dominant  SE-NW  trending 
magnetic  anomalies  e.xtending  from  Batum  to  Crimea  in  tine  with  the  Caucasus 
trends.  Hie  southern  side  of  Black  Sea  along  the  Turkish  coast  is  dominated  by 
short  wave-length  magnetic  anomalies 


SEABED  STABILITY  RELATED  TO  GAS  PHENOMENA 

W.G.M.  van  Kesleren  (1).  C  Kuyper  (1)  and  A.  Crosato  (1) 

(I)  Delft  Hydraulics.  Delft.  Netherlands 
wallher.va^esteren'Swldelft.nl ,  FAX:  31-15-2858710 

The  occurrence  of  gas  hydrates,  hyperconcentrated  dissolved  gas  and  free  gas  in 
cohesive  sediments,  like  mud  and  soft  clays,  plays  an  important  role  in  the  stability 
of  the  seabed  of  for  instance  continental  slopes  and  river  fans  on  continental 
shelves.  Given  the  fine  pore  size  distribution  within  cohesive  sediments,  conditions 
may  be  such,  that  much  more  gas  (especially  methane  and  carbon  dioxide)  can  be 
dissolved  in  the  porewater,  than  compared  with  free  water,  due  to  capillary 
condensation  effect.  The  equilibrium  between  dissolved  gas.  gas  hydrates  and  free 
gas  in  bubbles  is  at  high  free  gas  contents  indifferent  stable  due  to  the 
underconsolidated  state.  The  stability  can  be  triggered  by  events  like  stonn  surges 
and  earthquakes,  resulting  in  bubble  growth,  cracking  and  bubble  coalescence.  The 
subsequent  gas  release  can  induce  landslides,  turbidity  currents  and  tsunamis. 
During  gas  release  also  local  rapid  consolidation  of  the  sediments  takes  place,  and 
local  depressions  are  formed.  The  outflow  of  gas  and  porewater  will  be  local, 
yielding  vertical  discharge  channels,  like  pockmarks  (small  scale)  or  mud 
volcanoes  (large  scale). 

In  the  paper  the  involved  processes  are  described  theoretically  and  experimentally, 
and  applied  for  stability  analysis  of  the  seabed  like  landslides,  pockmark  stability 
and  differential. 


THE  DANUBE-DNIEPR  DEEPSEA  FAN  COMPLEX: 
MORPHOSTRUCTURE  AND  EVOLUTION 

C.  Winguth'.  H.  K.  Wong',  N.  Panin’,  C.  Dinu’,  P.  Georgeseu’ 

*  Institute  of  Biogeochemistry  and  Marine  Chemistry,  Hamburg  University 
^  Romanian  Center  of  Marine  Geology  and  Geoecology,  Bucharest,  Romania 
^  Faculty  of  Geology  and  Geophysics,  Bucharest  University 
e-mail;  vringuth@geomat.math.uni-hamburg.de 

Eight  seismic  sequences  have  been  distinguished  and  mapped  on  the  continental 
slope  and  in  the  deep  basin  of  the  northwestern  Black  Sea.  The  two  lower  se¬ 
quences  consist  mainly  of  unchannelized  mass  transport  deposits,  while  the  six 
upper  sequences  with  their  typical  channel-levee  systems,  and  oveibank  and  mass 
transport  deposits  build  up  the  deepsea  fan.  The  fan  complex  can  be  subdivided  into 
the  Danube  fan  and  the  so-called  Dniepr  fan,  of  which  the  latter  probably  comprises 
sediments  delivered  by  the  rivers  Dniepr,  Dniestr  and  Bug.  Different  types  of  mass 
transport  deposits  predominate  in  each  fan:  slump  deposits  are  prevalent  in  the 
Dniepr  fan,  while  sediment  slides  and  debrites  are  the  most  abundant  in  the  Danube 
fan. 

Relative  onlap  curves  for  eight  shelf  locations  have  been  constructed.  By  estimating 
the  subsidence  due  to  thermal  relaxation  and  sediment  load,  as  well  as  vertical  dis¬ 
placements  due  to  faulting,  a  regional  "custatic"  sea  level  curve  has  been  estab¬ 
lished.  The  six  upper  sequences  were  then  correlated  with  this  sea  level  curve  and 
the  ^obal  oxygen  isotope  stages,  yielding  an  age  estimate  of  ca.  900  ka  for  the 
deepsea  fan  complex.  The  computed,  decompacted  average  sedimentation  rates 
range  between  130  and  225  cm/ka. 
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THE  IMPORTANCE  OF  THE  MARMARA  SEA  GATEWAY  IN  PALEO- 
OCEANOGRAPHIC  EVOLITION  OF  THE  AEGEAN  SEA 


D.YASAR  ( 1 ).  A.AKSU  (2),  R.HISCOTT  (2) 

(1)  Institute  ot'  Marine  Sciences  and  Technology.  Dokuz  Eyiul  University.  (2) 
Department  of  Earth  Sciences.  Memorial  University  of  Newfoundland. 
yasar(^:neptune.imsi.deu.edu.lr  fax:-^-90  232  2785082 

Interpretation  of  single-channel  and  Huntec  deep-tow- profiles  demonstrates  that  the 
Marmara  Sea  experienced  small  amplitude  (-70m)  fluctuations  In  sea-level  during 
the  Quaternary,  limited  in  magnitude  by  the  sill  depths  of  the  Dardanel  and 
Bosphorus  Straits.  During  the  last  glacial  maximum.'  the  sill  depths  of  the 
Dardanelles  and  the  Bosphorus  forced  a  staircase  of  water  levels  in  the  region  from 
about  -35  m  in  the  Black  Sea  to  about  -70  in  the  Marmara  Sea  to  about  -120  m  in 
the  Aegean.  The  global  sea-level  curve  shows  that,  at  11.000  and  9.500  vtBP 
correlates  remarkably  well  with  the  onset  of  the  deposition  of  SI  in  the  .Aegean  Sea. 
The  timing  of  the  deselopment  of  SI  in  the  Aegean  Sea,  as  well  as  SI  of  the 
Mediterrenean.  is  Inteipreted  to  coincide  with  the  lime  of  rapid  irangression  across 
the  southern  shelf  of  the  Marmara  Sea  and  contemporaneous  vigorous  outflow  of 
low-salinity  surface  waters  transiting  the  Marmara  Sea  gateway  derived  from 
melting  of  northern  European  Ice  sheets. 


SE51  Structures  and  processes  in  sedimentary 
fans 

Convener:  Uenzelmann-Neben,  G. 

Co-Convener:  Droz,  L. 


The  Nile  deep-sea  fan  :  preliminary  results  of  the 

PRISMED  II  CRUISE  (IW  ATALANTE). 

G.  Bellaiche  (1),  J.  Mascle  (1),  L.  Droz  (2).  V.  Gaullier  (3),  Y.  Mart  (4) 
and  the  shipboard  scientific  party. 

(1)  Lab.  Geodynamique,  GeoscienceAzur,  06230  Villefranche  (France) 
be11aich@obs-vIfr.fr  ,  mascle@obs-vlfr.fr,  (2)  Univ.  de  Bretagne  Occ., 
Brest  (France)  ldroz@ifremer.fr,  (3)  Univ.  de  Perpignan,  LGSM, 
Perpignan  (France)  gau11ier@univ-perp.fr,  (4)  Recanati  Center  for 
Marine  studies,  Haifa  (Israel)  y.mart@research.haifa.ac.iI 

Up  to  now,  the  Nile  Cone,  despite  of  its  important  size,  remained  poorly 
known.  The  rough  exploring  methods  available  on  this  deep-sea  fan, 
such  as  single  channel  echo-soundings  and  deep  penetrating  seismic 
profiles,  did  not  allow  to  clearly  identify  any  specific  feature  now 
commonly  described  in  most  of  the  deep-sea  fans  such  as  main 
physiographic  divisions,  networks  of  channels,  sedimentary  lobes, 
growth-faults  morphology  etc.,  or  contrasted  acoustic  facies  indicating 
significant  growth  pattern  (stacked  and  shifting  sedimentary  bodies). 
During  15  days,  the  "Prismed  H"  cruise  of  the  IW  Atalante  permitted 
to  study  the  Nile  Cone,  thanks  to  swath  multibeam  bathymetric  profiles, 
acoustic  imagery  (with  Simrad  EM  12  dual),  high  resolution  seismic 
profiles,  magnetometry  and  gravimetry. 

The  preliminary  results  of  this  cruise  are  presented  and  discussed. 


STUDY  OF  DYNAMIC  OF  MUD  BANK  ALONG  THE  GUIANA  COAST 

C.  CHEVALIER  (1)  AND  J.  P.  LEFEBVRE(2) 

( 1  )ORSTOM,  cberthet@orstom.fr 

(2)ORSTOM,  lefebvre@bondy.orstom.fr 

This  poster  presents  the  contribution  of  Orstom  to  the  PNOC  (Programme  national 
d'oceanographie  cotibre)  on  dynamic  of  mud  banks  along  the  french  Guiana  coast. 
The  sediments  yield  by  the  river  Amazon  can  remain  suspended  in  water  or  settle  and 
form  mud  banks.  They  are  transported  from  the  mouth  of  the  river  to  the  Caribbean 
Sea,  affecting  severely  the  ecological  equilibrium  of  the  coastline.  The  present  study 
aims  to  investigate  the  dynamic  of  mud  banks  along  the  coast  of  Guiana.  Nowadays, 
it  exists  six  mud  banks  along  this  coast,  each  of  an  approximate  volume  of  three 
milliards  cubic  meters.  It  had  been  evaluated  that  their  average  propagation  rate  is 
about  900m  per  year,  with  seasonal  and  local  variations.  The  interactions  of  combined 
hydrologic  phenomena,  such  as  wave,  currents,  together  with  mechanical  behaviour  of 
the  material  are  responsible  for  the  observed  dynamics  (I.e.  fluidisation,  erosion...). 
The  planned  study  consists  of  the  achievement  of  in  situ  measurements,  carried  out 
simultaneously  with  the  development  of  one  and  two  dimensional  models. 


SALT  TECTONICS  GROWTH  FAULT  PATTERN  IN  THE  G1T.F  OF  UON  PLIO- 
QUATERNARY/FRANCE 

T.  Dos  Reis  fl  2  3),  A.  Mauffret  (1),  C.  Gorini  (4) 

(1)  Ddp  de  Gdotectonique  UPMC  France,  (2)  Dep  of  Oceanography  UERJ  Brazil, 

(3)  Grant  funded  by  CWq  Brazil,  (4)  Univ.  de  Lille  France 

Extensional  tectonics  divcn  by  the  Messinian  salt  layer  flow  and  its 
associated  structures  have  long  been  reported  in  the  literature  of  the  Gulf  of  Lion.  The 
mapping  of  the  fault  trends,  though,  has  not  been  achieved  up  till  now  due  to 
inconsistent  bases  of  seimic  data.  The  present  study  aims  then  to  mapping  this  growth 
faults  pattern  and  investigate  its  role  as  a  possible  controlling  factor  for  the  Plio- 
(Juatemary  progradation,  based  on  closely  spaced  industrial  multichannel  seismics. 
Preliminary  results  show  that  the  trends  of  these  structures  seem  to  be  controlled  by 
the  general  slope  orientation,  being  patallells  to  the  slope  gradient.  The  fault  planes  of 
the  middle  slope,  present  a  generd  E-W  trend  along  the  south  Provencal  margin, 
changing  to  a  NE-SW  direction  in  the  vicinities  of  the  Canyon  Marseille  following 
the  bulging  associated  to  the  Rhone  Deep-sea  fan.,  to  reacquire  a  E-W  direction  on 
the  main  axis  of  the  fan  progradation.  Towards  the  Camargue  margin  a  SE-NW 
direction  is  observed,  before  turning  to  a  general  N-S  trend  all  along  the  Roussillon 
and  Catalan  margins.  As  for  the  distal  faults  in  the  deeper  basin,  a  ENE-WSW  trend  is 
observed  according  to  the  general  isobath  orientation.  Other  structures  like  rollover 
anticlines,  observed  along  the  fault  planes,  induce  importante  local  thickness 
variations  in  the  Plio-quatemary  sequence  related  to  the  rotation  mechanism.  As  well 
as  that,  antithetic  faults  create  some  graben-like  structures  giving  rise  to  topographic 
depressions  that  seem,  at  times,  to  trap  channel  systems  complexes. 
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SYNTHESIS  OF  RESULTS  FROM  OOP  LEG  155,  AMAZON  FAN 
David  J.W.  Piper  (1)  and  Roger  D.  Flood  (2) 

(1)  Bedford  Institute  of  Oceanography,  Dartmouth,  N.S.,  Canada;  (2)  Marine 
Sciences  Research  Center,  SUNY,  Stony  Brook,  NY,  USA 
(1)  piper@agc.bio.ns.ca  (2)  rflood@sunysb.edu 

Amazon  Fan  aggraded  during  lowstands  of  sea  level  and  switched 
depocentres  during  major  highstands.  Channel  avulsion  occurred  every  3-8 
ky  during  lowstands  and  only  one  distributary  was  active  at  one  time, 
although  some  turbidity  currents  spilled  over  into  abandoned  channels. 
Depositional  rates  on  levees  of  active  channels  reached  25  m/ky  with  a 
tuibidity  current  every  2-8  y.  Thick-bedded  sands  in  units  up  to  25  m  thick 
were  formed  following  avulsions  on  the  middle  fan  and  extend  downfan  to 
form  the  greater  part  of  the  lower  fan.  Coarse-grained  deposits  on  the  lower 
fan,  which  resemble  those  of  many  "sandy  fans",  and  thick  muddy  sequences 
on  the  middle  and  upper  fan  formed  simultaneously.  We  cannot  recognise  a 
“slope  fan"  or  "basin-floor  fan"  at  different  stages  in  the  sea-level  cycle.  The 
lithofacies  characteristics  of  channel,  levee,  and  lobe  deposits  have  been 
defined.  Changes  in  silt  abundance  in  levees  define  fining-up  sequences,  but 
cannot  be  ascribed  solely  to  autocyclic  changes  or  effects  of  sea-level  change 
and  may  in  part  result  from  climatically-controlled  changes  in  Amazon 
discharge.  Major  mass-transport  deposits  were  characterised  lithologically. 


CONTROLS  ON  FAN  ARCHITECTURE  AND  DEPOSITS  BY 
TURBIDITY  CURRENT  INITIATION  PROCESSES 

David  J.W.  Piper 

Bedford  Instimte  of  Oceanography,  Dartmouth,  N.S.,  Canada 
piper@agc.bio.ns.ca 

Deep-sea  fans  are  deposited  from  turbidity  currents  initiated  by  (a)  frequent 
sediment  failure  in  high-sedimentation  rate  environments;  (b)  less  frequent 
failure,  generally  induced  by  earthquakes;  (c)  hyperpycnal  flow  from  medium 
and  small,  bedload  discharge  rivers  and  from  meltwater  at  ice  margins;  (d) 
storm  flushing  of  continental  shelves  and  canyons.  Several  case  smdies  with 
new  data  are  presented  for  these  various  types,  including  a  high-resolution 
deep-towed  boomer  investigation  of  sandy  Hueneme  Fan  and  new  findings 
on  Laurentian  and  Amazon  fans.  Various  architecmral  feamres  can  be 
observationally  and  concepmally  linked  to  different  types  of  initiation 
mechanism.  Highly  asymmetric  levees  and  prominent  sandy  lobes,  implying 
inefficient  sand  transport,  result  from  hyperpycnal  flow.  Evolved  meandering 
systems  result  from  frequent  sediment  failure  and  they  efficiently  transport 
sand  to  the  lower  fan.  Changing  types  of  sediment  source  result  in  complex 
channel  patterns  and  facies  distribution,  most  clearly  seen  on  Laurentian  Fan 
where  initiation  types  (a),  (b)  and  (c)  occur  at  different  times  during  glacial 
cycles.  [K.  Skene,  W.R.  Normark,  R.  Hiscott,  M.  Deptuck  and  the  ODP  Leg 
155  Scientific  Party  contributed  data  and  ideas  to  this  synthesis]. 


DETAILED  MORPHOLOGICAL  ANALYSIS  OF  DEEP-SEA  MEANDERING 
CHANNELS:  EXAMPLE  OF  THE  ZAIRE  (CONGO)  FAN  CHANNEL. 

F.  Riaaul  (1),  L.  Droz  (1),  P.  Cochonat  (2)  and  B.  Savoye  (2) 


CELTIC  DEEP-SEA  FAN  (WESTERN  EUROPE): 
ARCHITECTURE  AND  SEDIMENTARY  EVOLUTION 

L.  Droz  (1),  B.  Savoye  (2),  G.  Auffret  (2)  and  SEDIFAN  Shipboard  Scientific 
Party 

(1)  CNRS  UMR  6538,  UBO,  Brest,  France,  (2)  IFREMER,  Environnements 
Sddimentaires,  Plouzand,  France. 
ldroz®sdt.univ-brest.fr  Fax:  33-2-98-01-66-20 

The  Celtic  Deep-Sea  Fan  deposited  as  a  broad  radial  turbiditio  accumulation 
at  the  base  of  slope  of  the  Celtic  Margin  (Western  Europe).  The  main  feeding 
paths  for  detritio  sedimentation  are  two  canyons  of  the  margin  ;  the  Whittard 
Canyon  to  the  west  and  the  Shamrock  Canyon  to  the  east. 

Morphological  and  geometrical  results  presented  are  based  on  the  analysis 
of  data  collected  during  two  recent  cruises  (SEDIFAN),  including  EM12 
multibeam  swath  bathymetry  and  acoustic  imagery,  high  resolution 
6  channels  air-guns  seismics,  and  very  high  resolution  PASISAR  seismics. 
The  present-day  fan  is  asymmetrical  in  its  upper  part.  It  includes  a  thick 
undulated  western  levee  developped  at  the  mouth  of  Whittard  Canyon  and 
channel,  merging  to  a  symmetrical,  radial  sandy  body  that  shows  several 
successive  shifted  depocenters. 

Seismic  analysis  indicates  that  the  present-day  morphology  does  not  reflect 
ancient  physiography,  and  that  there  has  been  a  drastic  change  in  feeding 
ways,  about  half  of  the  thickness  of  the  turbiditic  accumulation  being  related 
to  sedimentary  input  brought  by  the  Shamrock  Canyon. 


TURBIDITES  OF  THE  WESTERN  GOLFE  DU  LION:  RELATIONSHIPS 
BETWEEN  PYRENEO-LANGUEDOCIAN  AND  RHONE  INPUTS 

L.  Droz  m.  B.  Loubrieu  (2),  S.  Bern6  (2),  P.  Cochonat  (2),  and  CALMAR 
Shipboard  Scientific  Party 

(1)  CNRS  UMR  6538,  UBO,  Brest,  France.  (2)  IFREMER,  Environnements 
S6dimentaires,  Plouzan6,  France. 
ldroz@sdt.univ-brest.fr  Fax:  33-2-98-01-66-20 

Recent  CALMAR  cruise  onboard  the  R/V  1‘Atalante,  surveyed  the 
westernmost  part  of  the  Golfe  du  Lion,  using  EMI  2  multibeam  swath 
bathymetry  and  acoustic  imagery,  3.5  kHz  profiling,  very  high  resolution 
sparker  seismics  (shelf  sector),  high  resolution  6-ohannel  air-gun  seismics 
(slope  and  basin  sectors),  and  piston  and  vibro  oorings. 

The  area  surveyed  extends  from  the  outer  shelf  to  the  basin,  receiving 
sedimentary  inputs  from  various  sources.  Main  sedimentary  input  to  this  part 
of  the  basin  is  the  Petit-Rhone  Canyon  and  related  neochannel  to  the  east, 
canyons  and  intercanyon  areas  to  the  north,  pyreneo-languedocian  canyons 
to  the  west  and  possibly  the  La  Fonera  Canyon  to  the  southwest. 

Sediments  from  this  complex  system  are  imbricated  at  the  base  of  slope. 
Western  canyons,  with  several  successive  courses,  are  grouped  in  a 
converging  system  that  deposited  a  thick  sedimentary  body  affected  by  large 
sediment  waves.  These  turbidite  deposits  are  covered  by  a  broad 
transparent  debris  flow  with  multiple  sources.  The  last  sedimentary  event 
seems  to  be  the  deposition  of  the  neotan  but  precise  relationships  between 
gravity  deposits  have  still  to  be  established. 


A  high-resolution  reconnaissance  seismic  survey  in  the  Bengal  Fan 

C.  Hubscher,  M.  Breitzke,  V.  Spiess 
Department  of  Earth  Sciences,  University  of  Bremen 
chueb@mtu-uni-bremen.de/Fax:  +49-421  -21 871 79 

The  largest  submarine  fan  of  the  world  -  the  Bengal  Fan  -  and  the  connected 
eastern  Bengal  Shelf  were  the  scientific  targets  of  the  RV  Sonne  cruises 
SOI  25/SOI  26  from  October  to  December  1997.  The  dataset  includes  more 
than  8000  km  of  digital  sediment  echosounder  (Parasound)  and  bathymetric 
data  (Hydrosweep)  as  well  as  3500  km  multi-channel  seismic  data.  Since  two 
different  seismic  sources  (Gl-Gun  and  watergun)  with  a  different  frequency 
content  were  triggered  in  an  alternating  mode,  altogether  four  different 
datasets  were  collected.  The  particular  scientific  objectives  were:  (1) 
Sedimentat  transport  from  the  Ganges-Brahmaputra  Delta  across  the  shelf. 
(2)  Seismic  stratigraphy  of  the  Bengal  Shelf.  (3)  General  depositional 
processes  on  the  Bengal  Fan.  (4)  Downfan  development  of  the  modern 
channel-levee  system.  (5)  Sedimentation  history  at  DSDP  Leg  XXII,  Site  218 
in  the  lower  fan.  (6)  Relationship  of  meander  geometry  and  depositional 
terraces  within  the  channels.  (7)  Channel  shifting  and  channel  jumping.  We 
will  present  examples  from  all  datasets  and  first  results. 


(1)  UMR  6538,  UBO,  Brest,  France.  (2)  IFREMER,  Environnements 
S6dimentaires,  Plouzan6,  France. 
frigaut@ifremer.fr  Fax:  33-2-98-22-45-70 

The  Zaire  turbidite  system  is  known  to  be  presently  active  and  fed  by 
turbidity  currents  generated  during  flood  periods  of  the  Zaire  River  and  by 
sand  brought  to  the  canyon  flanks  by  the  northward  flowing  littoral  drift.  This 
turbidite  system  can  be  considered  as  a  modern  analog  for  systems  mainly 
active  during  lowstands  of  sea-level  and  constitutes  an  original  model, 
intermediate  between  the  large  inactive  muddy  fans  and  the  smaller  active 
sandy  fans. 

Most  of  the  Zaire  fan  channels  are  strongly  meandering,  with  morphologies 
showing  analogies  with  both  fluvial  and  other  deep-sea  channels  of  high 
efficiency,  mud-rich  turbidite  systems,  such  as  the  Amazon  Fan, 

Detailed  morphological  analysis  of  the  modem  channel,  realised  from  EM12 
multibeam  swath  bathymetry  data  collected  during  GUINESS  cruises 
(IFREMER/EEP)  over  the  upper  and  middle  fan,  indicates  that  the  modern 
channel  Is  presently  or  has  been  affected  by  erosional  processes  with 
possible  limited  overflow  of  turbidity  currents.  This  erosion  is  responsible  for 
a  basinward  shift  of  physiographic  domains  (upper  and  middle  fan),  reflecting 
a  present-day  prograding  tendency  of  the  entire  turbidite  system. 
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SEISMIC  ARCHITECTURE  OF  A  SMALL  DEEP-SEA  FAN 
(EAST  CORSICA  MARGIN^  WESTERN  MEDITERRANEAN) 

B.  SAVQYE  (1).  M.  GUIOMAR  (2)  and  J.P.  REHAULT  (3) 

(1)  IFREMER,  Geosciences  Marines,  Plouzane,  France, 

(2)  IGAL,  Cergy-Pontoise,  France,  (3)  UBO,  UMR  6538,3rest,  France, 
email:  bsavoye@ifremer.fr/  fax :  (33)-2-98-22-45-70 

Coarse  grained  small  turbiditic  systems  had  received  relatively  Httle  attention  in  the 
literature,  compared  to  large  well-known  muddy  deep-sea  fans.  However  they  have 
a  great  economic  importance  as  petroleum  reservoirs. 

Recent  detailed  bathymetric  maps  combined  with  3.S  kHz  echosounding  profiles 
analysis  allow  to  precisely  outline,  along  the  East  Corsican  margin,  a  series  of 
present  small  fans  of  varying  sizes  (5  km  to  30  km  in  length  and  width),  some  of 
them  coalescing.  At  the  base  of  the  slope,  the  canyons  become  progressively  more 
depositional,  displaying  typical  channel-levee  features.  As  the  channels  become  less 
steep,  they  divide  into  several  lateral  branches  down  to  a  distal  area  where  no  more 
channels  are  visible.  The  3.5  kHz  profiles  across  the  distal  parts  of  the  fans  show 
very  reflective  facies  (no  penetration),  suggesting  overspread  of  sandy  deposits. 
Cycles  of  progradation  and  retrogradation  of  the  suprafans  on  the  slope  are  observed 
and  each  single  fan  body  tend  to  occupy  the  lows  created  by  the  previous  units. 

We  are  able  to  map  in  three-dimensions  the  turbidite  channels,  the  levees  and  the' 
distal  deposits  for  almost  6  successive  turbiditic  systems.  This  work  opens  the  way 
to  a  very  detailed  sedimentological  study  of  such  small  sandy  fans,  dealing  with  the 
processes  of  transport  and  deposition  of  turbidites  and  trying  to  predict  the  sand 
depositional  pattern  in  such  typical  sedimentary  environments. 


TERRESTRIAL  ORGANIC  CARBON  ACCUMULATION  ON  THE 
AMAZON  DEEP  SEA  FAN  DURING  THE  LAST  GLACIAL  SEA 
LEVEL  LOW  STAND 

B.  SchPnz  (1),  R.R.  Schneider  (1)  and  P.J.  M’ller(l) 

(1)  Fachbereich  Geowissenschaf^en,  UniversitSi  Bremen,  Germany 
email:  schluenz@allgeo.uni-bremen.de 

New  piston  cores  recovered  during  R.V.  Meteor  cruise  16-2  detail  modem  areal 
distribution  of  organic  carbon,  carbonate,  stable  organic  carbon  isotopes  and 
depositional  processes  on  the  Amazon  Deep  Sea  Fan.  In  addition  up  to  300  m  long 
cores  recovered  during  ODP  Leg  155  allow  evaluation  of  temporal  variations  of  these 
parameters  onto  the  Amazon  Fan.  Accordingly,  we  herein  present  new  evidence  for 
the  very  rapid  change  of  Fan  depositional  processes  and  organic  carbon  source  at  times 
of  sea  level  change  revealed  all  over  the  Fan.  Our  results  demonstrate  that  organic 
carbon  accumulation  on  the  Amazon  Deep  Sea  Fan  is  controlled  by  glacioeustatic  sea 
level  oscillations.  Authochthonus  marine  organic  matter  dominates  during  interglacial 
sea  level  high  stands  whereas  during  glacial  sea  level  low  stands  terrigenous  organic 
carbon  (terr.OC)  is  channeled  directly  through  the  incised  Amazon  canyon  to  the  Fan. 
Glacial  sediments  of  the  Amazon  Fan  stored  about  73  Gt  terr.OC  in  20.000  years  (or 
0.0037  Gt  terr.OC  per  year  or  5-7%  of  the  nowadays  riverine  organic  carbon 
discharge);  which  is  about  the  same  amount  of  terr.OC  the  Amazon  shelf  stores  today 
(0.003 1  Gt  terr.OC  per  year  or  4  to  6%  of  the  riverine  carbon  discharge). 


SE52  Spontaneous  globally  synchronized 
variations  of  physical  parameters 
(co-sponsored  by  G) 

Convener:  Rokityanski,  I.I. 
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NEOGENE  SEDIMENTATION  HISTORY  OF  THE 
CONGO  FAN 

Gabriele  Uenzelmann-Neben 

Alfred-Wegener-Instiwt  ftir  Polar-  und  Meeresforschung,  uenzel@awi- 
bremerhaven.de.  Fax  +49-471-4831  149. 

High-resolution  seismic  reflection  data  were  interpreted  to  develop  a 
model  for  the  Neogene  sedimentation  in  the  Congo  Fan  area.  Since  it 
was  possible  to  identify  two  reflectors  representing  the  marine  isotope 
stages  6  and  12,  a  distinction  between  the  Early  and  the  Late 
Quaternary  was  made  possible.  We  observe  a  single  sediment  source 
system  during  the  Late  Paleogene/Early  Neogene  gradually  changing 
into  a  two  sediment  source  system  in  the  Late  Neogene.  Since  the  Late 
Quaternary  the  Congo  River  has  been  the  prevailing  sediment  source. 
Additionally,  the  evolving  Benguela  Current  modified  the  system  and 
led  to  a  high  biogenic  productivity. 

Indications  for  a  tectonic  control  of  the  Congo  Canyon  have  been 
found  in  the  distribution  of  sedimentary  units  and  the  unit  thicknesses. 


HOLOODOC  nOU>  BIDK-WAU.  FAN  MXTAS 
»  KOHCSTJOBDIN,  SrmntRGBN 

R  }  WHITTINGTON,  Centre  fbr  Cliiciotogy,  Unlvwiity  of  W»Ie«,  Aberyitwyth,  UK. 
C-F  FORSBERO,  Norak  PoUriutitutt,  Oalo,  Norway. 

J  A  DOWDESWELL.  Centre  for  Cltdology,  Uoivenity  of  Wales,  Aberystvryth.  UK. 

ABSTRACT 

During  the  Holocene  a  Mriei  of  fon  deltas  ware  developed  along  about  S  km  of  a  Qord 
aide  wall  in  KongsQordcn,  Spitsbergen  following  deglaaatioa  of  the  Qord. 
Aeeunuilations  on  the  dehas  were  butireiMd  by  thiust-coatrolled  platforms  in  the 
bedrock  oftba  ^ord  side  sssU  which  allowed  sedimentation  to  build  out  from  tht 
shoulder  of  the  Qord  ind  down  the  steap  side  wall.  During  the  increased  sedimentatioa 
assodited  with  the  glacisr  advances  of  the  Little  Ice  Age  a  m^or  Ibiture  occurred  of 
part  oftba  dahi  system  which  lad  to  slumping  of  sediments  to  the  Qord  floor.  Modem 
•edimentatloo  on  the  individual  delta  flonts  conalsts  of  oonea  of  issalaa  and  rldgat  of 
gravels  and  sands  with  zones  of  creep  tenacing  and  minor  scarps  which  occur  paralld 
to  the  bathymetric  contours  at  the  bi^  of  slope  of  the  fronts.  The  uppermost  parts  of 
the  dclu  fionts  are  much  distuthed  by  iceberg  plough  tutbation.  On  part  of  the  delta 
complex  the  atep  terraces  pass  Into  a  shallow  trench  which  la  continuous  over  about 
1200  m  of  the  deha  front.  The  end  zones  of  the  trench  ezbibit  transtensionel  movement 
towards  the  eentril  zone  wfaicb  shows  evidence  of  developing  down  slope  sediment 
movement  It  is  proposed  that  the  trench  is  the  headwall  breek-awtqr  zone  of  an 
incipient  slide  ftthire.  Catastrophic  foilure  of  this  slide  might  cause  a  giant  wave  and 
seidung  in  this  confined  part  of  the  Qord  whreb  has  the  poterrtia]  ibr  damage  and  loaa 
of  life  in  a  nearby  coomiunity. 


iNVF.STlGATION  ON  THE  F.FFECT  ANOMALOUS  DAILY  DYNAMICS 
OF  LOCAL  OEOPHYSICAL  FIELDS  WITH  THE  AIM  OF  STUDY  OF 
EARTHQUAKE  PUEPAKATION  aNU  KEALIilATION  PROCESSES 
Balassanian.  National  Survey  for  Seismic  Protection  of  the  Republic  of  Armenia, 
Davidashen-Ma.s.siv  4,  375054  Yerevan,  Republic  of  Armenia  Fax:  374  (2)  15-11- 
08  (AT&T)  Tel:  28-28-11  E-mail;  prcsidnl@n5sp.yerphi.am 

In  the  present  work  the  dyn.imic  model  of  geological  medium  Is  coiisidorcd,  whicli 
reflects  the  fundamental  natural  peculiarity  of  the  Earth,  iu  non-closed  nature  i.e. 
its  being  opened  for  coniinnously  acting  exo-  and  endogeneiie  natural  physical 
forces  of  global  scale.  According  to  this  model,  the  geological  medium  consisting 
of  massifs  of  rocks  with  Invariable  in  lime  geophysical  properties  (energy-passive 
zones)  and  of  areas  with  varying  properties  which  vary  in  time  with  external 
physical  eflccls  of  global  scale  (energy-active  zones).  As  the  longest  periods  of 
external  physical  influencac  tronafer  into  rlia  .liuiiesl  onoc,  the  medium  Is  localized 
where  the  geophysical  charactcri.stics  of  rocks  are  changed  from  the  global  scale 
(over  the  wliolc  volume  of  the  Earth)  at  (••lOlS  s  to  the  local  one  which 
corresponds  to  the  Icngilt  of  X-rny  wave  at  t-10-18  s.  Tltercwith,  the  form  of 
geophysical  parameter  alteration  is  various;  from  predominantly  non-rcversible  to 
predominantly  rCYCrsihlf.  The  rtynamici  of  gaophyaieel  prc.i,.it!cs  of  geological 
formaiions,  being  excited  by  external  physical  forces  of  global  scale  and  changing 
jieriodically  within  a  wide,  range  of  lime  I,  initiates  corresponding  dynamics  of  local 
geophysical  fields,  pbscrved  iivrr  them.  It  carries  a  valuable  geological 
informaiion,  in  particular,  on  the  enrlhiiiinl'e  prep»r,tion  and  ruulieaiic,,  piuccsscs 
in  scismically  active  zones. 
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SOME  CHARACTERS  OF  VARIATIONS  OF  THE 
GEOLOGICAL  OBJECTS’  WEIGHT 

I.A.  Eganova 

Sobolev  Institute  of  Mathematics,  Siberian  Division  of  RAS 
gelios@math.nsc.ru/Fax:  +383-235-0652 

In  this  paper  we  consider  variations  of  the  such  fundamental  physical 
property  of  a  real  object  as  its  weight.  We  controlled  usual  behaviour  of  the 
weight  of  each  of  the  18  geological  objects  (crystals,  minerals,  rocks  and 
other)  during  375  days.  As  it  was  shown,  the  time  series  of  the  object's 
weight  is  the  fractal  one.  The  objects  with  the  same  chemical  composition 
proved  to  be  characterized  by  the  identical  values  of  D  —  D  denotes  the 
fractal  dimension  of  the  curve  that  is  given  by  a  sequence  of  observations  of 
the  object’s  weight  —  even  if  the  sequences  described  different  behaviour. 
Using  the  methods  of  the  fractal  geometry  in  the  light  of  the  space-time 
physics  (note,  although  the  fractal  geometry  constructed  as  the  geometry  of 
natural  objects,  it  ignores  the  four-dimensionality  of  the  physical  reality)  we 
determine  the  fractal  dimension  F  of  the  temporal  structure  and  discuss  its 
physical  meaning.  Behaviour  of  the  value  F  as  a  function  of  the  number  of 
observations  can  point  out  the  difference  between  the  temporal  structures  of 
the  such  real  objects  as  the  ‘geological  objects’  and,  for  example,  the  ‘room 
conditions’  (indoor  temperature,  air  pressure,  relative  humidity).  In  the  first 
case  (time  series  describe  dynamics  of  existence  of  the  natural  objects) 
f  — i  1,  in  the  second  case  (such  real  object  is  absent  in  space-time)  F  as  0. 


EIGENFREQUENCY  VARIATIONS  OF  THE  QUARTZ 
GENERATORS  DURING  THE  TOTAL  SOLAR  ECLIPSE 

N.  Klochek  and  M.  Nikonova 

Institute  of  Solar-Terrestrial  Physics,  P.O.Box  4026,  Irkutsk  664033,  Russia, 
klochektiszl . irk . ru 

To  confirm  the  concept  that  nonstability  of  the  eigenfrequencies  of  the  quartz 
autogenerators  has  a  solar  nature  the  experiments  were  carried  out  of  the  mea¬ 
suring  this  nonstability  during  the  total  solar  eclipse  observed  in  March  9, 1997 
over  the  area  of  East  Siberia  in  Russia.  The  measuring  system  was  developed 
involved  four  identical  quartz  autogenerators.  One  of  them  is  operating  as  an 
impulser  and  the  others  are  operating  as  electronic  counting  period  meters. 
These  period  meters  measure  the  variations  of  the  period  of  time  mark  pas¬ 
sages  with  the  accuracy  10'^  forming  the  three  channel  measuring  system.  Each 
channel  of  this  system  has  its  own  ability  to  ’’see”  the  Sun  during  the  day.  Well 
defined  variations  of  the  period  of  time  mark  passages  were  registered  by  one  of 
the  channels  at  certain  phases  of  the  eclipse.  This  is  supposed  to  be  associated 
with  the  peculiarities  of  the  mutual  spatial  orientation  of  the  crystallographic 
axes  of  the  quartz  resonators  of  this  channels. 


THE  W  AVE  EQUATIONS  FOR  OSCILLATOR 
WITH  PLANK’S  CONSTANT  AND  FORCE  QUANTUM 

A.N.ialimon 

Institute  of  Metrology  for  Time  and  Space.  Gosstandart  of  Russia.  Mendeleevo. 
Moscow  Region,  wp  dialup.ptt.m  Fax:(7503)956-91-02. 

The  model  of  oscillator  with  mass  m  in  slowly  rotating  coordinate  sy«em  is 
considered.  The  expression  for  potential  energy  of  oscillator  U  =  mu'.t-/2  is 
symmetric  with  respect  to  angular  frequency  of  rotation  w  and  radius  of  rotation^  x . 
Provided  that  in  case  of  small  w  not  the  mechanical  angular  momentum  mnx-  is 
quantisied.  but  force  mu  -.v.  the  wave  equations  of  mass  motion  are  examined.  The 
spectrum  of  values  of  oscillator  energies  An=id(n*I/2)  is  obtained,  w  here  /  -  has 
the  meaning  of  a  force  quantum,  n  =  0.  1.  2... .  Theoretical  estimate  for  /  is  (lO" 
36  .  10-37)  ,  7|,is  estimate  is  obtained  from  an  observational  cosmology.  The 

presented  model  has  a  methodical  sense  as  it  permits  to  derive  the  Newton’s  laws  of 
classical  mechanics  directly  out  of  quantum  theory.  Moreover  such  an  approach 
allows  to  explain  the  frequency  steps  of  quantum  standards  and  also  irregular 
globally-correlated  variations  of  frequency  quantum  standards. 


THE  SUN  AND  THE  NONSTABILITY  OF  THE 
EIGENFREQUENCIES  OF  THE  QUARTZ  AUTOGENERATORS 

N.  Klochek,  M.  Nikonova  and  L.  Palamarchuk 

Institute  of  Solar-Terrestrial  Physics,  P.O.Box  4026,  Irkutsk  664033,  Russia. 
klochekCiszl . irk . ru 

It  is  known  that  the  nonstability  of  the  eigenfrequencies  of  the  quartz  auto- 
generators  encluded  in  various  radioelectronic  equipment  reveals  the  time  vari¬ 
ations  over  rather  wide  range.  These  variations  exist  in  spite  of  the  fact  that 
quartz  resonators  of  these  autogenerators  ate  thermostatted,  vacuum  treated 
and  shielded  from  external  electromagnetic  fields.  For  the  purpose  of  studying 
the  characteristics  of  these  variations  the  frequency  deviation  of  one  resonator 
is  measured  relative  to  the  other  with  an  accuracy  of  10"“.  The  time  constant 
is  lO^s  and  the  experiment  duration  is  444  days.  The  characteristic  features 
of  these  variations  suggest  their  solar  nature.  The  relative  frequency  variations 
have  the  diurnal  periodicity  with  the  amplitude  determined  by  solar  activity 
level.  It  confirms  these  variations  to  be  affected  by  seasonal  variation  of  the 
Sun’s  declination  and  the  heliographic  latitude  of  the  solar  disk  centre.  The 
variations  have  the  component  that  reveals  the  association  with  solar  activ¬ 
ity  phenomena  and  is  35  days  ahead  of  them.  It  is  likely  to  be  caused  by  the 
processes  at  the  bottom  of  the  convective  zone.  The  sidereal  anisotropy  is  also 
found  in  the  amplitude  of  the  diurnal  variation  coincided  in  direction  with  the 
anisotropy  of  the  space  microwave  background. 


IF, 


OSCILLATOR  VARIATIONS  IN  TIME  AND  SPATIAL  DISPLACEMENT 

L.Kudelva 

Institute  of  Geophysics,  National  Academy  of  Science,  Ukraine,  Kiev, 
tel.  ■t38-044-444-28-44,  E-mail:  root  (g;  igpnanu.  Kiev.ua 

Measured  period  variations  of  atomic  and  piezoelectric  oscillators  are  proportional 
to  spatial  and  daily  variations  of  gravitational  characteristics,  nonmagnetic  body 
action  on  oscillator.  Also  measurements  were  undertaken  on  global  scale  in  the 
regions  of  tectonic  rifts  at  the  Atlantic  Ocean.  There  had  permitted  to  di^em  both 
the  topographical  features  of  the  Ocean  floor  as  well  as  the  fluctuations  in  density 
of  these  features  thereby.  At  spatial  oscillator  circulation,  it  was  found  non-zero 
period  variation  and  its  rela.\ation  time  depending  from  next  density  objects  that 
was  matched  up  to  different  elastisity  properties  of  them.  Proposed  theory  model  is 
based  on  represantation  of  specific  gravity  effect,  i.e.  deformational  interaction  with 
elastic  constant  of  masses  consisting  of  quantum  mechanical  statistical  enmmbles 
of  interacting  microparticls.  including  working  substance  of  sensor  (oscillator), 
w  ith  adiabatic  changing  their  internal  energy  and  oscillator  line  shift,  interaction  of 
said  masses  through  gravity  curvative  -  ’’some  agent  acting  constantly  according  to 
certain  laws”  whereby  ’’gravity  must  be  caused."  (Newton,  Letters^  to  Bentley). 
Gravity  deformational  rotatial  component  with  gravity  dyiramical  Newton 
component  put  together  unified  gravitational  field,  which  is  described  by  system  of 
gravitv  elastic  field  equations  and  is  established  their  connection  with 
electromagnetic  field  equations  according  to  possibility  of  inducing  electric  charge 
by  definite  value  of  gravity  curvature.  This  phenomenon  may  be  used  for 
gravimetric  independent  from  inherent  extraneous  accelaration  measurements  in 
different  applications. 


ON  THE  MAXWELL  APPROACH  TO  GRAVITY 

J.  G.  Klvushin 

Faculty  of  applied  mathematics,  State  University  St.-Petersburg,  Russia. 

Similarity  of  Coulomb  and  Newtonian  gravity  laws  inspired  a  lot  of  scientists 
(and  "fathers  of  electrodynamics"  in  their  number)  for  attempts  to  describe 
gravity  with  the  help  of  Maxwell  equations.  But  all  of  them  came  to  a 
conclusion  that  such  "linear  transfer"  is  Invalid  becahse  it  violates  energy  and 
impulse  conservation  laws.  This  paper  proposed  gravity  field  description  with 
the  help  of  Maxwell  equations  in  which  the  first  tank  derivatives  with  respect 
to  t  is  changed  for  the  second  rank  ones.  Such  a  description  is  coordinated  to 
energy  and  impulse  conservation  laws,  coincides  with  Newtonian  gravity  law 
in  static  case,  predicts  general  relativity  theory  effects:  planets  perihelium  shift, 
red  gravitational  removal  and  ray  deviation  in  the  sun  field. 

In  addition  it  gives  a  uniform  explanation  of  some  facts  which  now  are 
explained  ad  hoc  or  are  not  explained  at  all.  They  are:  Phobos  felling  on  Mars, 
the  differential  rotation  of  the  Sun  and  gasoliquid  planets,  the  proximity  of 
natural  satellites’  orbits  to  equatorial  plane  of  the  central  body,  the  Earth’s 
continental  drift,  the  observed  type  of  atmosphere  and  ocean  currents,  the 
source  of  energy  for  Earth's  magnetic  field,  etc.  The  physical  and 
mathematical  meaning  of  Bor’s  orbits  of  electrons  in  atoms,  the  dynamics  of 
the  solar  systems  development  becomes  more  clear.  One  can  surely  assert  that 
the  field  we  now  call  nuclear  is  gravidynamical. 
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GEOPHYSICAL  MANIFESTATION 
OF  INTERACTION  OF  THE  PROCESSES 
THROUGH  THE  ACTIVE  PROPERTIES  OF  TIME 

S.M.Korotaev.  V.O.Sndyuk,  M.O.Sorokin  and  J.M.AbnBOT 
GeoelectroraagneUc  Research  Institute,  Box  30,  Troitsk,  Moscow 
Region,  142092,  Russia,  slmeyei@geo.igenii.tiOltsk.ru 

The  experiment  on  verification  of  existence  ol  new  type  of  physical 
interaction  suggested  by  N.A.Ko^rev  was  performed.  The 
experimental  setup  included  two  types  of  detectors  measuring  the 
self-potentials  <d  the  electrodes  in  marine  water  and  the  dark 
current  of  the  photomultiplier.  Both  detectors  were  protected  of 
known  sources  of  classical  effects.  Natural  time  variation  potentials 
and  dark  currents  were  recorded  in  period  randge  1  minute  -  1 
year.  Number  of  new  effects  was  discovered:  oorrelation 
potentiak  with  dark  current  and  potential  on  another  distant 
setup;  advanced  reaction  of  the  potentials  on  the  Earth  magnetic 
field;  nonlocal  reaction  of  the  potentials  on  enviromental 
temperature  with  retarded,  instantaneous  and  advanced  lag; 
relation  of  potentials  with  sudden  ionospheric  disturbances. 
Interpretation  of  this  effects  on  the  base  of  developed  Kozyrev's 
idea  on  the  active  properties  of  time  is  rather  succesful. 


A  FORCE  PRODUCED  ON  STATIC  ELECTRIC 
CHARGE  BY  CURRENT  IN  NEUTRAL  CONDUCTOR 

J.G  KIvushin 

Faculty  of  appilied  mathematics,  State  University  St.-Petersburg, 
Russia 

This  experiment  is  one  ofthe  experiments  produced  by  scientists  in 
different  countries  which  show  existence  of  nonclassical  electrody  - 
namical  forces.  It  took  place  in  St.-Petersburg  State  University  and 
showed  that  current  in  neutral  conductor  produced  force  on  static 
electric  charge.This  fact  is  not  forcasted  by  modem  electrodynamics. 
The  report  shows  that  appearing  of  such  a  force  is  forcasted  by 
generalized  Lorentz  formula  and  generalized  Maxwell  equations  pro  - 
posed  by  the  author. 


Forces  originating  ocean  flows 

J.G  KIvushin 

Faculty  of  applied  mathematics,  State  University  St  -  Petersburg, 
Russia. 

Earth  magnetism, ocean  and  atmosphere  flows.continental  drieft 
become  object  of  thorough  investigation  . 

Now  a  day  scientists  accurately  know  energy  and  mass  currents.velo 
cities  of  flows, ostilations  of  hundreds  of  parameters.One  knows  every 
thing  except  the  reason  why  these  processes  are  such  and  not  the 
others, where  the  energy  source  for  them  is  . 

A  mathematical  model  is  proposed  which  explains  these  phenomena 
with  gravimagnetic  field  similar  to  that  in  electromagnetic  theory . 

The  picture  of  ocean  currents  is  researched  in  detail. Good  conformity 
betweentheory  and  observed  ocean  currents  is  shown. 


ON  THE  FORCES  BETWEEN  TWO  MOVING  ELECTRIC 
CHARGES 

J.  G.  KIvushin 

Faculty  of  applied  mathematics.  State  University  St.-Petersburg,  Russia. 

Electrodynamics  are  considered  to  be  a  beautiful  specimen  for  other  sections 
of  physics.  But  two  points  in  it  look  unsatisfactory: 

1.  electrodynamical  forces  do  not  satisfy  the  third  Newtonian  law, 

2.  some  experiments  produced  by  scientists  in  Russia,  USA,  Austria  and 
other  countries  show  existence  of  electrodynamical  forces  which  are  not 
described  by  modem  electrodynamics. 

Generalized  formulas  for  Lorentz  force  and  Maxwell  equations  are 
proposed.  These  formulas  satisfy  the  third  Newtonian  law,  predict  classical 
forces  for  classical  cases  and  some  nonclassical  forces  (in  their  number  all 
the  forces  appearing  in  experiments  known  to  the  author).  They  also  predict 
appearing  forces  of  the  third  rank  smallness  with  respect  to  li^t  velocity  c 
which  apparently  are  manifested  in  electro-weak  interaction. 


SOME  ANOMALIES  ON  THE  EARTH  IN  THE  TIME  OF 
JOVIAN  CATASTROPHE 

M.M.  Lavrent'ev  (1)  and  I. A.  Eganova  (1) 

(1)  Sobolev  Institute  of  Mathematics,  Siberian  Division  of  RAS 
geliosSmath. nsc.ru/Fax:  +383-235-0652 

It  was  a  fact  well  known  that  over  20  fragments  of  comet  Shoemaker-Levy  9 
would  collide  with  Jupiter  during  the  certain  period  of  July  1994.  Geocentric 
distance  of  that  planet  and  the  accuracy  of  the  impact  time  data  allowed  us 
to  realize  an  experiment,  which  was  originally  planned  by  way  ofthe 
observations  of  a  possible  communication  between  some  events  on  Earth  and 
the  events  of  that  catastrophe  on  Jupiter.  We  suggest  to  compare  two 
independent  sets  of  data:  the  moments  when  we  registered  the  beginning  of 
the  specific  anomalies  in  the  usual  matter  state  dynamics  of  several  different 
systems  simultaneously  and  the  moments  of  the  corresponding  accepted 
impact  time.  We  used  two  different  types  of  indicators  for  the  estimation  of 
speed  of  the  expected  communication  and  two  different  systems  for  the 
estimation  of  a  system  state  change.  Our  observations  demonstrated  that  the 
light  signal  was  43  minutes  late  than  the  indicators’  reaction  (fragments  A,  F, 
M,  N,  Q2,  Ql)  and  the  systems  discovered  the  expected  out-of-the-way 
action:  their  total  state  change  was  the  unusually  prolonged  (till  the  21th  of 
October  1994  and  till  now,  respectively)  irreversible  one.  We  consider  these 
observations  in  the  light  of  the  possible  communication  through  the  temporal 
channel  of  space-time. 


PHYSICAL  ANOMALIES  CONNECTED  WITH  THE  SUN 

M.M.  Lavrent’ev  (1)  and  I. .4.  Eganova  (1) 

(1)  Sobolev  Institute  of  Mathematics,  Siberian  Division  of  R.4S 
geiios@math. nsc.ru/Fax:  +383-235-0652 

In  this  paper  we  consider  the  results  of  scanning  of  the  Sun’s  daily  parallel  in 
the  neighbourhood  of  the  solar  disk  (from  IS'”  ahead  it  to  16”'  behind  it 
along  right  ascension)  with  sensors  of  various  nature  (some  metal-film 
resistor,  E.  co/j  cells,  some  minerals)  by  Kozyrev’s  method.  These  sensors 
have  shown  that  there  are  two  pronounced  anomalies:  at  S’”  and  16'” 
(accurate  up  to  1"*)  ahead  of  the  solar  disk.  The  anomaly  corresponding  to 
the  apparent  Sun  is  weak  and  irregular,  and  as  a  rule  is  not  observed  in  the 
case  of  a  sensor  of  biological  nature.  Experimental  research  has  revealed  that 
a  live  system  experiences  an  intensive  many-sided  superactivating  influence 
not  from  the  apparent  Sun,  but  from  the  region  at  S'”  ahead  it.  The  size  of 
that  region  along  right  ascension  and  along  declination  had  corresponded  to 
the  solar  one.  Taking  into  account  many  specific  properties  of  this  physical 
phenomenon  and  also  the  physical  meaning  of  the  corresponding  points  on 
stars’  daily  parallels,  from  which  the  sensor  experiences  the  corresponding 
influence  when  we  study  a  star  s  daily  parallel  by  Kozyrev’s  method,  we 
discuss  the  meaning  of  Sun’s  daily  parallel  as  Sun's  world  line  if  we  consider 
the  terrain  observer's  celestial  sphere  as  his  World  of  events  (space-time).  We 
give  the  physical  interpretation  of  these  anomalies  as  an  appearance  of  the 
physical  reality  of  the  terrain  observer’s  World  of  events. 
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THE  WAVE  EQUATIONS  FOR  OSCILLATOR 
WITH  PLANCK’S  CONSTANT  AND  FORCE  QUANTUM 

A.KMaliraon 

Institute  of  Metrology  for  Time  and  Space,  Gosstandart  of  Russia,  Mendeleevo, 
Moscow  Region,  wp@dialup.ptt.ru  Fax;  (7503)956-91-02. 


SENSORS  AND  SOURCES  OF  SPONTANEOUS  VARIATIONS 
(SV)  OF  PHYSICAL  PARAMETERS 

l.I.Rokityansky, 

Institute  of  Geophysics,  POB-338/7,  Kiev- 146,  Ukr^na. 
Tel:+38-044-474-32Sl.  E-mail:  root@igpnanu.kiev.ua 


The  model  of  oscillator  with  mass  m  in  slowly  rotating  coordinate  system  is 
considered.  The  expression  for  potential  energy  of  oscillator  U  =  mv^x‘/2  is 
symmetric  with  respect  to  angular  frequency  of  rotation  w  and  radius  of  rotation  * . 
Provided  that  in  case  of  small  w  not  the  mechanical  angular  momentum  mwx^  is 
quantisied,  but  force  mw’x,  the  wave  equations  of  mass  motion  are  examined.  The 
spectrum  of  values  of  oscillator  energies  E„=Hx(n+l/2)  is  obtained,  where  H  -  has 
the  meaning  of  a  force  quantum,  n  =  0,  1,  2„.  .  Theoretical  estimate  for  H  is 
(ICr^  -  N .  This  estimate  is  obtained  from  an  observational  cosmology.  The 
presented  model  has  a  methodical  sense  as  it  permits  to  derive  the  Newton’s  laws 
of  classical  mechanics  directly  out  of  quantum  theory.  Moreover  such  an  approach 
allows  to  explain  the  frequency  steps  of  quantum  standards  and  also  irregular 
globally-correlated  variations  of  frequency  quantum  standards. 


HISTOGRAM  FORM  RECOGNITION:  ALGORITHMS  AND  SOFTWARE 
E.V.Pozharski 

Institute  of  Theoretical  and  Experimental  Biophysics  of  RAS 
Email:  edwin@mf.iteb.serpukhov.su/Fax:  +7(0967)790553 

The  macroscopic  fluctuations  investigations  (S.E.Shnoll  et  al.,  Russian  Chemical 
Journal,  V.41,  No.3, 30-36, 1997)  include  in  its  core  the  procedure  of  histogram  forms 
comparison.  The  software  for  such  a  comparison  based  on  expert  evaluation  of 
similarity  was  developed.  It  is  very  important  to  develop  the  algorithm  of  histogram 
forms  comparison  for  automatic  analysis  of  macroscopic  fluctuations  in  time  series. 
The  approaches  based  on  correlation  analysis,  neural  nets  and  fuzzy  logic  are 
discussed  in  this  work. 


RELUBILITY  OF  THE  "NEUTRINO-GRAVITY  CORRELATION  "  EF¬ 
FECT  DURING  OF  THE  SN1987A  EXPLOSION:  A  STATISTICAL 
MIRACLE  OR  PHYSICAL  REALITY? 

V.N. Rudenko 

Steraberu  Astronomical  Institute.  Universitetskii  prospect  13, 

Moscow.  1 19899  Russia.  E-mail:  <rvn@sai.msu.su> 

A  netiirino-gravity  conelation  effect  was  reported  in  the  series  papers  b>  the 
Roma-Torino-Men  land  collaboration.  The  effect  consists  in  fixation  of  a  remark¬ 
able  conelation  between  the  unified  noise  background  of  the  room  temperature  ^ 
gravitational  detectors  in  Roma  and  Maiyland  and  a  neutrino  background  regis¬ 
tered  b>  the  .Moniblanc  neutrino  telescop  as  well  as  others  (Kamiokande,  MIB) 
during  of  the  SN19S7A  explosion.  An  immediate  interpretation  of  the  effect  as  a 
result  of  the  gravitatioiwl  and  neutrino  flaxes  from  a  collapsing  star  have  met  seri¬ 
ous  objections  from  the  point  of  view  a  required  energy  of  gravitational  pulses. 
Several  other  investigations  were  carried  out  in  attempts  to  clarify  a  nature  of  the 
effect  considered  as  some  global  affectation.  In  that  number  a  searching  of  a  cor¬ 
relation  with  other  elementary  partical  backgrounds,  with  seismic  noise  back¬ 
ground  etc.  In  this  talk  we  propose  a  methodics  of  data  analysis  which  was  based 
on  a  general  approach  of  the  theory  of  optimal  fijtration.  We  apply  this  methodics 
to  the  real  data  collected  by  RTM  group  during  of  SN1987A  and  we  find  a  cor¬ 
rect  estimation  of  reliability  of  the  "correlation  effect".  We  also  give  some  argu¬ 
mentation  in  discussion  of  a  possible  nature  of  the  effect. 


Parameters,  whose  variations  were  observed,  are:  eigenfrequency  of 
torsion  pendulum,  quartz  and  atomic  time  standards,  resistivity  of 
resistors,  volume  of  mercury  in  thermometers,  dark  current  of 
photomultipliers,  velocity  of  phase  transitions,  chemical  reactions, 
radioactive  decay,  relaxation  time,  electrophoretic  mobility  and  so  on. 
All  this  systems  may  be  considered  as  sensors  of  SV.  Futhermore  we 
can  suppose  that  any  parameter  varies  at  its  inherent  level  and 
variations  become  observable  when  measurements  are  sufBciently 
sensitive  and  all  the  trivial  influences  are  minimized.  SV  spectrum  is 
near  to  1/f  and  we  may  suppose  that  SV  are  a  component  of  flicker- 
noise.  The  observed  SV  effects  of  solar  activity  and  eclipses  shows  that 
the  Sun  is  the  strongest  source  of  SV.  Other  sources  are  geodynamic, 
atmospheric,  hydrologic,  biospheric  processes  that  open  a  new 
informational  channel  for  their  study  and  forecast. 


PHENOMENON  OF  SPONTANEOUS  GLOBALLY  SYNCHRO¬ 
NIZED  VARIATIONS  OF  PHYSICAL  PARAMETERS  (SV) 

l.I.Rokityansky,  Institute  of  Geophysics,  POB-338/7,  Kiev- 146, 
Ukraina,  E-mail:  root@igpnanu.kiev.ua 

The  physical  parameters  of  a  system  are  dependent  on  external  condi¬ 
tions;  temperature,  pressure,  EM-radiation  etc.  If  all  the  known  condi¬ 
tions  are  stabilized  we  expect  stability  of  the  parameters.  Nevertheless, 
the  variations  occur.  They  correlate  for  measurements  in  rather  distant 
locations,  correlate  with  solar  activity  and  apparently  with  cosmic  and 
terrestrial  events.  It  means  that  SV  are  not  tmly  spontaneous  but  mther 
quasi-spontaneous,  as  they  are  induced  by  some  external  influence  of 
unknown  nature.  What  may  it  be?  1.  Some  difficulty  controlled 
particles  like  neutrino,  mu-mesons  etc.  2.  Hypothetic  variations  of 
space-time  curvature  or  torsion.  3.  Stream  of  negentropy. 
N.A.Kozyrev  (1908-1983,  2  Sept  1998  is  his  90  anniversary)  gave  evi¬ 
dence  that  if  in  a  system  entropy  rises  and  organization  decreases,  the 
latter  one  does  not  disappear  but  eradiates  and  carries  away  as  stream 
of  negentropy  ("stream  of  time"  in  Kozyrev's  terminology),  to  be  trans¬ 
ferred  to  some  other  system(s)  and  give  rise  to  organization  growth 
which  varies  the  parameters  of  objects  therein. 


RESULTS  OF  OBSERVATION  OF  EXTRAGALACTIC  OBJECTS. 

A  .G  Shlienov 

Krylov  ship  building  institute,  St.-  Petersburg,  Russia 

Statisticai  caicuiation  of  extragaiactic  objects  observations  shows  that 

1.  Objects'density  (lows  are  seems  S  =  Sr  +  Sz  ,  where  SI  is  flux 
densities  of  synchrotron  radiation,  Sz  is  flux  densKy  of  thermal 
radiation. 

2.  The  first  ones  dominate  in  quasars,  BL  Lac  objects  and 
radiosources.  Si  is  inversely  proportional  to  distance  r,  obsen/able 
number  of  objects  N1  is  proportional  to  r  2 

3. the  second  ones  dominate  in  galaxies  groups  and  clusters  of 
galaxes.  S  z  is  inversaly  proportional  to  r  z,  N  z  is  proportional  to  r  3 

4.  The  objects  distances  are  proportional  to  In  (I  +  z),  where  z  is 
redshift ,  i.e.  Hublle's  law  is  defined  by  photons'growing  old  and  met 
by  Universe  expansion  . 

S  Angular  diametrs  of  similar  type  objects  are  inversaly  proportional  to 
the  distance. 
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ON  THE  DISCRETENESS  OF  DIFFERENT  PROCESSES  TIME  SERIES 
MEASUREMENTS  WHICH  RESULTS  FROM  COSMOPHYSICAL  SOURCES 

S. E.Shnoll  (1,2),  E.V.Pozharski  (1),  V.A.Kolombel  (1),  I.M.Zvereva  (2), 

T. A.Zenchenko  (1),  A.A.Konradov  (3) 

(1)  Institute  of  Theoretical  and  Experimental  Biophysics  of  RAS, 

(2)  Moscow  State  University, 

(3)  Institute  of  Biochemical  Physics  of  RAS. 

Email;  shnoU®mf.iteb.serpukhov.su/Fax:  +7(0967)790553 

The  biochemical  and  chemical  kinetics ,  the  electrophoretic  mobility  of  cells  and 
particles,  water  protons  cross-relaxation  time,  neon  lamp  discharge  time,  earth 
core  vibrations  and  the  intensity  of  radioactive  decay  of  different  Botopes  were 
measured  by  suitable  methods.  As  a  result  of  long-term  measurements  (during 
195.5-1997)  of  fluctuation  distributions  the  existence  of  universal  cosmophysical 
"force"  wa  proved.  This  force  determines  at  each  time  moment  the  current 
spectrum  of  discrete  characteristics  of  different  nature  processes  (the  form  of 
ajjpropriate  histograms).  Performing  measurements  at  different  locations  (in 
Pushchino,  Moscow,  Leiringrad,  Tomsk,  on  the  coast  of  White  Sea,  aboard  in 
Pacific  and  Indian  oceans)  it  was  shown  that  the  form  of  appropriate  histograms 
changes  there  simultaneously.  The  "lifetime"  and  the  periodicily  of  the  given 
form  appearance  exist  =96  m  the  scries  of  subsequent  histograms  the  given 
histogram  is  the  most  probably  similar  to  the  nearest  neighbors  and  repeats  after 
24  hours,  27  days  and  about  365  days.  The  appropriate  changes  of  histogram 
forms  in  time  and  their  similarity  m  the  measurements  of  different  nature 
processes  and  at  different  geographical  locations  are  the  evidence  of  the  existence 
of  common  cosmophysical  (cosmogonic)  source  of  the  discussed  phenomena. 


ON  THE  SIMILARITY  OF  HISTOGRAMS  FINE  STRUCTURE  FOR 
SYNCHRONIZED  TIME  SERIES  OF  DIFFERENT  NATURE  PROCESSES  AT 
DIFFERENT  LOCATIONS 

S.E.Shnoll  (1,2),  L.P.Agulova  (3),  V.A.Kolombet  (1),  A.N.Zaikin  (1), 

E.V.Pozharski  (1),  T.A.Zenchenko  (1),  A.A.Konradov  (4). 

(1)  Institute  of  Theoretical  and  Experimental  Biophysics  of  RAS.  (2) 

Moscow  State  University,  (3)  Tomsk  Cardiological  Center,  (4)  Institute 
of  Biochemical  Physics  ofRAS. 

Emaii:  shnoll@mf.iteb.serpukhov.su/Fax:  +7(0967)790553 

The  discrete  distributions  of  measured  values  could  be  obuined  for  time  series  of 
different  processes  ("macroscopic  fluctuations").  The  fine  structure  of  distributions 
(the  shape  of  appropriate  histograms)  turns  to  be  similar  with  high  probability  for 
different  nature  processes,  sampied  by  appropriate  methods  at  different  locations. 
These  conclusions  result  from  histogram  form  comparison:  -  chemical  reaction 
(Pushchino,  120  km  from  Moscow)  vs  BZ-reaction  (Tomsk);  -  chemical  reaction 
(Pushchino)  vs  tritium  beta-activity  (St.Petersburg);  -  plutonium  alpha-activity 
(Moscow)  vs  carbonium  beta-activi^  (Pushchino);  -  earth  core  vibrations  (Tbilisi, 
Georgia)  vs  plutonium  aipha  activity  (Pushchino);  -  piutonium  alpha-activity  in 
Pushchino  vs  aboard  in  Pacific  and  Indian  oceans;  -  plutonium  alpha-activity  in 
Pushchino  vs  on  the  coast  of  White  Sea;  -  carbonium  beta-activity  vs  water  proton 
cros.s-relaxation  time  (Moscow).  In  aii  cases  histograms  are  similar  with  higher 
probability  at  the  same  absolute  time  moment.  These  results  support  the  idea  of  global 
source  of  observed  phenomenon. 


A  NEW  CLASS  OF  PHENOMENA  IN  NATURAL  PROCESSES  AND 
TECHNOLOGIES 

A .  P  Smirnov 

Institute  of  Perspective  Medicine,  St.-Petersburg ,  Russia 

Results  of  experimental  and  theoretical  studies  of  real  different  type 
interaction  in  various  natural  phenomena  (  phase  transitions,  photoeffect , 
chemical  and  nuclear  reaction  rates,  ore  buiiding, processes  in  plants  as  well 
as  bacterias  etc.  )  are  represented.  Universal  mathematical  discription  in  a 
simple  algebraic  form  of  evolution  of  real  systems  with  changing  external 
conditions  is  obtained.Principles  and  laws  of  classical  dynamics  are 
sufficient  to  understand  and  to  discribe  systems  reactions  upon  the  field 
influences. 

.  Some  erroneous  notions  and  delulusions  existing  in  modern  physics  and 
being  connected  with  incorrect  translation  from  Latin  and  interpretation  of 
classicai  heritage  are  mentioned.  A  quantum  dynamical  approach  for 
analyses  of  phenomena  is  represented.  A  solution  for  dynamical  aspect  of 
the  multi-body  probiem  is  given  .The  mechanisms  of  selecting  interaction 
ensuring  processes  of  organization,  selforganization  and  energy  inversion 
in  naturai  systems  and  technologies  aredeveloped.The  suggested  approach 
allows  to  understandfrom  a  unified  point  of  view  a  wide  range  of  phenomena 
related  to  the  “fifth  force',  may  stimulate  future  research  in 
physics,geophysics,astronomy  etc. 


STUDY  OF  THE  TEMPORAL  VARIATION  OF  THE  GRAVITA¬ 
TIONAL  CONSTANT 

P. Varga  (Geodetic  and  Geophysical  Research  Institute  of  Hung. 
Acad,  of  Sci.,  Sopron,  POB  5,H-9401,  e-mail:varga®ggki.hu,Fax: 
-h36-99  -  313  267 

The  value  of  the  gravitational  constant  is  known  with  less  accuracy 
than  other  fundamental  constants  of  physics.  Authors  of  the  best  G 
value  determinations  claim  to  their  experimental  results  an  accuracy 
of  10"^.  A  simple  comparison  of  the  gravitational  constant  values 
obtained  by  different  researchers  shows  however  that  the  disagree¬ 
ment  between  the  individual  results  is  of  the  order  of  10"®.  An  other 
problem  connected  to  the  gravitational  constant  G  is  its  temporal 
variation  as  supposed  by  many  authors.  This  follows  from  Dirac’s 
expanding  Universe  model  proposed  in  1937  what  leads  to  decreas¬ 
ing  constant  of  gravitation  and  to  the  geohysicai  theory  of  expanding 
earth.  Our  study  based  on  the  tidai  friction  history  during  the  last 
2.5  billion  years  with  the  use  of  the  law  of  conservation  of  the  angu¬ 
lar  momentum  shows  that  during  the  half  span  of  life  of  our  planet 
dGjdt  >  0  what  is  in  contradiction  with  Dirac’s  theory  as  well  as 
with  the  theory  of  the  expanding  Earth. 


ON  THE  SYNCHRONIZED  CHANGES  OF  HISTOGRAMS  FINE 
STRUCTURE  FOR  TIME  SERIES  OF  RADIUM  FAMILY  ISOTOPES 
ACTIVITY 

I.M.Zvereva  (I),  T.A.Zenehenko  (2),  E.V.Pozharski  (2),  S.E.Shnoll  (1,2). 

(1)  Moseow  State  University,  (2)  Institute  of  Theoretieal  and 
Experimental  Biophysics  ofRAS. 

Email:  Zenchenko@mf.iteb.setpukhov.sufFax:  +7(0967)790553 

The  investigated  in  our  laboratory  effect  of  macroscopic  fluctuations  points  to  the 
existence  of  "global  force"  determining  the  fine  structure  of  measurement  values 
distribution  at  different  processes  (S.E.Shnoll  et  al.,  Russian  Chemical  Journal,  v.41, 
No.3.  30-J6, 1997).  The  radioactive  decay  is  the  most  convenient  way  to  investigate 
this  "force"  because  of  its  low  sensitivity  to  the  environmental  influences.  In  this  work 
time  series  of  activity  of  radium  family  isotopes  equilibrated  in  the  same  sample  were 
analyzed  in  detail.  The  simultaneous  meauserements  of  different  isotopes  activity  were 
made  by  one  semiconductor  detector  and  multichannel  analyzer  since  the  energy  of 
radiation  differs  for  different  isotopes.  It  was  shawn  that  the  fine  structure  of 
measurements  distribution  for  different  isotopes  is  similar  with  higher  probability 
when  measurements  are  synhronized. 
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OA17  Climate  variability:  models  and 
observations  (co-sponsored  by  SE)  Overview 
session 

Convener:  Komen,  GJ. 


CLIMATE  VARIABILITY  DEDUCED  FROM  THE  MODERN 
AND  PALEOCLIMATIC  RECORDS 

J.  C.  DUPLESSY 

Centre  des  Faibles  Radioactivites,  Laboratoire  mixte  CNRS-CEA.  Parc  du  CNRS. 

F-9 1 198  Gif  sur  Yvette  cedex.  FRANCE 

CLIVAR  and  EUROCLIVAR  diagnostic  studies  will  rely  upon 
existing  records  of  instrumental  data  and  proxy-data  derived  from 
paleoclimatic  indicators.  As  the  instrumental  record  is  short  and 
documents  only  a  few  examples  of  climatic  events  with  interdecadal 
time  scales,  diagnostic  studies  of  climate  variability  will  rely,  in  a 
fundamental  way,  upon  paleoclimatic  proxy-data.  The  seasonal  to 
centennial  variability  of  the  climate  system  can  be  deduced  by 
annually-laminated  sediments,  corals  which  grow  at  rates  of 
millimeters  per  year  and  produce  annual  growth  bands,  tree  rings 
which  develop  in  areas  of  large  seasonality,  and  ice  records  of  8  O,  8 
D  and  conductivity.  The  decadal  to  centennial  variability  of  the 
climate  system  is  recorded  in  polar  and  tropical  ice  cores,  in  loess 
sediments  and  in  specific  areas  of  the  world  ocean  characterized  by 
extremely  high  accumulation  rates.  A  strategy  was  established  by  the 
EUROCLIVAR  scientific  committee  to  make  the  best  use  of  available 
data,  to  generate  additional  data  from  meteorological  observations 
(both  in  the  atmosphere  and  the  ocean)  and  proxy-data,  and  to 
assimilate  these  data  in  climate  models. 


CLIMATE  CHANGE  PREDICTION  AND  DETECTION  USING 
COUPLED  CLIMATE  MODELS  WITHIN  EUROPE 

T.  C.  Johns 

Hadley  Centre,  Meteorological  Office,  London  Rd.,  Bracknell,  Berks,, UK.  RG12 
2SY. 

Anthropogenic  climate  change  studies  within  Europe  using  comprehensive  cou¬ 
pled  climate  models  have  made  significant  advances  in  recent  years.  Recent 
improvements  in  models,  advances  in  modelling  studies,  and  some  outstanding 
modelling  issues  are  discussed,  illustrated  with  recent  results  froth  Hadley  Cen¬ 
tre  and  other  European  models.  Established  modelling  centres  (eg.  UK  Hadley 
Centre,  DKRZ  Hamburg)  have  built  on  experience  from  earlier  coupled  models 
to  develop  new  models  with  higher  resolution,  better  simulations  of  present- 
day  observed  climate,  and  allowing  improved  representation  of  anthropogenic 
forcings,  kt  the  same  time,  natural  and  anthropogenic  climate  forcing  factors 
other  than  just  greenhouse  gases  (eg.  anthropogenic  sulphate  aerosols,  varia¬ 
tions  in  solar  output,  and  past  volcanic  eruptions)  ate  increasingly  recognised 
as  important  to  include  in  climate  change  detection  and  attribution  studies. 
Uncertainties  inherent  in  the  chain  between  assumptions  about  anthropogenic 
emissions  and  corresponding  conclusions  from  climate  models  about  global  and 
regional  climate  changes  mean  that  present  diversity  in  modelling  approaches 
is  healthy,  model  intercomparison  studies  adding  value  to  conclusions  from  any 
single  model.  Improving  representations  of  clouds  and  eliminating  artificial  flux 
adjustments  are  two  related  focuses  for  model  improvement.  Model  predictions 
are  vital  tools  for  the  detection  and  attribution  of  climate  change.  Findings 
from  a  recent  Euroclivar  workshop  on  this  topic  will  be  summarised. 


EUROPEAN  AND  ATLA.NTIC  CLIMATE  VARI.4BILITY 

Mojib  Latif  (Max-Planck-Institut  fuer  Meteorologie.  Hamburg.  Germany) 

Natural  climate  variability  in  the  extratropics  occurs  on  all  time  scales,  from 
interannual  to  centennial,  and  beyond.  These  variations,  typical  for  the  variability  of 
European  climate,  are  influenced  by  the  oceans.  They  affect  mean  conditions  but  also 
the  occurrence  of  extremes.  Understanding  and  -  if  possible  -  prediction  of  these 
variations  is  important,  also  for  the  detection  of  anthropogenic  climate  change. 

It  is  recommended  that  Europe  develop  a  major  modelling  and  observation  programme 
to  improve  understanding  of  the  role  of  the  Atlantic  Ocean  in  climate.  This  requires 
improved  observation  and  understanding  of  the  modes  of  climate  variability  in  the 
Atlantic  region  and  an  assessment  of  the  degree  to  which  these  are  predictable.  The 
required  concerted  effort  in  ocean  observation,  improvement  in  atmospheric  analyses 
and  palaeo  reconstmetions,  coordinated  modelling  and  process  studies  will  be 
outlined. 


SCALE  INTERACTIONS  AND  GLOBAL  TELECONNECTION  PATTERNS. 

t  M  qiim-o  (Centre  for  Global  Aunosphcric  Modelling  (CGAM).  Department  of 
Meteorology,  University  of  Reading.  Reading.  UK) 

The  climate  in  a  region  ean  be  considered  to  be  the  ensemble  of  the  weather  systems 
that  affect  that  region  The  behaviour  of  these  weather  systems  may  be  modulated  on 
a  range  of  timescales  often  associated  with  the  lower  frequency  variability  of  the 
oceans.  In  turn,  these  weather  systems  themselves  may  influence  that  low  frequency 
variability.  In  the  tropics  there  is  increasing  evidence  that  scale  interactions  involving 
atntospheric  intraseasonal  variability,  particularly  associated  with  the  Madden-Julian 
Oscillation  and  Westerly  Wind  Bursts,  may  affect  the  development  of  El  Nino.  The 
impact  of  El  Nino  on  the  climate  is  profound  due  to  teleconnection  patterns  which 
extend  over  the  entire  globe.  These  teleconncctions  arc  recognized  as  major  modes  of 
climate  variability. 

During  the  early  months  of  1997  the  tropical  Pacific  Ocean  underwent  a  dramatic 
u-jnsition  from  La  Niiia  conditions  in  December  1996  to  a  major  El  Niiio  by  June 
1997.  The  evolution  of  this  event  and  its  impact  on  global  weather  will  be  used  to 
illustrate  the  importance  of  scale  interactions  and  global  teleconncctions  as  future 
priorities  for  research  within  Europe. 


CLIMATE  MODELS:  CURRENT  UNCERTAINTIES  AND  FUTURE 
PROSPECTS 

H.  Le  Treut  (Laboratoire  de  Meteorologie  Dynamique  du  CNRS,  Paris.  France) 

Numerical  Models  constitute  an  essential  tool  of  our  discipline,  necessary  both  to 
understand  the  complexity  of  the  natural  fluctuations  of  climate  and  to  predict  its 
future  evolutions,  at  any  lime  scale.  Their  performance  ,  resolution,  complexity  has 
been  steadily  increasing  over  the  last  decades.  Most  centers  now  run  coupled 
ocean/atmosphere  models,  and  the  inclusion  of  chemical  or  biochemical  models  in 
both  th  ocean  or  the  atmosphere  is  in  progress.  Yet  the  basic  uncertainty  attached  to 
future  climate  predictions  (in  response  to  the  anthropogenic  greenhouse  effect  for 
example)  has  not  been  diminished.  By  many  respects  the  results  of  models  designed 
independently  is  our  only  measure  of  this  uncertainty.  At  the  same  time  the  large 
number  of  models  may  be  felt  as  some  uncessary  waste  of  energy  by  the  scientific 
community  if  it  is  not  used  in  some  consistent  way.  The  presentation  will  review  some 
of  the  inlrisic  difficulties  with  which  modellers  are  being  faced  and  will  take  the 
example  of  cloud  feedbacks  to  illustrate  the  possible  benefits  of  common  model 
intercomparison  or  model  validation  exercices.  The  main  conclusions  of  the  Euroclivar 
panel  concerning  model  studies  will  then  be  reviewed  and  opened  to  discussion. 
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BLOCKING  SIMULATION  IN  GENERAL  CIRCULATION  MODELS  WITH 
DIFFERENT  RESOLUTIONS 

V.  Cesari^”.  S.  Tibaldi'^',  E.  Tosi“' 

‘"ADGB* Atmospheric  Dynamic  Group  .Department  of  Physics.  Bologna  University 
’’‘ARPA-SMR,  Servizio  meteorologico  regionale,  Bologna.  Italy 
e-mail:  vanina@atmos5.df.unibo.it,  Fax:  +39  5 1  6305074 

Different  outputs  of  three  general  circulation  models  (CNRM  ARPEGE.  UKMO  and 
MPI  ECHAM4),  integrations  at  different  resolutions  (up  to  T106  equivalents 
triangular  truncation)  but  with  the  same  sea  surface  temperature,  have  been  analysed 
from  the  point  of  view  of  blocking  simulation.  The  analysis  has  been  developed  with 
the  help  of  an  objective  blocking  Index  based  on  the  quantification  of  the  zonality  of 
the  flux.  For  each  model  integrations,  systematic  errors  and  model  variability  have 
been  assessed.  In  general  all  the  model  runs  tend  to  underestimate  blocking 
frequencies  especially  in  the  Pacific,  where  blocking  appears  more  dependent  on  the 
oceanic  forcing  rather  than  on  the  internal  dynamics  of  the  atmosphere,  but  their 
behaviours  as  the  resolution  increases  Is  very  different.  ARPEGE  model  is 
characterised  by  a  strong  tendency  to  decrease  the  already  too  low  blocking 
frequency  even  if  the  position  of  maxima  of  variability  (both  low  and  high 
frequency)  is  better  reproduced  in  the  high  resolution  run.  On  the  contrary  ECHAM4 
model  shows  an  improving,  as  the  resolution  increases,  both  in  space  and  in  time 
simulations  but  only  on  the  Euro-Atlantic  sector.  In  particular  the  model  reproduces 
realistically  the  intcrannual  variability  of  this  sector.  The  UKMO  model  has  been 
found  to  be  rather  Insensitive  to  model  resolution  variations  .Additionally,  it  is  the 
only  model  which  overestimates  somehow  the  frequency  in  the  Euro-Atlantic  sector 
at  all  resolutions.  The  yearly  cycle  is  improved  by  increasing  resolution  but  not  the 
same  can  be  said  for  the  interannua!  variability. 


LARGE-SCALE  DYNAMICS  AND  THE  WEST  AFRICAN  MONSOON 

Keny  H.  Cook 
Cornell  University.  USA 
kc  @  tropic.cit.comell.edu 

The  West  African  monsoon  is  discussed  from  the  per^)ective  of  the  large-scale  atmospheric  hydro¬ 
dynamics.  Studies  with  a  general  circulation  model  and  diagnosis  of  NCEP  and  ECMWF 
reanalysis  products  are  used  to  understand  how  and  why  the  low-level  monsoon  flow  and  the 
African  easterly  jet  are  forced,  and  to  investigate  their  role  in  determining  the  precipitation 
climatology.  Moisture  transport  and  convergence  within  the  monsoon  flow  is  examined  through  a 
consideradon  of  the  moisture  budget  The  vorticity  budget  is  used  to  explain  how  the  flow  across 
the  Guinea  co^tline  balances  vortex  stretching  due  to  mid-tropo»heric  condensational  heating, 
thereby  maintaining  the  precipitation.  The  African  easterly  jet  which  is  the  result  of  strong  surmce 
hea^g  at  Saharan  latitudes,  contributes  to  the  total  vertically-integrated  moisture  budget  over  West 
Africa  through  its  association  with  a  moisture  divergence  maximum  near  700  mb.  This  connection 
results  in  added  sensitivity  of  the  West  African  climate  to  land  and  sea  surface  temperatures,  ^nce 
the  jet  is  ^ndtive  to  the  large-scale  meridional  temperature  gradienu  The  large-scale  dynamics  of 
West  Africa  is  compared  with  that  of  East  Africa  to  suggest  reasons  for  the  observed  similarities 
and  dilTerences  in  precipitation  variability. 


Rain  event  climatology  In  West  Africa  : 

Comparison  from  in  situ  and  GCM  outputs 

F.  DelclauxM  PoIcher^.andT.  LebeP 

•ORSTOM.  Croupe  CATCH,  DclcIaux@mpI.orsiom.fr/Fax:33-4  6754  7106 

2cNRS-  L  MD.  ^ORSTOM-  LTHE.  Croupe  CATCH. 

West  Africa  has  suffered  from  a  continuous  drought  for  the  past  30  years.  In 
order  to  assess  the  impacts  of  this  drought  onto  the  processes  conditioning 
the  continental  water  cycle,  the  rainfall  variability  has  to  be  studied  at 
smaller  scales  than  the  usual  monthly  and  yearly  scales.  Recent  works  based 
on  in  situ  observations  suggest  (hat,  in  the  Sahel,  there  Is  a  dominant  co¬ 
fluctuation  between  the  number  of  rainy  events  and  the  cumulative  rainfall  at 
various  time  scales  (see  Lebel  et  al..  this  session).  This  has  strong 
implications  for  the  hydrological  cycle  and  it  is  therefore  important  to  verify 
whether  this  feature  is  reproduced  in  GCM's  used  to  evaluate  the  impacts  of 
climate  fluctuations  onto  the  water  resources  in  West  Africa.  A  first  step  in 
that  direction  has  been  taken  by  investigating  how  the  GCM  rain  event 
characteristics  vary  when  averaged  over  two  contrasting  periods  :  the  wet 
years  1951-1970  and  the  dry  years  1971-1990.  The  fluctuations  observed  in 
the  GCM  outputs  are  compared  to  those  recorded  over  the  same  2  periods  by 
the  regional  network  covering  a  12®(latjtude)  x  15®  (longitude)  window.  The 
two  parameters  considered  here  are  the  number  of  events  and  the  mean  event 
rainfall.  It  is  found  that  the  number  of  events  produced  by  the  GCM  has 
decreased  significantly  during  the  dry  years,  as  compared  to  what  it  was 
during  the  wet  years.  In  that  respect,  the  GCM  conforms  to  the  observations. 
On  the  other  hand,  the  average  characteristics  of  the  GCM  rain  events  are 
somewhat  different  from  those  of  the  observed  rain  events.  The  various 
reasons,  mainly  the  sampling  characteristics  and  the  GCM  parametrisatlon, 
that  may  explain  these  differences  are  discussed. 


DIFFERENT  REGIMES  OF  EASTERLY  WAVES  OVER  WEST 
AFRICA  AND  TROPICAL  ATLANTIC  (1979-1995) 

A.  Diedhiou  (1,2),  S.  Janicot  (3).  A.  Viltard  (I).  P.  de  Felice  (I),  H.  Laurent  (2) 

(1)  Laboratoire  de  Meieorologie  Dynamique,  CNRS 
Ecole  Polyiechnique,  France 

(2)  ORSTOM,  Montpellier,  France 

(3)  METEO-FRANCE/LMD,  Ecole  Polytechnique,  France 
diedhlou@lmd.poIytechnique.fr/Fax:  +33- 1 .69.33.30.05 

NCEP/NCAR  reanalyses  are  used  over  the  period  1979-1995  to  investigate  the  easterly 
waves  activity  over  West  Africa  and  the  tropical  Atlantic  and  its  relationships  with 
rainfall  and  convection.  Three  main  band-periods  are  pointed  out  in  spectral  analyses 
of  meridional  wind  at  700  hPa :  3-4  days,  4-5  days  and  6-9  days.  The  3-4-day  and  the 
4-5-day  regimes  correspond  to  the  well  known  easterly  waves  activity  respectively 
south  and  north  of  the  African  Easterly  Jet.  The  6-9-day  regime  corresponds  to  similar 
easterly  waves  north  of  the  jet  but  with  stronger  associated  anticyclonic  circulations 
behind  the  wave  trough.  The  modulation  of  rainfall  and  convection  by  these  two  wave 
regimes  is  investigated  by  using  ORSTOM  and  NCEP/NCAR  daily  rainfall  amounts 
and  three  hourly  ISCCP  satellite  data.  Energetic  computations  are  also  performed  to 
discriminate  the  two  wave  regimes. 


Numerical  study  of  interactions  between  a  squall-line  and  an 
easterly  wave 

A.  Diongue,  J.P.  Lafore  and  J.L.  Redelsperger 

(CNRM.Meteo-France  and  CNRS,  42  avenue  Coriolis,  F-31057  Toulouse,  France) 

The  relationship  between  convection  and  easterly  waves  is  one  of  the  key 
factors  for  understanding  the  west  African  monsoon.  Up  to  now  these  inter¬ 
actions  has  been  mainly  studied  owing  to  composite  analysis  of  observations 
(Reed  et  al  1977)  and  to  Idealized  modelling  studies  (Simmons  1977).  On  the 
other  band  explicit  resolution  of  convective  systems  such  as  squall  Unes,  was 
restricted  to  limited  domains  of  simulation  without  any  realistic  treatment 
of  the  initiation  stage  and  of  forcings  by  larger  scales.  Recent  progresses  in 
modelling  and  computers  allow  us  now  to  treat  these  scale  interactions  more 
explicitely  for  some  case  studies. 

Here  the  atmospheric  simulation  system  Meso-NH  is  used  to  simulate  a 
squall  line  associated  with  an  easterly  wave  and  observed  on  the  22  august 
1992  during  HAPEX-SAHEL  in  Niger.  Two  types  of  simulations  are  per¬ 
formed.  First  meso-/3  ones  (30  km  resolution)  initialized  by  the  ECMWF 
analysis  and  fine  scale  surface  conditions,  to  represent  the  dynamics  of  the 
easterly  wave  owing  to  the  use  of  a  convective  scheme.  These  simulations  are 
then  used  to  forced  and  initialize  the  squall  line  explicitely  resolved  (2  km) 
by  a  second  model  nested  in  the  first  one.  We  will  present  the  validation  of 
this  approach  on  the  base  of  comparisons  with  available  observations  (satel¬ 
lite  and  radar  imagery,  precipitation  and  convection  footprints  as  observed  by 
HAPEX-SAHEL  ground  stations) 
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SIMULATION  AND  PREDICTION  OF  THE  WEST  AFRICAN 
MONSOON 

A.  D.  L.  Evans  and  M.S.J.  Harrison 

NWP  Division,  UK  Met  Office,  London  Road,  Bracknell,  Berkshire,  UK. 
adevansOmeto . gov . uk 

One  objective  of  the  European  Union  PROVOST  experiment  is  to  estimate 
potential  dynamical  seasonal  predictability  given  ideal  surface  boundary  con¬ 
ditions  on  a  global  scale.  To  this  end,  the  UK  Met  Office  Unified  Model  (at 
climate  resolution)  has  been  integrated  in  9  member  ensembles  initialized  at 
24-hour  intervals  over  15  Boreal  summer  seasons  (June  to  September)  from 
1979  to  1993.  Initial  conditions  from  the  ECMWF  reanalysis  as  well  as  SST 
anomalies  from  the  UKMO  GISST  and  Reynold’s  01  data  sets  were  used  in  all 
the  experiments. 

Tropical  West  Africa  is  one  region  chosen  in  order  to  test  the  capability  of  pro¬ 
viding  seasonal  forecasts.  Probabilistic  and  deterministic  rainfall  predictability 
appear  to  exist  over  this  region  in  the  PROVOST  simulations.  The  dynamical 
model  is  able  to  capture  the  interannual  rainfall  variability  reasonably  well  but 
underestimates  magnitudes.  Since  1994,  dynamical  forecasts  have  been  pro¬ 
duced  at  UKMO  for  tropical  west  Africa,  the  difference  from  the  PROVOST 
runs  is  that  persisted  SST  anomalies  from  May  are  used  throughout.  It  appears 
likely  that  there  is  minimal  loss  in  predictability  through  the  use  of  persisted 
anomalies  if  the  results  from  12  boreal  winter  and  spring  experiments  can  be 
extrapolated  to  summer.  Assessments  of  the  1997  monsoon  forecast  will  be 
presented  in  both  probabilistic  and  deterministic  terms. 


VARIABILITY  OF  THE  WEST  AFRICAN  MONSOON  ON 
INTRASEASONAL  AND  INTERANNUAL  TIME  SCALES 


A.  H.  Fink  and  P.  Speth  (Institut  fur  Geophysik  und  Meteorologie  der 
Universitat  zu  Koln,  KerpenerStr.  13,  D-50923  Koln,  Germany) 


Using  22  years  (1974-1996)  of  twice  daily  outgoing  longwave  radia¬ 
tion  (OLR)  observations  and  15  years  of  ECWMF  reanalysis  data 
(1979-1993),  the  intraseasonal  (June-September)  and  interannual 
variability  of  certain  components  of  the  West  African  monsoon  (WAM) 
will  be  investigated.  The  focus  will  be  on  the  intraseasonal  and  year- 
to-year  variations  in  the  African  Easterly  Jet  and  in  the  associated 
activity  and  climatological  track  of  African  Easterly  Waves  (AEWs). 
The  activity  and  the  mean  track  of  AEWs  are  estimated  by  local  vari¬ 
ances  of  2.5-8  day  bandpass-filtered  time  series  of  both  kinematic  and 
thermodynamic/moisture  variables  (e.g.,  relative  vorticity  and  meridi¬ 
onal  wind  at  700  hPa,  OLR  and  precipitable  water).  Differences  in  the 
obtained  AEW  statistics  as  interred  trom  both  types  of  variables  are 
discussed.  Their  relation  to  variations  in  moisture  advection  tw  the 
low-level  southwesterly  monsoonal  flow  and  to  the  rainfall  perform¬ 
ance  of  the  WAM  is  shown. 


CLIMATE  IMPACT  OF  AIRCRAFT  EMISSIONS  IN  THE  UPPER 
TROPOSHERE.  STUDIES  WITH  A  2D-MODEL 

A.  Ciahriel.  G.Schmitz, 

Institut  fiir  Atmospharenphysik  an  der  Universitat  Rostock  e.V., 
SchloBstr.  6,  D- 18225  Kuhlungsbom,  fax:  +49-38293-6850, 
email:  gabriel@iap-kbom.de,  schmitz@iap-kbom.de 

The  climate  impact  of  aircraft  emissions  was  studied  with  an  interactive 
dynamical-chemical  radiative  2D-model  based  on  a  standard  climate  3D- 
GCM  (ECHAM)  and  a  coupled  NCAR  chemistry  module.  The  main 
feature  of  the  2D-model  is  a  selfconsistent  parameterization  of  the 
tropospheric  eddy  heat  and  momentum  fluxes.  Sensitivity  studies  with  and 
without  zonally  averaged  aircraft  NOx  emissions  will  be  presented  giving 
a  better  understanding  of  the  dynamical-chemical  interactions  and  the 
climatic  features  of  both  the  background  and  the  disturbed  atmosphere. 
For  example,  the  results  show  the  dependence  of  the  NOx  background 
concentrations  on  the  composition  of  downward  sinking  lower 
stratospheric  air  masses  and  on  the  tropopause  stracture  in  northern  winter 
midlatitudes  in  the  height  of  the  main  aircraft  emissions  injection  area. 


INTERANNUAL  VARIABILITY  OF  INTRASEASONAL  AND 
SYNOPTIC  WEATHER  SYSTEMS  OVER  WEST  AFRICA  ON 
THE  PERIOD  1968-1997 

S.  Janicot  (1),  A.  Diedhiou  (2,3) 

(1)  METEO-FRANCE/LMD,  Ecole  Polytechnique,  France 

(2)  Laboratoire  de  Meteorologie  Dynamique,  CNRS 
Ecole  Polytechnique,  France 

(3)  ORSTOM,  Montpellier,  France 
Janicot@lmd.ens.fr/Fax:  +33-1.69.33.30.05 

During  the  drough  Sahel  period  beginning  in  1968,  the  impact  of  ENSO  events  on 
Sahel  rainfall  has  seemed  stronger  than  before.  NCEP/NCAR  reanalyses  are  used  over 
the  period  1968-1997  to  investigate  interannual  variability  of  synoptic  weather 
systems  like  easterly  waves  as  well  as  intraseasonal  scale  weather  systems  like 
monsoon  surges  and  their  impact  on  rainfall  events.  We  investigate  also  the  possible 
teleconnections  with  ENSO  variability,  especially  linked  to  the  heat  source  in  the 
eastern  equatorial  Pacific. 


Rainfall  variability  in  the  Sahel :  a  matter  of  scales 
T.  Lebel ' ,  A.  Amani ' ,  L.  Le  Barbe ' 

’  LTHE  -  ORSTOM,  Croupe  CATCH,  Lebel  @hmg.inpg.fr  /Fax:33-4  768-25286 

Rainfall  variability  iti  the  Sahel  has  become  notorious  due  to  the  lasting 
drought  that  started  in  the  end  of  the  sixties.  This  is  the  manifestation  of  a 
decadal  variability  mode  which  has  been  analysed  by  various  authors  using 
monthly  and  yearly  averages.  By  averaging  over  such  large  time  steps,  the 
high  frequency  modes  are  lost,  although  they  are  of  key  importance  for  the 
hydrologic  cycle.  Using  a  combination  of  high  resolution  data  collected 
during  the  7  years  of  the  EPSAT-Niger  experiment  and  lower  resolution  rlata 
produced  by  regional  n«works  over  longer  periods  (typically  40  years),  it  is 
shown  here  that  the  Sahelian  rainfall  variability  displays  some  common 
features  at  different  scales  ranging  from  intraseasonal  to  decadal.  The 
fluctuations  of  the  number  of  events  explain  80%  of  the  fluctuations  of  the 
average  rainfall  at  both  the  decadal  and  interannual  scales.  At  the 
intraseasonal  scale,  the  rainfall  maximum  observed  during  the  core  of  the 
rainy  season  is  associated  to  both  an  increase  in  the  number  of  events  and  an 
increase  of  the  rainfall  efficiency  of  the  large  Mesoscale  Convective 
Complexes  (MCC's).  Tracing  the  atmospheric  circulation  patterns  that  might 
be  linked  to  the  fluctuation  of  the  number  of  events  thus  appears  as  being  a 
major  challenge  for  the  West  African  Monsoon  Project  (WAMP). 


AUTOMATIC  TRACKING  OF  WEST  AFRICAN  CLOUD  CLUSTERS 

V.  Mathon  and  H.  Laurent  (ORSTOM,  BP  5045,  F-34p32  Montpellier 
Cedex  1,  France) 

With  the  objective  of  building  climatological  statistics  on  propagation  of 
African  cloud  clusters,  and  studying  their  morphological  and  radiative 
properties,  an  automatic  method  for  tracking  cloud  clusters  has  been 
developed.  Using  Meteosat  infrared  full  resolution  images,  the  method 
allows  for  tracking  systems  of  size  greater  than  5000  km2.  A  cloud 
cluster  was  defined  as  adjacent  pixels  colder  than  a  brightness  temperature 
threshold.  We  have  chosen  several  thresholds  such  as:  213  K,  233  K,  253 
K.  The  method  is  based  on  the  cluster  overlap  between  two  successive 
images.  The  algorithm  takes  into  account  splitting  and  merging  of  clouds, 
and  allows  for  an  objective  determination  of  parameters  such  as:  size, 
mean  temperature,  temperature  variance,  duration,  coordinates  of  the 
centre  of  gravity,  speed,  trajectory,  eccentricity  etc.  In  order  to  use  the  full 
space  resolution,  the  study  is  limited  to  West  Africa  from  the  equator  to 
20°N  latitude  and  from  25°W  to  20°E  longitude. 

We  found  some  artefacts  we  have  to  take  into  account  in  the  utilisation  of 
the  algorithm  outputs  (border  effects,  effects  derived  from  the  quality  of 
the  available  Meteosat  data  set,  reliability  of  parameters  in  case  of  split  or 
merging  of  clouds...).  However  the  processing  of  several  years  of  data 
shows  that  the  algorithm  is  reliable  and  produces  results  suitable  for  the 
study  of  convective  cloud  systems.  This  has  been  don^over  1993  to 
1997.  Trajectory,  diurnal  variation,  location  of  initiation  and  dissipation, 
variation  of  parameters  during  the  cloud  life  cycle  are  analyzed.  ECMWF 
analysis  are  also  used  to  comment  the  results  obtained  with  the  tracking. 
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PROPAGATION  OF  THE  MESOSCALE  STORM  FLOW  OF 
WEST  AFRICAN  SQUALL  LINES 
Douglas  Parker 

The  Environment  Centre,  University  of  Leeds,  Leeds,  LS2  9JT,  UK. 
dougOlec.leeds.ac.uk/Fax;  [44]  113  233-6716 

Recent  work  has  shown  how  the  mesoscale  flow  in  the  vicinity  of  a  squall  line  is 
forced  principally  by  a  gravity  wave  response  to  the  line  of  convective  heating. 
The  vertical  profile  of  temperature  and  3D  wind  in  the  inflow  to  a  system, 
which  is  known  to  be  crucial  to  its  maintenance,  is  modified  to  first  order  by 
this  mesoscale  flow.  Application  of  these  concepts  to  the  West  African  region, 
where  squall  lines  may  be  propagating  at  all  levels,  is  particularly  interesting,  as 
the  wavelike  response  may  evolve  upstream  of  the  cloudy  region,  to  precondition 
the  inflow  to  the  storm  as  well  as  the  anvil  region. 

As  a  preliminary  step  to  understanding  the  propagation  of  the  storm  flow 
upstream  of  a  Sahelian  squall  line,  the  nature  of  the  feist  linear  waves  on  the 
African  Easterly  Jet  is  described.  The  structure  and  dispersion  relations  for 
different  modes  have  been  computed  by  numerical  solution  of  a  modified  Taylor- 
Goldstein  equation.  However,  it  is  only  through  consideration  of  the  forced 
solutions  that  the  upstream  impact  of  a  squall  line  can  be  evaluated  fully.  The 
impact  of  upstream  modification  on  the  thermodynamic  properties  of  the  squall 
line  inflow  is  discussed,  and  the  implications  of  inflow  modification  on  overall 
squall  line  evolution  are  considered. 


INTERANNUAL  VARIABILITY  OF  SST  -  TROPICAL  CIRCULATION 
RELATIONSHIP  ON  THE  PERIOD  1968-1997:  FOCUS  ON  WEST  AFRICA. 

I.  Poccard  (1) ,  S.  Janicot  (2),  Y.  Richard  (I) 

(1)  Centre  de  Recherches  de  Climatologie,  Universite  de  Bourgogne/CNRS,  Dijon, 
France 

(2)  METEO-FRANCE/LMD,  Ecole  Polytechnique,  France 
e-mail :  poccard@u-bourgogne.fr/ Fax  :  +33-03.80.39.57.41 

The  NCEP/NCAR  reanatyses  are  used  over  the  period  1968-1997  to  investigate  the 
impact  of  the  main  modes  of  SST  variability  on  the  monthly  mean  tropical  circulation. 
In  particular  we  examine  the  role  of  ENSO  events  in  the  interannual  variability  of  the 
seasonal  rainfallamounts  of  the  West  African  monsoon.  We  will  look  at  the  different 
atmospheric  responses  in  surface  (SLP,  trade  and  monsoon  winds,..)  and  in  the  upper 
levels  (velocity  potentials,...),  and  compare  these  results  with  previous  studies  having 
used  less  sophisticated  observations  and  modelling  experiments. 


ON  THE  EXISTENCE  OF  WARM  CORE  AFRICAN  EASTERLY 
WAVES 

loannis  Pytharoulis  and  Christopher  D.  Thorncroft 

Department  of  Meteorology,  University  of  Reading,  Reading  RG6  6BB,  United 

Kingdom. 

I .PytharouIisCreading .ac.uk 

The  existence  of  warm  core  African  Easterly  Waves  (.AEWs)  north  of  the 
African  Easterly  Jet  (AEJ)  core  has  been  clarified  using  radiosonde  data  and 
the  UKMO  global  model  analysis  from  the  summer  and  autumn  of  1995.  Spec¬ 
tral  analysis  of  wind  data  at  Dakar  (14.7®N,  17.5‘’W)  and  Bamako  (12.5®N, 
8.D®W)  confirms  the  existence  of  waves  with  AEW  period  (2.5-6  days).  At  Ba¬ 
mako  the  AEWs  were  charewrterised  by  maximum  amplitudes  at  the  level  of 
the  AEJ  whereas  at  Dakar  the  waves  were  characterised  by  maxima  at  low- 
levels.  Strong  low-level  AEW  amplitudes  on  the  northern  flank  of  the  AEJ 
were  also  seen  in  the  UKMO  analyses.  These  low-level  amplitudes  extended 
over  the  ocean  but  displaced  south  of  the  land  maximum.  The  low-level  amp¬ 
litudes  arise  in  association  with  baroclinic  interactions  between  the  negative 
meridional  potential  vorticity  (PV)  gradient  in  the  jet  core  and  the  positive 
low-level  gradients  of  potential  temperature,  0,  enhanced  by  the  presence  of 
low  static  stability  air  north  of  the  AEJ.  The  warm  core  waves  follow  the  $ 
gradients  over  north  Africa  in  contrast  to  the  700mb  waves  that  follow'  the  PV 
gradients  that  exist  at  the  level  of  the  AEJ.  Lag  correlation  analysis  shows  that 
there  is  strong  coherence  between  the  warm  core  AEWs  and  the  well-known 
cold  core  AEWs  that  propagate  south  of  the  jet. 


CHARACTERIZATION  OF  SAHELIAN  RAINFALL  SPATIAL 
VARIABILITY  AT  A  SCALE  BETWEEN  1  AND  10  KILOMETRES  : 
THE  ARCOL  EXPERIMENT  (REGION  OF  NIAMEY,  NIGER) 

Jean-Denis  Taupin 

LTHE-ORSTOM.  EJomaine  Univcrsiiaire,  BP  53. 3804 1  Grenoble,  cedex  9 
Jean-Denis.Taupin@hmg.inpg.fr/Fax  (33)  04-76-82-52-86 

Since  1988,  the  EPSAT-Niger  experiment  (Estimation  des  Precipitations  par 
SATellite  au  Niger)  has  been  carried  out  in  a  semiarid  area  near  Niamey  (Niger)  to 
improve  the  understanding  of  (he  precipitation  systems  of  Sudano-Sohelian  Africa 
and  to  develop  operational  rainfall  estimation  algorithms  for  this  region.  This 
experiment  is  based  mainly  on  the  survey  of  a  very  dense  raingaugc  network  (30  to 
i  10  raingauges)  laid  on  a  regular  grid  covering  an  area  of  16  000  km^.  The  first 
results  pointed  out  difTcrent  parameters  which  govern  the  quality  and  the  climatology 
of  the  rainy  season.  Among  those.the  link  between  the  number  of  mesoscale 
convective  systems  which  represent  the  biggest  part  of  annual  rainfall  and  the  total 
seasonal  rainfall.  To  have  a  new  understanding  of  these  mesoscale  systems,  in  1993, 
a  new  raingaugc  network  covering  an  area  of  600  km^,  based  on  6  parallel  lines  of 
about  70  raingauges  (ARCOL  Experiment  -  A  la  Recherche  dcs  Cellules  Orageuses 
des  Lignes  de  grain)  was  set  up.  Theses  lines  are  oriented  more  nr  less  North-South 
and  are  perpendicular  to  the  main  direction  of  circulation  of  the.se  convective  systems. 
For  each  line,  the  distance  between  the  raingauges  is  about  I  kilometre.  This 
particular  network  allowed  in  study  the  sahelian  rainfall  spatial  variability  at  a  scale 
between  t  and  10  kilometres  and  furthermore,  it  improved  the  knowledge  of  (he 
internal  mechanisms  of  squall  lines  (particular  mesoscale  convective  system  with  a 
structure  of  the  convective  front  very  well  defined,  oriented  North-South,  and  a 
preferential  path  East-West  with  a  speed  of  about  50  km/h).  For  this  last  part,  the 
network  allowed  to  show  the  size  of  the  basic  convective  cells  (about  1-2  kilometres) 
which  are  very  intensive,  and  allowed  to  follow  their  displacement. 


DECADAL  SAHELIAN  RAINFALL  ESTIMATION  OVER  AN  AREA 
OF  1  DEGREE  SQUARE  :  CHARACTERIZATION  OF  THE 
‘GROUND  TRUTH*  ACCORDING  TO  THE  RAINGAUGE 
NETWORK  DENSITY. 

Jean-Denis  Taupin 

LTHE-ORSTOM.  Domaine  Universitaire.  BP  53,  3804 1  Grenoble  cedex  9.  France 
Jean-Denis.Taupin@hmg. inpg.fr/Fax  (33)  04-76-82-52-86 

Hh:  duration  of  the  rainy  season  in  the  sahelian  zone  is  about  5  months  (may  to 
September).  The  precipitations  re.sulting  from  the  monsoon  flux  which  moves  toward 
the  north  at  this  period  arc  mainly  composed  of  convective  systems.  These  rainfall 
show  a  high  spatial  variability.  The  regional  raingaugc  network  in  the  Sahel  is  very 
sparse  (  I  to  5  raingauges  over  10  000  km^)  hence  the  mean  rainfall  estimation  over 
a  specific  surface  is  very  dil'ficuli.  Other  methodologies  to  estimate  the  rainfall  over 
areas  ore  used  like  infra-red  mea.surement  from  gcostaiionnary  satellite  which  have  a 
g«>od  resolution  in  time  and  space,  hut  at  the  present  time  the  estimation  algorithms 
do  not  show  a  good  agreement  with  the  measured  rainfall  on  the  ground  in  the  Sahel. 
In  addition  the  spatial  variability  of  rainfall  and  the  weak  density  of  raingaugc 
network  do  not  allow  a  good  validation  of  the  satellite  dam  because  there  is  not  a 
good  ‘gn>und  truth*.  However,  in  the  region  of  Sahel,  a  good  spatial  estimation  of 
rainfall  would  be  necessary  to  folittw  titc  crops  and  to  prevent  po.ssihic  starvation.  In 
(hat  ca.se.  a  rainfall  estimation  at  a  regional  scale  (degree  square)  and  at  a  time  scale 
of  ten  days  could  be  enough.  The  EPSAT-Niger  Experiment  (Estimation  des 
Precipitations  par  SATellite  au  Niger).  Iivalized  in  the  region  of  Niamey  is  based  on 
(he  survey  of  a  very  dense  raingaugc  network  which  presents  a  regular  grid  over  an 
m'caof  16  000 km^.  Six  years  (1991-1996)  have  been  studied  where  there  Is  deficit 
and  excess  rainy  sca.ton.  The  aim  of  this  study  is  also  to  determinate  the  ‘ground 
truth*  over  an  area  of  I  degree  square  (about  12  000  km-)  at  a  time  scale  of  ten  days 
and  to  fvoposc  abacus  of  rainfall  error  estimation  according  to  the  number  of 
raingauges. 


INFLUENCE  OF  SST  ON  OBSERVED  MIDLATITUDE  BLOCKING 
VARIABILITY 

S.  Tibaldi'".  R.  Quadrelli'"*,  V.  Cesari'^* 

*’‘ARPA-SMR,  Servizio  meteorologico  regionale,  Bologna,  Italy 
*"*ADGB-Almospheric  Dynamic  Group  .Department  of  Physics,  Bologna  University 
e-mail:  vanina@aimos5.df.unibo.it.  Fax:  +39  51  6305074 

In  the  context  of  the  analysis  of  atmosphere  low  frequency  variability  and  its 
modelling  (particularly  of  blocking  simulation  produced  in  CCMs),  a  good 
performance  of  the  model  ECHAM4  T106  (10  years  integration)  has  been  found, 
mainly  in  the  Euro-Atlantic  sector .  This  Integration,  characterised  by  observed  sea 
surface  temperatures  as  the  only  external  forcing,  reproduces  a  blocking  frequency 
time  variability  which  matches  surprisingly  well  the  real  one  (reanalysis  from  1 
January  1979  up  to  31  December  1988).  In  order  to  understand  if  these  similarities 
are  the  product  of  chance  or  not,  a  Montecarlo  simulation  has  been  developed  using 
a  set  of  KXX)  ‘*a!lernative  analyses’*  randomly  generated  from  the  real  blocking 
frequency  dataset  (analysis  from  1  March  1974  up  to  28  February  1994,  limited  to 
90®W-90E  area).  Observing  the  distribution  of  the  correlation  coefficients 
(calculated  between  each  of  the  random  maps  and  the  model  output),  it  has  been 
found  that  the  model  output  is  correlated  with  the  observed  data  with  a  value  located 
1.5  standard  deviations  right  of  the  mean. 
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MAINTENANCE  OF  THE  AFRICAN  EASTERLY  JET 
Chris  Thomcroft  and  Mike  Blackburn 
University  of  Reading,  UK 

The  maintenance  of  the  African  easterly  jet  (AEJ)  has  been  examined  using  a  zon< 
ally  symmetric  GCM  with  simple  parametrizations.  It  is  shown  that  the  AEJ  is 
mainuuned  in  association  with  two  diabatically  forced  meridional  circulations;  one 
associated  with  surface  fluxes  and  dry  convection  in  the  Saharan  heat  low  region 
and  one  associated  with  deep  moist  convection  in  the  ITCZ  region  equatorward  of 
this.  The  heat  low  heating,  which  reaches  the  height  of  the  AO  around  700mb,  is 
particularly  important  in  maintaining  the  AEJ  and  its  associated  meridional  gradi¬ 
ents  in  potential  vorticity.  It  is  concluded  that  the  mean  observed  AEJ  results  ^m  a 
combination  of  the  diabatically  forced  meridional  circulations  which  maintain  it 
and  easterly  waves  which  weaken  it. 


ROLES  OF  CUMULUS  CONVECTION  IN  THE  ATLANTIC 
EASTERLY  WAVES 
Kuaii-Man  Xu  and  D.  A.  Randall 

Department  of  Atmospheric  Science,  Colorado  State  University.  Fort  Collins. 
CO  80523,  USA. 

luucufiatBos.eolostate.edu/Fax:  [+1]  970  491  8428 

Easterly  waves  are  westward  traveling  tropospheric  disturbances  in  the  Tropics. 
They  arise  through  a  mixed  barotropic/baroclinic  instability  of  the  low-level 
easterly  jet.  The  importance  of  diabatic  processes  in  the  wave  dynamics  and 
energetics  has  yet  been  fully  understood,  due  to  poor  representations  of  moist 
processes.  A  wave-CISK  parameterization  is  often  used  in  theoretical  studies. 
To  improve  the  representation  of  cumulus  convection,  one  must  first  understand 
the  role  of  mesoscale  processes  in  the  mass,  heat  and  moisture  budgets  of  the 
easterly  waves,  in  addition  to  that  of  convective-scale  processes.  The  main 
purpose  of  this  study  is  to  investigate  these  budgets  and  individual  budget 
components  for  every  phase  of  a  composite  easterly  wave. 

In  this  study,  the  IJCL.\/CSU  cloud  ensemble  model  (CEM)  is  used  to  explicitly 
simulate  the  macroscopic  behavior  of  cumulus  convection  and  its  mesoscale 
organization  during  Phase  III  of  the  Global  Atmospheric  Research  Program  s 
(GARPs)  Atlantic  Tropical  Experiment  (G.\TE).  Observed  large-scale  vertical 
motion  and  horizontal  advections  of  temperature  and  moisture  are  used  to 
drive  the  CEM  for  the  entire  Phase  III.  The  simulations  have  been  presented 
in  Xu  and  Randall  (1996).  The  observed  easterly  waves  during  Phase  III  were 
characterized  as  fully  mature  and  strongly  nonlinear.  Only  a  composite  easterly 
wave  is  studied  with  the  simulated  data.  Compositing  of  data  is  accomplished 
by  assigning  each  3-hourIy  averaged  variable  to  one  of  eight  wave  categories 
as  in  observational  studies.  Partitioning  of  convective  and  mesoscale  stratiform 
regions  is  ba.sed  upon  the  strength  of  updrafts/downdrafts  (Xu  1995). 
Implications  for  cumulus  parameterization  will  also  be  discussed,  based  upon 
the  results  presented  in  this  study. 


NUMERICAL  STUDY  OF  THE  IMPACT  OF  ENSO  AND  DECADAL 
SCALE  SST  VARIABILITY  ON  SAHEL  RAINFALL 

S.  Trzaska  (I),  S.  Janicot  (2),  B,  Fontaine  (1) 

(1)  Centre  de  Recherches  de  Climatologie, 

Universite  de  Bourgogne/CNRS,  Dijon,  France 

(2)  METEO-FRANCE/LMD,  Ecole  Polytechnique,  France 
e-mail :  crc2@u-bourgogne.fr/Fax:  +33-4.80.39.57.41 

Sahelian  rainfall  is  strongly  dependent  on  surface  conditions  and  SST  play  a  key  role 
at  interannual  time-scales.  However  ENSO  phenomenon  is  seldom  put  forward  to 
explain  rainfall  variability  in  the  Sahel.  As  a  matter  of  fact  the  statistical  relationship 
is  weak  but  mainly  due  to  its  unstability  through  time  and  seems  to  depend  on  the 
global  SST  context  -  a  decadal  or  longer  time-scale  variability.  Numerical  experiments 
performed  with  an  AGCM  help  to  investigate  changes  in  the  relationship  between 
ENSO  related  conditions  and  Sahelian  rainfall  relatively  to  the  prevailing  global 
context  Recent  ENSO  events  occuring  in  warmer  southern  ocean  context  have  clear 
impact  on  the  Sahelian  rainfall  in  consistency  with  observations. 


Mechanisms  of  West  African  monsoon  and  land  surface  process  interaction 

Yongkang  Xue(l),  D.B.  Clark  (2),  and  R.J.  Harding  (2) 

(1)  Department  of  Geography,  University  of  Maryland,  College  Park,  MD,  20705 
USA,(2)  Institute  of  Hydrology,  Oxfordshire,  0X10  8BB,  UK 

West  Africa  is  an  ecologically  fragile  area,  with  a  low  and  extremely  variable  rainfall. 
A  biosphere  model,  SSiB,  was  coupled  wi^  the  COLA  GCM  to  investigate  the  impact 
and  mechanisms  oHand  surface  processes  on  seasonal  and  decadal  variations  of  Sahal 
rainfall.  The  model  was  integrated  for  four  years  with  and  without  vegetation  cover 
degradation  over  the  Sahel  region.  It  has  been  found  that  the  West  African  monsoon 
and  African  easterly  jet  are  both  sensitive  to  land  surface  processes.  Changes  in  the 
annual  cycle  of  Sahel  rainfall  in  the  degradation  cases  are  consistent  with  observed 
climate  anomalies  of  the  past  forty  years.  The  condition  of  the  land  surface  in  West 
Africa  has  the  largest  impact  compared  with  other  sub-areas  in  the  Sahel  region.  The 
monsoon  flow  from  the  Atlantic  Ocean,  then  the  moisture  flux  convergence,  became 
wesdcer  in  the  degradation  cases.  In  contrast  to  the  conventional  hypothesis  about 
albedo  effects,  it  has  been  found  that  variations  in  the  convective  heating  rate,  which 
are  caused  by  changes  in  latent-heat  flux  from  the  land  surface  and  moisture  flux 
convergence  in  the  atmosphere,  are  the  dominating  factors  in  this  process.  Radiative 
cooling  is  a  secondary  effect.  A  preliminary  study  was  also  conducted  to  compare  the 
effects  of  the  land  and  SSTs. 


OA17  Climate  variability:  models  and 
observations  (co-sponsored  by  SE) 

02  Natural  climate  variability  on  the  basis 
of  past  observations 

Convener:  Duplessy,  J.-C. 


GMSLP3:  A  GLOBAL  MEAN  SEA  LEVEL  PRESSURE  DATASET. 

T. A.Basnett  (1),  N.A.Rayner  (1)  and  D.E.Parker  (1) 

(1)  Hadley  Centre  for  Climate  Prediction  and  Research,  Meteorological  Office, 

U. K.. 

tbasnett9meto.gov.uk 

A  global,  observed,  monthly,  historical  MSL  pressure  dataset  (GMSLP3)  has 
been  developed  to  facilitate  the  validation  of  climate  model  results  and  the 
interpretation  of  observed  global  and  regional  climate  vtiriations.  The  dataset 
is  composed  of  gridded  values  on  a  5°  resolution,  dating  back  to  1871. 
GMSLP3  is  based  on  monthly  mean  land  station  data, together  with  gridded 
ships  measurements,  which  were  subjected  to  a  rigorous  quality-control.  These 
data,  combined  with  data  extracted  from  the  National  Centers  for  Environmen¬ 
tal  Prediction  Reanalysis,  were  used  to  ’reconstruct’  monthly  gridded  fields  of 
MSL  pressure  using  the  ’Reduced  Space  Optimum  Interpolation’  technique  de¬ 
veloped  by  Alexey  Kaplan  of  Lamont-Doherty  Earth  Observatory,  Columbia 
University, 

I  will  present  an  overview  of  the  creation  of  GMSLP3,  together  with  a  brief 
discussion  of  its  main  features  and  improvements  over  previous  versions  of  the 
dataset.  I  will  also  describe  possible  future  avenues  for  development,  including 
the  creation  of  regional  datasets  for  areas,  such  as  Europe,  where  there  are 
sufficient  numbers  of  high  quality  observed  data. 
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CHANGES  IN  BAROCLINICITY  AND  SYNOPTIC  ACTIVITY  ON  THE 
NORTHERN  HEMISPHERE  FROM  THE  1960s  TO  THE  PRESENT  AS 
SEEN  BY  DISTINCT  DATA  SETS 

K.  Born,  Meteorological  Institute,  University  Bonn 

e-mail:  kborn@uni-bonn.de  fax:  +49  228  735188 

The  large  number  of  deep  cyclones  over  the  North  Atlantic  /  European  area  during 
the  first  years  of  the  1990s  led  to  the  supposition,  that  the  meridional  temperature 
gradient  of  the  troposphere  has  strengthened  within  the  preceding  decades.  In  this 
study  northern  hemispheric  tropospheric  temperatures  and  synoptic  activity  -  in 
terms  of  baroclinicity  and  the  interdiurnal  variability  of  geopotential  heights  -  are 
examined.  It  is  found  that  the  lower  tropospheric  temperature  gradients  as  well  as 
the  synoptic  activity  increased  during  that  period  over  the  cyclogenetic  centres  over 
Newfoundland  and  over  the  Northwest  Pacific,  leading  to  an  enforcing  of 
meridional  heat  exchange  processes  due  to  synoptic  eddies.  But  over  continental 
areas  (Asia/Siberia)  the  tropospheric  warming  within  the  midlaiitudes  caused  a 
decrease  of  the  meridional  temperature  contrast  between  lower  latitudes  and  polar 
regions.  This  result  can  be  obtained  from  three  largely  independent  data  sets: 
namely  analysis  data  of  the  German  Weather  Service  (DWD),  the  Comprehensive 
Ocean- Atmospheric  Data  Set  (GOADS)  and  the  NCEP/NCAR  Reanalysis  data.  The 
close  connection  between  monthly  mean  baroclinicity  -  in  terms  of  Bjerknes* 
solenoidal  term  -  and  the  synoptic  activity,  obtained  from  daily  observations,  is 
another  instructive  result  of  the  study. 


A  GCM  SIMULATION  OF  THE  DISTRIBUTION  IN 
THE  GLACIAL  OCEAN 


J.-M.  Campin*,  T.  Fichefet'  and  J.-C.  Duplessy^ 

'Institut  d’Astronomie  et  de  Geophysique  G.  Lemattre,  Universite 
Catholique  de  Louvain  ;  canipin@astr.ucl.ac.be  ;  Fax:  32-10-474722 
^Centre  des  Faibles  Radioactivity,  CNRS-CEA,  Gif  sur  Yvette 

Natural  radiocarbon  ('■'C)  concentration  is  often  used  to  assess 
the  ventilation  rate  of  the  deep-water  masses.  At  the  Last  Glacial 
Maximum  (LGM),  the  *'*C  concentration  measured  in  sediments 
supports  the  idea  of  a  different  World  Ocean  circulation  compared 
to  present  day,  but  due  to  the  measurement  uncertainties  and  the 
scarceness  of  reliable  '“'C  data,  until  now,  a  comprehensive  ventilation 
Sketch  cannot  be  drawn.  Here  we  investigate  this  question  with  a  3-D 
global  OGCM  that  includes  a  radioactive  decaying  ''*C  tracer,  with  a 
wind  speed  and  sea-ice  cover  dependent  surface  exchange  coefficient, 
but  ignoring  the  complex  biological  carbon  cycle.  Two  experiments 
under  restoring  boundary  conditions  are  conducted,  a  reference  run 
with  present  day  forcing  and  a  LGM  simulation  using  CLIMAP  SST 
and  Duplessy  et  at.  (1991)  SSS  reconstructions.'  The  '■'C  equilibrium 
distributions  from  the  two  experiments  are  presented.  The  modern  *'*C 
is  in  good  agreement  with  observations  and  offers  a  model  validation  as 
well  as  a  reference  state.  The  LGM  '^C  distribution  is  compared  with 
the  few  available  reconstructions.  The  comparison  with  the  modern 
simulation  provides  a  clear  view  of  the  circulation  changes,  changes 
that  are  consistent  with  those  inferred  from  proxies. 


RAPID  CLIMATIC  EVENTS  AND  ASIAN  MONSOON  INTENSITY: 
MAGNETIC  AND  GEOCHEMICAL  RESULTS  FROM  THE  BAY 
OF  BENGAL  AND  THE  ANDAMAN  SEA 

C.  Colin,  C.  Kissel,  D.  Blamart,  L.  Turpin 

Centre  des  Faibles  Radioactivity,  CNRS-CEA,  Gif-sur-Yvette,  France. 

Results  from  high  resolution  study  of  magnetic  mineralogy  combined 
with  major  element  geochemistry  analysis,  oxygen  isotopes  and  '''C  AMS 
stratigraphy  are  reported  for  cores  MD77-169  and  MD77-180  located  in 
the  Andaman  Sea  and  the  Bay  of  Bengal  respectively.  In  both  cores  the 
main  magnetic  mineral  is  PSD  titanomagnetite  with  slight  variations  in 
grain  size  following  orbital  periodicities  at  23  kyr  and  100  kyr.  The  23 
kyr  periodicity  indicates  that  the  variations  of  magnetic  grain  sizes  are 
strongly  influenced  by  the  monsoon  with  relatively  fine  magnetic  grains 
during  periods  of  strong  summer  monsoon. 

In  core  MD77-180,  located  at  the  mouth  of  the  Ganges  river,  short  term 
variations  in  magnetic  grain  sizes  and  in  the  chemical  index  alteration 
(ClA)  are  coeval  during  the  last  glacial  period  with  the  rapid  variations 
abserved  in  the  8'®0  record  of  GISP2  ice  core.  The  interstadials  are 
characterized  by  fine  magnetic  grains  and  high  CIA  values.  On  the 
contrary,  the  cold  Heinrich  events  correspond  in  core  MD77-I80  to 
intervals  of  relatively  coarse  grains  and  low  CIA  illustrating  a  decrease  of 
the  intensity  of  chemical  weathering  related  to  significantly  drier 
conditions  on  the  continent.  We  suggest  that  rapid  cold  events  in  North 
Atlantic  during  the  last  glacial  stages  are  related  to  a  weaker  summer 
monsoon  rainfall  over  the  Himalaya  via  atmospheric  teleconnection. 


WINTER  PRECIPITATION  IN  PORTUGAL:  TRENDS  AND  VARIABILITY 
USING  A  LINEAR  MODEL  BASED  ON  WEATHER  TYPES 

C.C.  DACAMARA  and  R.  M.  TRIGO.  (Department  of  Physics,  University  of  Lisbon, 
1700  Lisbon,  Portugal,  dacamara@correio.cc.fc.ul.pt) 

Regime  of  precipitation  in  Portugal  presents  a  highly  seasonal  character,  with  a  broad 
winter  peak  and  an  almost  complete  lack  of  rain  in  summer.  Based  on  an  objective 
classification  of  Weather  Types  (WT’s)  developed  for  the  UK  (Jenkinson  and  Collison, 
1972)  and  adapted  for  the  present  puipose,  daily  values  of  SLP  were  used  to  define  10 
different  WPs  according  to  vorticity  and  prevailing  direction  of  geostrophic  wind  flow. 
In  a  previous  work,  statistically  significant  relationships  were  found  between  monthly 
values  of  precipitation  and  monthly  frequencies  (number  of  days)  of  relevant  WT's,  i.e. 
Cyclonic  (C),  Southwestern  (SW)  and  Western  (W)  types.  In  the  present  work  monthly 
frequencies  of  these  three  relevant  CWT’s  covering  the  winter  period  1946-90  were 
used  to  predict  monthly  mean  values  of  precipitation  at  18  stations  over  Portugal. 
Multiple  regression  models  were  therefore  developed  for  each  station  using  three  most 
relevant  WT*s  as  predictors.  Each  model  was  calibrated  using  winter  months  and  then 
validated  against  March  observations,  all  models  revealed  a  good  capacity  in 
reproducing  the  temporal  variability  of  March  precipitation,  especially  the  conspicuous 
decline  that  has  been  observed  since  the  60's.  Although  the  models  present  similar 
values  of  explained  variance  over  the  country  (v80%).  relative  importance  of  each  WT 
is  distinct  from  station  to  station,  a  strong  decrease  (increase)  being  observed  in 
importance  of  C  (W)  type  from  South  to  the  North.  Obtained  results  put  into  evidence 
the  different  mechanisms  of  precipitation  in  Portugal,  orographic  and  cyclogenic 
activity  being  relevant  respectively  in  the  North  and  South  of  Portugal. 


PLIOCENE  WARMTH  IN  MEDITERRANEAN  AREAS: 
RECONSTRUCTION  FROM  POLLEN  DATA 

S.  Fauouette'.  J.  Guiot'  and  J.-P.  Sue’  J 

‘Institut  Mediterraneen  d’Ecologie  et  de  Pal^o&ologie,  F  iculte  Saint- 
Jerome,  Marseille,  France,  ^Centre  de  Paleontologie  strati  ^aphique  et 
Paieo&ologie,  Universite  Claude  Bernard,  Lyon,  France 

The  Pliocene  was  the  last  time  where  there  is  good  evidence  that  climate 
was  significantly  warmer  than  the  present  time.  So,  it  is  important  to 
quantify  this  last  warming-up.  Climatic  reconstructions  from  Pliocene 
pollen  data  cannot  be  based  on  modem  analogue  methods,  as  Pliocene 
pollen  spectra  contain  mixture  of  taxa  that  do  not  grow  together  today. 
A  new  method  that  uses  a  climatic  amplitude  method  has  been  carried 
out  especially  for  the  Pliocene.  It  relies  on  climatic  ranges  tolerated  by 
plants.  The  climatic  requirements  of  the  main  taxa  represented  in  the 
pollen  spectra  have  been  defined  on  the  basis  of  8000  modem  pollen 
spectra.  The  method  have  been  applied  to  several  Pliocene  pollen 
sequences  of  the  Mediterranean  area.  Both  temperatures  and 
precipitations  were  higher  than  the  modem  ones,  especially  at  the 
northern  latitudes.  Our  results  are  comparable  with  sea  surface 
temperatures  and  with  5'®0  variations  obtained  for  the  same  period. 


FLUCTUATIONS  IN  NORTH  ATLANTIC  HURRICANE 
FREQUENCY 

J.  B.  Eisner 

Department  of  Meteorology,  Florida  State  University,  Tallahassee,  FL 
32306-4520  USA 

The  annual  record  of  hurricane  activity  in  the  North  Atlantic  from 
1886-1996  is  examined  using  time-series  analysis.  Singular  spectrum 
analysis  (SSA)  combined  with  the  maximum  entropy  method  (MEM)  is 
applied  to  the  time-series  of  annual  hurricane  occurrences  to  extract  the 
dominant  modes  of  oscillation.  The  annual  frequency  of  hurricanes  is 
modulated  on  the  biennial,  semi-decadal,  and  near-decadal  time  scales. 
The  biennial  and  semi-decadal  oscillations  correspond  to  two  well-known 
physical  forcings  in  the  local  and  global  climate.  These  are  th?  shift  in 
tropical  stratospheric  winds  between  an  east  and  west  phase  (QBO), 
and  a  shift  in  equatorial  PaciBc  Ocean  temperatures  between  a  warm 
and  cold  phase  (ENSO).  These  climate  signals  have  previously  been  im¬ 
plicated  in  modulating  Atlantic  hurricane  activity  on  the  inter-annual 
time  scale.  The  near-decadal  oscillation  is  a  new  finding.  Separate  anal¬ 
yses  on  tropical-only  (TO)  and  baroclinically-enhanced  (BE)  hurricane 
frequencies  show  that  the  two  components  are  largely  complementary 
with  respect  to  their  frequency  spectra.  The  spectrum  of  TO  hurricanes 
is  dominated  by  the  timescales  associated  with  ENSO  and  the  QBO, 
while  the  near-decadal  timescale  dominates  the  spectrum  of  BE  hurri¬ 
canes.  Speculations  as  to  the  cause  of  the  near-decadal  oscillation  BE 
hurricanes  center  on  changes  in  Atlantic  SSTs  possibly  through  changes 
in  evaporation  rates,  perhaps  as  a  result  of  changes  in  solar  activity. 
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CLIMATE  VARIABILITY  IN  ORENSE  (SPAIN)  IN  THE  LAST 
300  YEARS 


THE  HNE  STRUCTURE  OF  THE  SPECTRAL  MAXIMA  OF  VARIATIONS 
OF  SEA  LEVEL,AIR  PRESSURE  AND  AIR  TEMPERATURE  FOR 
PERIODS  FROMSEVERAL  DAYS  TO  SEVERAL  MONTHS. 


L.Gimeno(l),  A.,Rua  (2)  ,  L.  de  la  Torre  (1),  C. 

Gonzalez (1) 

(1)  Facultad  de  Ciencias  de  Orense,  Univeridad  de 
Vigo,  (2)  Departamento  de  Estadistica,  Universidad 
Complutense  de  Madrid. /Fax  34  88  387159 

Orense  is  an  Spanish  town  placed  in  the  Northwest 
of  the  Iberian  Peninsula.  Its  meteorological 
station  register  data  only  since  1950,  although 
Orense  has  the  particularity  of  having  an 
extremely  ammount  of  historic  documents  with 
references  to  the  weather  of  the  town.  The 
objective  of  this  study  is  to  reproduce  two 
climatic  variables  (temperature  and  precipitation) 
for  the  last  three  centuries  by  means  of 
historical  sources  and  to  analyze  the  climate 
variability.  The  great  density  of  data  permit  us 
to  know  natural  variability  of  climate  in  a  single 
point 


E.V.  Ivanova,  Moscow  State  University,  Moscow,  Russia 

V.V.Ivanov,  Institute  of  Marine  Geology  &Geophysics,  Yuzhno-Sakhalinsk, 

Russia. 

The  several  broad  maxima  of  spectrum  of  variations  of  sea  level,  air  pressure 
and  air  temperature  are  existed  inside  the  diapazone  of  periods  from  several 
days  to  several  months.  The  periods  corresponded  to  maximal  values  are 
located  near  to  the  same  position  for  spectra  of  the  air  pressime,  air 
temperature  and  sea  level,  which  are  recorded  in  the  different  points.  The 
main  maxima  are  located  near  to  the  period  15  days,  30  days  ,  45  days.  We 
have  analyzed  the  dependence  of  the  form  and  positions  of  the  spectral  line 
on  duration  of  the  sample  for  case  of  the  sample  durations  from  1  to  40  years 
in  case  of  the  points  Holmsk  (  47.0  N,142.0  E)  and  Temey  (  45.1  N,  136.5  E) 
in  lime  interval  from  1950  to  1990.  These  maximal  values  are  discovered  for 
different  samples  if  the  sample  duration  is  less  than  1  year.  For  case  of  the 
sample  duration  more  than  2  year  the  maxima  are  split  for  several  separate 
maioma.  If  we  increase  ^e  sample  duration,  the  positions  of  the  separate 
maxima  do  not  change  essential ,  but  the  widths  of  maxima  get  smaller  and 
the  heights  of  maxima  increases.  If  the  sample  duration  is  more  than  8  year 
this  is  Se  line  spectrum  .  Instead  of  several  maxima  we  have  received  the 
several  groups  of  lines,  strips.  Each  strip  contains  several  lines.  The  distances 
between  the  lines  of  the  separate  strip  are  near  to  the  the  same  and  near  to 
the  value  2  pi  /  365  1/d^.  The  most  essential  lines  of  the  second  strip 
correspond  to  periods  27.3  and  29.5  days.  These  are  the  periods  of  the 
rotation  of  the  Moon. 


GLACIAL  ATLANTIC  SURFACE  TEMPERATURES  BASED  ON 
NEW  DATA  AND  A  SEMI-INVERSE  OCEAN  MODEL 

B.  Grieger 

Universitat  Bremen,  FB  5  —  Geowissenschaften,  Postfach  33  04  40,  D-28334 
Bremen,  Germany. 

A  “SIMPLE  ocean”  model  has  been  developed,  which  estimates  surface  currents 
in  a  diagnostic  manner  from  surface  winds.  Horizontal  heat  transports  by  ad- 
vection  and  diffusion  and  surface  heat  fluxes  are  used  to  calculated  sea  surface 
temperatures  (SSTs).  The  unknown  transports  from  the  deep  ocean  are  in¬ 
versely  calculated  from  sparse  SST  data.  The  model  can  be  understood  as  a 
method  to  estimate  a  global  SST  field  from  a  sparse  data  set,  where  it  takes 
into  account  the  wind  driven  surface  currents. 

In  a  control  run  for  the  modern  ocean,  SST  data  from  the  core  top  samples  of 
about  200  CLIM.\P  sedimentary  cores  were  used.  The  resultant  global  annual 
mean  SST  field  matches  the.  observations  with  a  root  mean  square  error  of 
LSo'C.  A  glacial  run  based  on  the  glacial  CLIMAP  SSTs  at  the  core  sites  al¬ 
ready  exhibited  considerable  deviations  from  the  CLIMAP  2’  x  2®  interpolation 
in  regions  where  no  data  existed. 

For  a  second  glacial  run,  new  .Atlantic  tore  data  provided  by  the  Sonder- 
forschungsbereich  313  in  Kiel  and  the  S  >nderforschungsbeteich  261  in  Bremen 
have  been  used.  The  complete  SST  field  utimated  with  the  SIMPLE  ocean  model 
is  presented  and  compared  with  the  CI^'.NLAP  reconstruction. 


PERSISTENCY  OF  LL'NAR  SIGNAL  I'N  A  PRECIPITATION  DATA  SERIES 
L.  Hejkrlmk 

Czech  Hydrometeorological  Institute,  P.  O.  Box  2, 400  1  i  Zstm  nad  Labem, 

Czech  Republic,  Fax:  -e420  47  492  45,  e-mail:  hejkrlikgchmi.cz 

The  phenomenon  of  dependence  of  precipitation  amounts  on  the  lunar  phase 
{synodical  month)  has  been  studied  since  the  1960s  in  details  by  numerous  authors  in 
many  countries,  e.  g.  in  Australia,  Czechoslovakia,  Italy  and  especially  thoroughly  in 
the  USA.  Data  from  thousands  stations  covering  period  of  more  than  50  years  were 
subjected  to  rigorous  tests  with  conclusion  that  the  association  of  lunar  phases  with 
heavy  rainfall  is  real.  The  statistical  method  applied  in  these  works  had  often  been  a 
modification  of  method  of  superposition  of  epochs  (MSE).  The  results  proved  that 
extreme  precipitation  events  vary  nearly  simultaneously  over  all  regions  of  the  Earth 
and  that  they  occur  more  frequently  on  the  third  to  fifth  day  after  syzygies.  The 
concurrence  and  angular  uniformity  of  the  phenomenon  have  been  questioned  during 
last  few  years  a  that  is  base  for  this  attempt  to  study  statistical  characteristics  of  results 
of  MSE  applied  on  a  very  long  precipitation  series  of  Prague-Klementinum 
(1805-1996).  Despite  largely  shared  belief  of  two-extremal  course  of  mean 
prec  ipitation  during  synodical  month  this  snidy  indicates  that  this  is  rather  exceptional 
and  that  there  are  quasi-linear  shifts  on  the  curves  of  synodical  signal  with  time  scale 
of  tens  of  years,  not  comparable  with  basic  periods  of  lunar  orbit. 


NORTH-ATLANTIC-EUROPEAN  ATMOSPHERIC  CIRCULATION 
CHANGES  BETWEEN  THE  EARLY  INSTRUMENTAL  PERIOD 
AND  THE  RECENT  CENTURY 

I.  lacnheit.  C.  Beck  and  A.  Philipp 
Geographical  Institute,  University  of  Wurzburg 
jucundus.jacobeit@mail.uni-wuerzburg.de 

Within  the  EU-Project  ADVICE  ("Annual  to  Decadal  Variability  in  Climate 
in  Europe")  changes  of  climate  and  atmospheric  circulation  since  1780  are 
investigated  on  the  basis  of  early  instrumental  observations.  Using  monthly 
mean  SLP  grids  for  the  North- Atlantic-European  region  reconstructed  back 
to  1780  by  Jones  et  al.  (CRU  1997)  an  objective  classification  has  been 
developped  based  on  EOF  and  cluster  analyses.  Comparing  the  early  in¬ 
strumental  period  (1780-1860)  with  the  recent  century,  changes  in  frequen¬ 
cy  and  seasonal  distribution  are  revealed  for  some  of  the  resulting  circula¬ 
tion  patterns.  Furthermore,  some  72  temperature  and  62  precipitation 
series,  respectively,  from  Central  Europe  are  used  to  select  warm,  cold, 
wet  and  dry  months  since  1780.  SLP  grids  from  these  months  are  submitted 
to  T-mode  principal  component  analyses  in  order  to  derive  basic  circulation 
patterns  associated  with  these  climate  anomalies.  Comparing  explained 
variances  between  the  early  instrumental  period  and  the  recent  century  gives 
indications  about  climate-related  atmospheric  circulation  changes. 


COMPARISON  ANALYSIS  OF  SECULAR  VARIATIONS  OF  SOLAR, 
GEOMAGNETIC  AND  METEOROLOGICAL  PARAMETERS 


P.V.  Kishcha  and  I.V.  Dmitrieva 

Institute  of  Terrestrial  Magnetism,  Ionosphere  and  Radio  Wave  Propagation, 
Russian  Academy  of  Sciences,  142092,  Troitsk,  Moscow  region,  Russia. 

kishcha@izmiran.troitsk.ru;  pmaster@lars.izmiran.troitsk.su  /Fax:  (7-095)  334 
0124 


Long  series  of  sunspot  numbers  and  indices  of  geomagnetic  activity  from  1868  to 
1990  have  been  examined  by  the  method  of  cross-correlation  analysis.  Secular 
variations  of  the  23-year  running  correlation  between  the  sunspot  numbers  and  the 
parameters  of  geomagnetic  activity  with  a  characteristic  period  of  about  50  years 
have  been  obtained.  The  selected  secular  variations  of  solar-geomagnetic  coupling 
have  been  compared  with  long-term  variations  of  two  solar  indices  that  are  potential 
proxy  measures  for  the  solar  irradiance:  the  length  of  the  sunspot  cycle  and  the  Hoyt 
&  Schatten’s  composite  index.  It  has  been  shown  that  fluctuations  of  these  indices 
relative  to  their  linear  trend  change  their  sign  in  accordance  with  the  secular 
variations  of  the  solar-geomagnetic  coupling.  Long-term  fluctuations  of  the  Earth 
global  land-air  surface  temperature  anomalies  relative  to  their  linear  trend  have  a 
period  of  about  50  years  and  show  a  good  agreement  with  the  secular  variations  of 
the  solar-geomagnetic  coupling. 
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RAPID  CLIMATIC  VARIATIONS  AND  MAGNETIC 
MINERALOGY  CHANGES  IN  NORTH  ATLANTIC  SEDIMENTS. 

Kissel,  C,  Laj,  C.,  Elliot,  M.  and  L.  Labeyrie 

Centre  des  Faibles  Radioactivit6s,  CNRS-CEA,  Gif-sur-Yvette,  France. 

kissel@cfr.cnrs-gif.fr 

High  resolution  magnetic  analyses  of  four  cores  located  in  the  northern 
part  of  North  Atlantic  are  presented.  The  cores  are  disctributed  along  an 
E-W  transect  between  60  and  62°N  from  the  Faeroe  islands  (cores  ENAM 
93-21  and  core  MD95-2009),  the  Gardar  drift  (core  SU90-33)  and  the 
Irminger  basin  (core  SU90-24).  The  study  has  been  focussed  on  climatic 
stage  3  during  which  variations  in  the  low  field  magnetic  susceptibility  are 
correlated  with  temperature  changes  over  Greenland  as  observed  from  the 
ice  cores. 

Changes  in  low  field  magnetic  susceptibility  illustrate  variations  in  both 
concentration  and  grain  sizes  of  magnetites  and  Ti-magnetites.  The 
Heinrich  events  are  characterized  by  low  concentration  of  relatively  fine 
grained  magnetic  particles.  On  the  contrary,  during  interstadials  3  to  13 
(Dansgaard-Oeschger  events)  high  concentrations  of  relatively  coarse 
magnetic  grains  are  observed.  The  results  of  a  high  resolution  (2  to  10  cm 
intervals)  study  of  magnetic  hysteresis  parameters  will  be  also  reported 
and  discussed 

The  possible  origin  for  these  variations  in  the  magnetic  properties  of  the 
sediment  will  be  discussed  in  the  known  climatic  framework  of  this 
region. 


CHANGES  IN  THE  STRENGTH  OF  THE  ICELAND-SCOTLAND 
OVERFLOW  WATER  IN  THE  LAST  200,000  YEARS:  EVIDENCE 
FROM  MAGNETIC  ANISOTROPY  ANALYSIS  OF  CORE  SU90-33 

C.  Laj  (1),  C.  Kissel  (1),  G.  Auffret  (2),  A.  Vangrieshem  (2) 

(1)  Centre  des  Faibles  Radioactivit6s,  CNRS-CEA,  Gif-sur-Yvette,  France. 

(2)  IFREMER,  Lab.  Environnements  S6dimentaires,  Brest,  France 

The  anisotropy  of  magnetic  susceptibility  combined  with  mineral 
magnetic  analysis  is  used  as  paleo-bottom  current  indicator.  The  degree 
of  anisotropy  illustrates  the  degree  of  preferential  alignement  of 
elongated  magnetic  particles,  in  turn  related  to  the  strength  of  the  bottom 
current.  Results  are  reported  for  core  SU90-33  located  (60°34'4N, 
22'’05'1W)  at  2400m  water  depth  along  the  Iceland-Scotland  overflow 
water  (ISOW).  This  core  spans  the  last  6  climatic  stages.  The  main 
magnetic  mineral  is  low  Ti-content  magnetite  with  very  slight  downcore 
changes  in  the  grain  size.  Both  the  susceptibility  record  and  the  changes 
of  the  proportion  of  smectite  in  the  clay  fraction  are  climatically 
controlled  with  lower  values  during  glacial  than  during  interglacial 
periods.  The  degree  of  anisotropy  is  significantly  larger  during 
interglacial  periods  than  during  glacial  times.  These  changes  provide 
evidence  that  the  strength  of  the  contour  current  associated  to  the 
transport  of  the  ISOW  appears  to  have  been  significantly  larger  during 
climatic  stages  5,  3  and  I  than  during  stages  6,  4  and  2.  Measurements  in 
modem  North  Atlantic  sediments  will  be  also  presented. 


SEA  SURFACE  SALINITY  RECONSTRUCTION  OF  THE  INDIAN 
OCEAN  DURING  THE  LAST  GLACIAL  MAXIMUM  (ABOUT 
18,000  YR  B.F.) 

Ki.Liaasle  (1).  J.C.  Duplessy  (2) 

(I)  Laboratnire  d'Oc^aniigraphie  Dynamique el  de  Cliniatoingie,  University  Pierre  et 
Marie  Curie.  Paris,  (2)  Centre  des  Faibles  Radinactivites,  Ciif-sur-Yvette.  France 
nal  @lu(Iyc.jus.sicu.  fr  /  Fax :  3  3- 1  -de-l?-!?- 1 0 

The  oxygen  isotope  composition  of  planktonic  foraminiferal  tests  includes 
contributions  from  sea  surface  temperature,  global  ice  volume  and  ItK'al  salinity.  To 
reconstruct  surface  water  salinity  in  the  Indian  Ocean  at  the  last  glacial  maximum 
(about  18,(HX)  yr  B.P,)  we  have  used  the  method  developped  by  Duplessy  et  al., 
1991.  This  method  is  based  on  a  comparison  between  inmsfer  function  estimates  of 
sea  surface  temperature  and  the  oxygen  isotope  ratio  of  planktonic  foraminiferal 
tests.  For  our  study  we  have  used  a  eommon  planktonic  foraminiferal  species  in  the 
Indian  Ocean,  C.  ruber .  O.  ruber  is  considered  to  live  preferentially  in  the  upper  part 
of  the  cuphotic  zone  (.surface  dweller)  and  to  prefer  warm  conditions.  We  first  used 
core-top  analyses  to  demonstrate  that,  under  mtxlem  conditions,  the 
p.iIeotemperatures  determined  from  the  isotopic  composition  of  foraminiferal  shells 
are  linearly  linked  to  the  sea  surface  temperature  of  the  warmer  montli.  We  then  used 
thi.s  information  to  derive  an  estimate  of  the  isotopic  composition  and  salinity  of  the 
Indian  Ocean  surface  water  during  the  lust  glacial  maximum.  For  the  Iransfert 
function  we  have  used  ice  age  sea  surface  temperatures  reconstructed  by  CLIMAP 
(1981).  This  sea  surface  salinity  estimation  enables  us  to  reconstruct  changes  in  the 
Indian  Ocean  monsoon  and  changes  in  sea  surface  circulation  at  the  last  glacial 
maximum  in  the  Indian  Ocean. 


STUDY  OF  PERSISTENCE  OF  SSTA  FROM  ATLANTIC  OCEAN  BY 
MEANS  OF  MARKOV  MODEL 

Ileana  Mares,  C.Maies  (National  Institute  of  Meteorology  and 
Hydrology,  Bucuresti-Ploiesti  No.97, 71552,  Bucharest,  Romania) 

Monthly  values  of  SSTA  (Sea  Surface  Temperature  Anomalies), 
defined  in  522  points  in  the  Atlantic  Ocean  (75*W-10'’E,70°N  -  70'’S) 
in  the  period  1948-1994,  have  been  analysed.  The  autocorrelation 
function  which  approximates  the  signal  series  is  assumed  that 
satisfies  a  Markovian  process  under  the  form  C  exp(-  A|kD.  In  order 
to  estimate  C  and  A,  Ae  autocorrelation  function  was  truncated  until 
a  lag  where  it  becomes  negative.  In  the  paper,  for  each  point,  the 
decreasing  rate  (A),  signal  level  (C),  the  effective  time  (Tq)  and 
signal  -to-noise  ratio  ate  presented  and  discussed.  Concerning  Ae  Tg 
values,  which  estimate  the  persistence  level,  in  the  Northern 
Hemisphere  the  values  between  5  and  7  months  are  dominant,  except 
for  some  areas  situated  between  equator  and  10°  N,  as  well  as  around 
the  latitude  of  30°  N  .where  the  persistence  is  lower  than  5  months, 
while  in  the  regions  (45°N  -  60°N ;  45°W  -  20°W)  and  (10°N  -  20°N  ; 
70°W-50°W),  the  memory  of  SST  anomalies  is  within  the  interval  of 
7  to  9  months  with  isolated  points  which  have  even  1 1  months. 


AFRICAN  AND  ASIAN  MONSOON  CHANGES  AT  6000 
BP  INFERRED  FROM  A  FULL  COUPLED  OCEAN- 
ATMOSPHERE  MODEL. 

O.  Marti.  P.  Braconnot  and  S.  Joussaume  (Laboratoire  de  Modyiisation  du  Climat 
et  de  rEnvironnement,  CEA  Saclay,  DSM/LMCE,  F91191  Gif  sur  Yvette  Cydex, 
France. 

African  and  Asian  monsoons  were  enhanced  at  6  ka  BP  in  response  to  an  increased 
summer  insolation.  Simulations  of  the  Paleoclimate  Modeling  Intercomparison 
Project  (PMIP)  reproduce  this  increase,  but  the  northward  extend  of  monsoon  rain 
suggested  by  lakes  and  pollen  data  in  North  Africa  is  underestimated.  PMIP 
simulations  have  been  performed  using  atmospheric  models  with  present  day  surface 
conditions.  Part  of  the  mismatch  could  therefore  be  attributed  to  the  neglected 
feedbacks  from  ocean  and  vegetation. 

Here,  we  investigate  the  role  of  the  ocean  in  the  6  ka  BP  climate  change  using  the 
IPSL  (Paris,  France)  coupled  ocean-atmosphere  model  with  no  flux  correction  at  the 
air-sea  interface.  For  the  6  ka  BP  simulation,  only  the  orbital  parameters  have  been 
changed  and  set  to  those  of  6  ka  BP,  compared  to  the  coupled  control  simulation. 
The  change  in  sea  surface  seasonal  cycle  helps  to  further  enhanced  the  monsoon  in 
Africa  and  Asia  compared  to  simulations  with  the  atmospheric  model  only  forced  by 
PMIP  type  surface  conditions.  Over  Africa  the  coupling  introduces  a  northward  shift 
of  the  ITCZ  over  the  continents  which  however  is  not  sufficient  to  match  the  data. 
The  changes  of  meridional  heat  transport  are  opposite  in  the  two  fluids,  the  oceanic 
changes  being  larger  except  during  the  peak  of  the  summer  monsoon.  In  the 
Atlantic,  the  northward  oceanic  heat  transport  across  the  equator  vanishes  at  6  ka 
BP,  but  is  relayed  by  the  transport  by  the  monsoon  winds. 


DYNAMICALLY  CHARACTERISTIC  OF  THE  ATMOSPHERE 
PARAMETERS  DURING  INTENSIVE  MAGNETIC  STORMS 

Lj.  Mihajlovic,  S.  Mihajlovic,  M.  Obradovic 
(Geomagnetic  Institute  Grocka,  11306  Grocka,  Yugoslavia) 

It  is  well  known  that  Solar  activity  has  a  great  influence  to  the  upper 
atmosphere  features.  The  alternation  of  corpuscular  radiation 
strength,  causes  great  changes  of  atmospheric  parameters.  The 
correlation  between  dynamically  characteristic  of  the  atmospheric 
parameters  (air  pressure,  air  temperature,  humidity  and  quantity  of 
falls)  and  variation  of  geomagnetic  activity  is  presented.  In  this  paper, 
authors  established  the  correlation  between  average  daily  air 
temperature  and  index  of  geomagnetic  activity  (K)  in  time  of  intensive 
geomagnetic  storms.  That  correlation  is  obsen/ed  in  the  course  of 
hours  at  days  when  magnetic  storms  are  detected  in  Belgrade  area. 
Solar  geomagnetic  activity  and  temperature  changes  could  be 
observed  like  external  factors  of  increase  number  of  calling  from 
individual  groups  of  diseases.  In  this  paper,  dynamical  characteristic 
number  of  calling  from  KV  diseases,  psychosis,  cancer  of  the  lungs, 
in  the  time  of  intensive  magnetic  storms  registrations,  when  big 
changes  of  air  temperature  have  been  registered  in  Belgrade. 
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CLIMATIC  CHANGES  IN  THE  LAST  MILLENNIUM 

Nils-Axel  Momer 

Paleogeophysics  &  Geodynamics,  Sweden,  momer  @  pog.su.se 

When  the  glacial  eustatic  sea  level  rise  finished  in  Mid-Holocene  time, 
a  long-term  deceleration  in  the  Earth's  rate  of  rotation  ended,  and,  by 
that,  the  Earth  came  into  a  new  dynamic  mode  where  the  feed-back 
interchange  of  angular  momentum  between  the  solid  Earth  and  the 
hydrosphere  got  a  dominant  role  for  the  distribution  of  heat  (recor¬ 
ded  in  the  regional  paleoclimatic  changes)  and  mass  (recorded  in  the 
regional  sea  level  changes)  due  to  its  effects  on  the  ocean  circulation. 
At  around  800-1000  AD,  the  Earth's  rate  of  rotation  changed.  This 
initiated  -  as  the  beating  on  a  cord  -  a  sequences  changes  between 
"Super-non-ENSO"  condi-tions  (around  950  AD),  "Super-ENSO" 
conditions  (around  1100  AD)  and  a  second  period  of  "Super-non- 
ENSO"  conditions  (responsible  for  the  so-called  Medieval  Warm 
Optimum  around  1250  AD).  The  cold  periods  in  1440-1460,  1687- 
1703  and  1808-1821  (or  "Little  Ice  Ages")  in  relation  to  the  Sporer, 
Maunder  and  Dalton  sunsput  minima  seem  all  to  represent  similar 
oceanographic  circulation  changes  in  the  North  Atlantic  and  not  any 
decrease  in  solar  irradiance. 


1997  TEMPERATURES  ARE  HIGHEST  ON  RECORD; 
SHOULD  IT  BE  ATTRIBUTED  TO  THE  GLOBAL  WARMING? 


J.  Otterman  (LAOR;  at  NASA/GSFC,  Greenbelt,  MD  20771, 
USA.  phone  (301)  286-1312;  fax:  (301)  286-1757), 

R.  Atlas,  J.  Angell,  E.  Anyamba,  J,  Ardizzone,  D.  Starr 
(starr^climate.gsfc.nasa.gov),  J.  Susakind,  J.  Terry 


Globally-averaged  surface  air  temperature  for  1997  appears  to  be  the 
hipest  on  record.  T^is  should  not  be  necessarily  attributed  to  the 
global  warming,  since  in  1997  two  (seemingly  unrelated)  positive 
temperature  anomalies  occurred;  (1)  a  very  large  positive  Februaij'- 
March  anomaly  over  continental  band  55-65  *N,  apparently  resulting 
from  strong  westerlies  in  the  N.  Atlantic  and  N.  Pacific,  and  (2)  the 
El  Nifio  phase  of  the  Southern  Oscillation.  From  our  calculations 
these  two  events  contributed  a  substantia]  fraction  of  the  global  1997 
yearly  anomdy. 


DANSGAARD-OESCHGER  OSCILLATIONS:  A  HYDRODYNAMIC 
THEORY 

W.R.  Peltier  (1).  K.  Sakai  (2) 

(1)  (I^paitment  of  Physics,  University  of  Toronto,  (2)  Institute  of  Hydrologic  and 
Atrticspheric  Science,  University  of  Nagoya,  Japan 
peitier@atmosp.physics.utoronto.ca/Fax:  1-416-978-8905) 

The  millennium  timescale  climate  variability  that  is  so  clearly  evident  through 
Oxygen  Isotope  Stage  3  of  the  last  glacial  cycle  has  come  to  be  referred  to  as 
consisting  of  disdnct  Dansgaard-Oeschger  oscillations.  These  appear  in  the  oxygen 
isotopic  time  series  derived  from  Summit  Greenland  ice  cores  as  bundles  which 
appear  to  define  a  “Bond  cycle"  whose  characteristic  period  is  approximately  10  kyr 
and  which  appear  to  be  initiated  by  individual  “Heinrich  events".  We  have 
developed  a  series  of  models  which  explore  the  extent  to  which  the  D-0  oscillation 
may  be  understood  to  be  a  natural  mode  of  internal  variability  of  the  thermohaline 
circulation  of  the  Atlantic  ocean  that  exists  under  glacial  boundary  conditions.  As 
we  have  shown  (Sakai  and  Peltier,  1997,  J.  Clim.  )  our  model  of  the  THC  actually 
“fibrillates"  in  response  to  the  anomalous  P-E  forcing  that  is  required  to  reduce  the 
high  latitude  salinity  to  the  low  values  that  are  known  to  characterize  the  glacial 
state.  More  recently  this  same  Hopf  bifurcation  mediated  transition  has  been  shown 
to  occur  in  a  simple  box  model  which  is  a  modest  extension  of  that  originally 
introduced  by  Stommel.  With  the  latter  model  it  has  also  proven  possible  to 
acceptably  mimic  the  Bond  cycle  by  modulating  the  applied  P-E  anomaly  in  the 
way  suggested  by  the  repetitive  nature  of  the  Heinrich  events. 


CLIMATIC  RECONSTRUCTION  IN  EAST  AFRICA  FOR  6,000  YR 
B.P.  FROM  POLLEN  DATA 

O.  Pevron  R.  Bonnefille ',  D.  Jolly^  and  J.  Guiot^ 

(1)  CNRS,  CEREGE,  B.P  80,  13545  Aix-en-Provence,  France ;  (2)  IMEP,  CNRS, 
case  451,  fac.  de  St-Jerome,  F-13397,  Marseille  cedex  13,  France ;  (3)  GSG,  Depart, 
of  Plant  Ecology,  Lund  University,  SSIvegatan  37,  S-223  62  Lund,  Sweden 

Comparisons  of  reconstructed  paleoclimates  from  proxy-data  with  AGCM 
simulations  provide  a  way  to  evaluate  mechanisms  of  climate  changes  and  to 
test  how  well  models  simulate  the  climates  of  the  past.  The  6ka  time  slice  is 
a  major  focus  of  the  paleoclimate  modelling  community.  Africa  is  a  key  region 
to  study  changes  in  monsoon  strength  and  extension  through  time.  To 
provide  quantitative  and  spatial  estimations  of  the  6  ka  climate  in  East  Africa, 
we  used  three  different  methods  :  (1)  the  classic  best  analogues  method  ;  (2) 
the  best  analogues  method  with  a  lake-level  constraint;  (3)  the  plant 
functional  type  method  based  on  a  combination  of  pollen  types  grouped 
according  to  plant  ecology. 

A  modern  pollen  dataset  including  450  samples  and  a  dataset  of  33  pollen 
samples  for  6  ka  were  used.  The  bioclimatic  parameters  reconstructed  are 
the  moisture  index  and  the  annual  precipitation  amount.  Results  shows  an 
East  Africa  climate  globally  wetter  at  6ka  than  today.  This  feature  is 
consistent  with  the  lake-levels  which  were  higher  than  at  present.  Results  are 
spatially  consistent  but  the  reconstructed  climate  for  the  sites  located  at  very 
high  elevation  is  less  good. 


INTERDECADAL  CLIMATE  VARIABILITY  OVER  THE  NORTHERN 
BLACK  SEA  COAST  ASSOCIATED  WITH  THE  CHANGES  IN  THE 
COUPLED  OCEAN-ATMOSPHERE  SYSTEM 

A.B.Polonsky,  and  E.N.Vokresenskaya 

Marine  Hydrophysical  Institute  of  the  Ukrainian,  Academy  of  Sciences,  2 
Kapitanskaya  St.,335  000,  Sevastopol,  Republic  of  the  Crimea,  UKRAINE 

The  aim  of  the  talk  is  to  discuss  the  low-frequencychanges  of  the  hydrometeorological 
and  hydrographicparameters  overthe  coastal  zoneof  theNorthemBlackSeageneratedby 
the  global  changes  in  thecoupled  ocean-atmosphere  sytem.  Regional  archive  ofthe 
Marine  Hydrophysical  Institute  for  1950  to  1994was  used  for  the  analysis  of 
high-amplitude  decadaltointerdecadalvariabilityoftemperatureandsalinity  in  the 
N.W.BIack  Sea.The  typical  magnitudeof  the  decadal  changes  of  monthlySST/SSSin 
thissea  region  is  of  lC/1.5psu,  High-correlated  decadal-scale  changes  of  the 
sealevelpressure  over  theNorth  Atlantic,  of  the  air  temperature  and  precipi-tation  over 
the  Crimea,  and  of  theBlack  Sea  riverdischarges  in  1906  to  1994  were  examined  using 
mon-thly  and  yearly  historical  data  sets.Our  recent  andearlier  results  shown  that  the 
decadal-scale  varia-bility  in  the  coupled  system  over  the  North  Atlant-ic  Ocean  Is  due 
mostlyto  the  inherent  changesofthe  oceanic  meridional  heat  fluxes  there.  The 
asso-ciated  changes  of  temperature, pressure  and  cyclonicactivity  over  the 
Central/EastemEurope  cause  theBlack  Sea  coastal  changes. 


GLOBAL  AND  REGIONAL  OPTIMAL  AVERAGES  AND  ASSO¬ 
CIATED  ERROR  ESTIMATES  OF  ANNUAL  OBSERVED  SUR¬ 
FACE  TEMPERATURE  ANOMALY. 

N.A.Rayner  (1)  and  T.M. Smith  (2) 

(1)  Hadley  Centre  for  Climate  Prediction  and  Research,  Meteorological  Office, 
U.K.,  (2)  NO.LA  Climate  Prediction  Center,  Washington  D.C.,U.S.A.. 
nraynerfcneto . gov . uk 

Global  and  regional  optimally  averaged  combined  land  air  and  sea  surface  tem¬ 
perature  anomalies,  with  respect  to  1961-90,  are  presented  with  their  associ¬ 
ated  uncertainties.  The  optimum  averaging  procedure  uses  covariance  EOFs  of 
observed  surface  temperature  anomalies,  combined  with  data  from  the  NO.AA 
National  Centers  for  Environmental  Prediction  Reanalysis  over  the  poles,  to 
specify  their  statistical  structure.  Input  data  were  gridded  annual  5°  area  Cli¬ 
matic  Research  Unit  land  ait  temperature  and  Meteorological  Office  Historical 
Sea  Surface  Temperature  (MOHSST6)  anomalies.  The  latter  were  first  cor¬ 
rected  before  1942  for  changes  in  instrumentation  with  time.  Estimates  of  the 
sampling  uncertainty  of  each  gridded  anomaly,  and  the  uncertainty  of  the  in¬ 
strumental  corrections  were  input.  The  results  are  an  average  of  the  available 
annual  data,  combined  according  to  their  reliability  and  position  with  respect  to 
the  main  modes  of  variability  of  the  field,  and  an  estimate  of  the  possible  error 
in  this  average  allowing  for  all  data-voids.  Decadal  average  error  estimates  are 
calculated  using  annual  errors.  From  this  we  can  say  that  the  decade  1988-1997 
was  significantly  warmer  than  the  decade  1978-1987  and  all  previous  decades 
back  to  the  1860s. 
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COMBINED  DYNAMICAL  AND  STATISTICAL  MODELLING  FOR  THE 
INTERPRETATION  OF  IN  SITU  PALEO  RECORDS 

Bernhard  K.  Reichert  and  Lennart  Bengtsson 

Max-Planck-Institute  for  Meteorology,  Bundesstr.  55,  20146  Hamburg,  Germany 
Email:  reichert@dkrz.de,  phone:  -hdO  40  41 173  130,  fdx:  +49  40  41 173  298 

Recent  proxy  data  obtained  from  ice-core  measurements,  dendrochronology  and 
valley  glaciers  provide  important  information  on  the  evolution  of  the  regional  or  local 
climate.  General  Circulation  Models  integrated  over  a  long  period  of  time  could  help 
to  understand  the  forcing  mechanisms  (external’ and  internal)  of  natural  climate 
variability.  For  a  systematic  interpretation  of  local  paleo  proxy-records,  a  combined 
method  of  dynamical  and  statistical  modelling  is  proposed.  It  is  anticipated  to  simulate 
local  paleo  records  by  first  undertaking  a  model  consistent  statistical  downscaling  and 
then  use  a  forward  modelling  approach  to  obtain  the  behaviour  of  valley  glaciers  and 
the  growth  of  trees  under  specific  conditions.  The  simulated  records  can  be  compared 
to  actual  proxy-records  in  order  to  investigate  whether  e  g.  the  response  of  glaciers  to 
climatic  change  can  be  reproduced  by  models  and  to  what  extent  climate  variability 
obtained  from  proxy-records  (last  millenium)  can  be  represented.  For  statistical 
downscaling,  a  multiple  linear  forward  regression  model  is  used  with  the  assumption 
that  local  weather  conditions  can  be  determined  by  targe  scale  flow  patterns  of  the 
atmosphere.  For  any  locally  observed  weather  parameter,  sets  of  large-scale  predictors 
at  various  pressure  levels  are  used.  It  is  found  that  daily  data  are  required  due  to  strong 
dependence  on  individual  synoptic  scale  patterns.  For  development  of  the  model,  daily 
values  of  ECMWF-Reanalysis  data  are  used.  The  results  of  the  statistical  model  are 
then  applied  to  a  long  integration  of  an  ECHAM4  /  Mixed  Layer  Ocean  experiment 
and  a  GCM  simulating  preindustrial  climate  variability. 


THE  ROLE  OF  THE  INDONESIAN  THROUGHFLOW  IN  EQUA¬ 
TORIAL  PACIFIC  THERMOCLINE  VENTILATION 
Keith  Rodgers 

Max  Planck  Insitute  fur  Meteorologie,  Hamburg,  Germany. 

The  role  of  the  Indonesian  Throughflow  (ITF)  in  the  ventilation  of  the  equa¬ 
torial  thermocline  of  the  Pacific  Ocean  is  explored  using  a  primitive  equation 
ocean  circulation  model.  Model  results  for  a  model  domain  with  an  open  In¬ 
donesian  passage  are  compared  with  tuns  for  a  closed  Pacific  domain.  Three 
cases  are  presented:  a  tun  with  no  throughfiow,  a  run  with  10  Sv  of  imposed  ITF 
transport,  and  a  run  with  20  Sv  of  imposed  ITF  transport.  For  each  case  the 
model  is  forced  at  the  sea  surface  with  seasonally  varying  wind  stress  fields,  and 
surface  heat  fluxes  are  calculated  using  an  atmospheric  boundary  layer  model. 
Two  idealized  tracers  are  advected  online  to  distinguish  between  thermocline 
waters  of  northern  and  southern  origin  which  ventilate  the  equatorial  ther¬ 
mocline.  There  are  two  principle  findings  to  this  study;  first,  that  the  mixing 
ration  of  northern  to  southern  component  waters  in  the  equatorial  thermocline 
is  highly  sensitive  to  the  ITF  transport,  and  second,  that  the  sea  surface  tem¬ 
perature  in  the  eastern  equatorial  Pacific  exhibits  a  strong  sensitivity  to  the 
ITF  transport.  The  implications  for  thermal  budgets  in  the  Pacific  Ocean  ate 
discussed. 


LATEGLACIAL  AND  HOLOCENE  CLIMATIC  HLSTORY  IN  GREAT 
BRITAIN  FROM  LAND  SNAR-  ASSEMBLAGES. 

D.D.  Rousseau.  (Unlverslte  Montpellier  II, 
Paldoenvlronnements  &  Palynologic,  Iirstltut  des  Sciences  dc 
I'Evolution,  UMR  CNRS  5554,  ca-se  61,  pi.  E.  Bataillon,  34095 
Montpellier  cedex  05  France),  R.  Preece  (Department  of 
Zoology,  University  of  Cambridge,  Cambridge,  United 
Kingdom)  &  N.  Limondin-Lozouet  (CNRS.  Laboratoire  de 
Cdographie  physique  (URA  CNRS  141),  1,  place  A.  BRIAND, 
92195  Meudou  Cedex  -  France). 

Here  we  present  a  high  resolution  record  from  a  Latcglacial- 
Holocene  land  snail  succession  from  S.E.  England. 
Temperature  estimates,  derived  from  the  best  analogues 
technique,  indicate  a  cooling  trend,  between  14,500  and 
12,600  cal  BP,  of  4°  in  summer  and  8°  in  winter  to  the 
Younger  Dryas  event.  The  strong  warming  following  the 
Younger  Dryas  stadial  corresponds  to  increasing  values  of 
the  same  magnitude  in  600  years.  A  cooling  event,  weaker 
than  the  Younger  Dryas,  of  1“  in  both  seasons  is  recorded 
between  8,000  and  8,500  cal  BP.  These  rcconsiruetions  from 
an  European  Holocene  continental  sequence  arc  in 
agreement  with  fluctuations  already  described  in  North 
Atlantic,  Mediterranean,  and  ice  cores  and  African  and 
Tibetan  lakes  records. 


MULTIFRACTAL  “NATURAL  CLIMATE  VARIABILITY” 

F.  Schmitt,  (Institut  Royal  Metdorologique,  Sect.  Ciimatologie  Dynamique,  3 
avenue  circulaire,  B- 1 1 80  Bruxelles), 

In  order  to  detect  a  possible  anthropic  influence  on  climate  one  needs  an  accurate 
modelling  of  “natural  climate  variability”.  This  modelling  is  usually  done  with  a 
Gaussian  noise,  used  as  input  into  climate  models.  With  a  carefull  scaling  analysis, 
using  wavelets,  we  show  that  various  climate  data  show  multifraetal  statistics:  they 
are  scaling  and  intermittent,  with  extreme  events  much  more  frequent  than  would 
give  a  Gaussian  noise.  This  indicates  that  Gaussian  noise  or  random  walk  strongly 
underestimate  the  variability.  The  latters  are  additive  processes  whereas  multifractals 
correspond  to  multiplicative  processes,  displaying  long-range  correlations. 

In  the  framework  of  this  more  realistic  modelling  of  natural  climate  variability, 
it  is  quite  possible  that  the  recent  “proofs"  of  human  influence  on  climate  no  longer 
hold. 


18  KA  BIOMES  RECONSTRUCTED  FROM  POLLEN  AND  PLANT 
MACROFOSSIL  DATA  FROM  NORTHERN  EURASIA : 
PALAEOCLIMATIC  INTERPRETATION 

P.E.  Tarasov  (I)  and  J.  Guiot  (1) 

(1)  Laboratoire  de  Botanique  Historique  et  Palynologic,  Marseille 

Newly  compiled  pollen  and  plant  macrofossil  data  from  northern  Eurasia  were  used 
to  reconstruct  vegetation  of  the  last  glacial  maximum.  That  reconstruction  was  done 
with  a  quantitative  method  of  biomization  (Prentice  el  al,  1996).  At  18  ka  tundra 
dominated  a  large  area  north  of  57''N  latitude  at  the  place  of  modem  cold  deciduous 
and  taiga  forests.  Cool  steppe  was  reconstructed  south  of  that  latitude  where  cool 
mixed  and  temperate  deciduous  forests  grow  today.  Taiga  appeared  northeast  of  the 
Black  Sea,  ca  1500  km  south  of  its  present  limit  in  the  European  Russia,  while  in 
south-western  Siberia  taiga  was  reconstructed  only  slightly  south  of  its  southern  limit 
today,  suggesting  the  influence  of  the  Scandinavian  ice  sheet  was  more  pronounced 
west  of  the  Urals.  Broad-leaved  trees  were  confined  to  the  eastern  coast  of  the  Black 
Sea,  where  cool  mixed  and  cool  conifer  forests  reconstructed  at  18  ka.  The  limited 
pollen  data  from  central  Asia  and  Mongolia  do  not  provide  evidences  that  vegetation 
was  substantially  differ  from  today.  Reconstructed  vegetation  changes  have  been 
explained  by  the  global  cooling  and  change  in  the  atmospheric  circulation.  Dry  and 
cold  north-easterly  winds  from  the  Scandinavian  glacial  anticyclone  entered  eastern 
Europe  and  southward  shift  of  the  westerly  jet  caused  wetter  conditions  in  southern 
Europe  as  far  as  western  Georgia.  These  results  are  a  contribution  to  the  IGBP- 
PAGES  sponsored  Biome6000,  PEPIII  and  PMIP  projects. 


AN  ANALYSIS  OF  ITALIAN  LONG  TEMPERATURE  AND 
PRECIPITATION  TIME  SERIES 

L.  Vaccaro  (*),  A  M.  Siani  (*),  A.  Pilozzi  (**),  F.  Mangianti  (*♦*) 
and  S  Palmieri  (*) 

(*)  University  of  Rome  “La  Sapienza”,  Dept  of  Physics,  Piazzale  A. 

Moro  2,  00185  Rome,  Italy 

(**)  Consulting  meteorologist,  Rome,  Italy 

{***)  UCEA  ,Via  del  Caravita  7a,  00186  Rome,  Italy 

A  preliminary  analysis  of  a  number  of  Italian  temperature  and  daily 
rainfall  long  time  series  is  offered.  After  a  preliminary  investigation 
of  time  series  homogeneity,  the  investigation  is  carried  out  in  order 
to  detect  trends,  abrupt  changes  or  frequency  peaks,  indicators  of 
climate  change.  A  discussion  of  results  is  offered  in  the  frame  of 
climate  model  simulation  output. 


C322 


VARIATIONS  OF  THE  DEUTERIUM  EXCESS  OVER  THE  LAST 
CLIMATIC  CYCLE  IN  THE  VOSTOK  ICE  CORE 

F.  Vimeux  fl),  V.  Masson  (1),  J.  Jouzel  (1),  M.  Stievenard  (1)  and  J.R. 
Petit  (2) 

(1)  Laboratoire  de  Moddlisation  du  Climat  et  de  I’Environnement,  CEA 
Saclay,  France,  (2)  Laboratoire  de  Glaciologie  et  Gdophysique  de 
I’Environnement,  CNRS,  Grenoble,  France 

Isotopic  records  measured  along  polar  ice  cores  are  currently  used  to 
reconstruct  paleotemperatures.  In  order  to  obtain  additional  information 
on  the  water  cycle,  attention  has  been  more  recently  paid  to  the  deuterium 
excess  (d),  defined  as  the  deviation  from  the  meteoric  water  line  :  d  =  5D 
-  86'*0.  Simple  isotopic  models  have  shown  the  dependency  of  d  to  the 
characteristics  of  the  moisture  source  (sea  surface  temperature,  relative 
humidity,  surface  wind  speed). 

We  have  measured  a  continuous  deuterium  excess  profile  over  the  last 
climatic  cycle  back  to  150  kyr  along  the  Vostok  ice  core.  The  d 
fluctuations  are  interpreted  in  terms  of  changes  in  the  moisture  origins. 

A  strong  anticorrelation  between  d  and  obliquity  suggests  a  modulation 
of  high  latitudes  moisture  sources  by  changes  in  sea  ice  extent. 

High  values  of  d  during  cold  stage  5d  compared  with  lower  d  values 
during  cold  stages  2,  4  and  6  could  be  explained  by  the  superimposition 
of  two  effects  at  stage  5d  :  less  moisture  from  the  high  latitudes  (a  lower 
atmospheric  circulation  at  high  latitudes),  and  more  moisture  from  the 
low  latitudes  (tropical  ocean  still  warm  during  stage  5d). 


SEASONALITY  OF  LOW-FREQUENCY  VARIABILITY  IN 
EARLY-INSTRUMENTAL  TEMPERATURES 
S.L.  Weber  and  M.V.Shabalova 

Royal  Netherlands  Meteorological  Institute  (KNMI),  P.O.  Box  201,  3730  AE 
De  Bilt,  The  Netherlands. 

Earlier  analyses  of  instrumental  data  (e.g.  Briffa  and  Jones,  1993)  showed  the 
existence  of  season-specific  features  of  natural  climate  variability  on  timescales 
up  to  a  few  decades.  It  is  often  argued  that  on  longer  timescales  variability 
is  independent  of  seasonality.  We  have  addressed  this  issue  by  analysing  the 
7  long  early-instrumental  temperature  records  available  for  Europe.  Spatially 
coherent  oscillations  are  identified  by  applying  (Multichannel)  Singular  Spec¬ 
trum  Analysis.  Analysing  summer  and  winter  records  separately,  we  found  that 
the  patterns  of  low-frequency  variability  (timescales  larger  than  50  years)  are 
clearly  season-specific.  This  holds  both  with  and  without  the  inclusion  of  the 
industrial  segment.  Winter  temperatures  show  a  slow  warming,  which  is  syn¬ 
chronous  at  all  locations.  Summer  temperatures  exhibit  a  timescale  of  about 
150  years  with  a  complex  spatial  pattern.  Variability  on  this  timescale  is  masked 
in  the  annual-mean  data,  because  fluctuations  in  summer  and  winter  tend  to 
cancel.  This  implies  that,  also  on  longer  timescales,  summer  and  winter  temper¬ 
ature  patterns  are  controlled  by  different  mechanisms.  Consequently,  networks 
of  paleo  proxies,  which  are  used  for  reconstructing  low  frequency  variability 
patterns,  have  to  be  seasonally  homogeneous.  Joint  analysis  of  seasonally  ho¬ 
mogeneous  paleo  and  early-instrumental  data  sets  shows  consistent  variability 
patterns. 
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SENSITIVITY  OF  THE  ATMOSPHERIC  GENERAL  CIRCULA¬ 
TION  MODEL  ECHAM  3  TO  DIFFERENT  GLACIAL  SEA  SUR¬ 
FACE  TEMPERATURES 
■.  U.Wyputta 

UnWersitat  Bremen,  FB  5  —  Geowissenschaften,  Postfach  33  04  40,  D-28334 
Bremen,  Germany. 

Model-data  comparisons  within  the  Paleoclimate  Modelling  Intercomparison 
Project  (PMIP)  exhibit  disagreements  between  the  model  output  and  the  proxy 
data  in  some  regions.  These  disagreements  may  either  be  caused  by  model 
inaccuracies  or  by  unproper  boundary  conditions  used  by  PMIP. 

Here,  the  sensitivity  of  the  atmospheric  general  circulation  model  ECH.\M  3 
to  different  boundary  conditions  for  the  last  glacial  maximum  is  investigated. 
In  a  first  experiment  the  model  is  forced  by  CLIM.VP  sea  surface  temperatures 
(SSTs)  as  agreed  upon  within  PMIP.  For  a  sensitivity  study  the  CLIM.-VP  SSTs 
in  the  North  Atlantic  are  replaced  by  new  reconstructions  of  Sarnthein  et  al. 
Compared  with  the  results  based  on  PMIP  boundary  conditions,  the  changes  of 
the  model  response  to  modified  SSTs  are  very  local  and  quite  strong.  Changes 
of  the  atmospheric  parameters  like  surface  air  temperature  occur  mainly  over 
the  North  Atlantic  and  Eurasian  continent.  The  results  of  this  investigation 
suggest  that  uncertainties  in  SST  are  important  and  may  account  for  some  of 
the  model-data  disagreements. 


SENSITIVITY  OF  THE  CLIMATE  OF  A  GCM  TO  THE 
BOUNDARY  LAYER  PARAMETERIZATIONS 

V.A.Alexeev.  J.R.Bates  (Niels  Bohr  Institute  of  Astronomy,  Physics  and 
Geophysics,  University  of  Copenhagen,  Juliane  Maries  Vej  30,  DK-2I00,  Copen¬ 
hagen  O,  Denmark) 

The  sensitivity  of  the  Global  AGCM  [1]  to  the  parameterization  of  vertical 
diffusion  in  the  boundary  layer  has  been  studied.  Two  PBL  packages  (Helfand 
and  Labraga  [2]  and  Z.Janjic  [3])  are  being  compared  in  climatic  runs  for  the  two 
years  1987  and  198S  with  prescribed  sea  surface  temperatures.  The  sensitivity 
of  the  model’s  angular  momentum  cycle  and  poleward  transport  of  energy, 
which  are  climatically  of  great  importance  was  the  main  subject  of  interest 
in  this  study.  These  and  other  model  properties  for  the  two  vertical  diffusion 
schemes  are  compared  both  in  long-term  (2  year)  runs  and  short-term  (4  month) 
ensemble  integrations. 

[1]  J.R.Bates,  S.Moorthi,  and  R.W.Higgins,  1993:  A  global  multilevel  atmo¬ 
spheric  model  using  a  vector  semi-lagrangian  finite-difference  scheme.  Part  I: 
adiabatic  formulation.  Mon.  Wea.  Rev.,  Vol.121,  244-263. 

[2]  Helfand,  H.M.,  and  J.C.Labraga,  1988:  Design  of  a  non-singular  level 
2.5  second  order  closure  model  for  the  prediction  of  atmospheric  turbulence.  J. 
Atmos.  Sci.,  45.  113-132. 

[3]  Janjic,  Z.I.,  1994:  The  step-mounttun  coordinate  model:  further  devel¬ 
opment  of  the  convection,  viscous  sublayer,  and  turbulence  closure  schemes. 
Mon.  W'ea.  Rev.,  Vol.122,  No.5,  927-045. 
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THE  INTERACTION  BETWEEN  INTRASEASONAL  AND  INTERANNUAL 
VARIABILITY  AND  ITS  RELEVANCE  FOR  THE  SEASONAL 
PREDICTABILITY  OF  THE  ASIAN  SUMMER  MONSOON. 

Annamalai.  H  and  J.M.  Slingo  (CGAM,  Department  of  Meteorology,  University  of 
Reading.  Reading.  UK) 

Using  ECMWF  and  NCEP  Rcanalyses  the  dominant  modes  of  interannual  and 
intrascasonal  variability  have  been  identified.  These  show  a  common  mode  which 
describes  the  latitudinal  displacement  of  the  Tropical  Convergence  Zone  from  its 
oceanic  to  continental  regime.  On  intraseasonal  timescales  this  mode  appears  to 
describe  the  active/break  cycles  of  the  monsoon  associated  with  northward 
propagating  events.  Using  these  results,  the  relationship  between  intraseasonal 
variability  and  seasonal  mean  anomalies  has  been  investigated. 


IMPACT  OF  SST  FORCING  ON  THE  MONSOONS  OF  1987/88 
K.  Arpe  and  P.  Tschuck 

Max-Pianck-Institut  fiir  Meteorologie,  Hamburg.  D-20146  Germany. 
arpeOdkrz.de 

The  interaction  between  ENSO  and  the  monsoon  was  pronounced  during 
the  MONEG  years  1987/88.  Some  of  the  AMIP  simulations  carried  out  with 
ECHAM  captured  the  difference  between  the  poor  and  the  good  Indian  mon¬ 
soon  in  these  two  years.  The  importance  of  the  SST  is  investigated  by  rerunning 
the  model  without  SST  anomalies  for  different  starting  dates  in  early  to  late 
spring.  Results  for  Indian  rainfall  and  upper  level  velocity  potential  will  be 
shown,  and  the  importance  of  the  SST  forcing  compared  to  impacts  from,  e.g. 
the  land  surface  discussed. 


SIMULATION  OF  INTERDECADAL  HEAT 
STORAGES  AND  HEAT  BUDGETS  I.\  THE 
UPPER  400  m  OF  THE  PACIFIC  OCEAN 

Guillermo  Auad.  Arthur  J.  Miller.  Ha/re/i  B.  White 
Climate  Research  Division.  Scripps  Institution  of  Oceanography. 
9500  Gilman  Dr,  La  Jolla.  CA  92093 
e-mail:  guillo^ucsd.edu. 

We  use  a  primitive  equation  isopycnal  model  of  the  Pacific  Ocean 
to  simulate  and  diagnose  the  anomalous  heat  balance  on  inter- 
.  decadal  timescales  associated  with  heat  storage  changes  observed 
from  1970-SS  in  tlie  XBT  dataset.  Given  the  smallness  of  the  in- 
terdecadal  signals  compared  to  the  dominant  ENSO  signal,  the 
agreement  between  model  and  observations  is  remarkably  good 
and  encourages  future  studies  aiming  to  shed  light  on  the’poorly 
understood  iiUerdeeaflal  timescalo. 

The  interdocadal  total  {diabalic  plus  adiabatic)  heat  balance  in  the 
North  Pacific  Ocean  is  characterized  by  a  complicated  interplay  of 
dilTerent  physical  processes,  especially  revealed  in  basin-scale 'av¬ 
erages  of  the  the  heat  budget  components  which  have  comparable 
amounts  of  variance. 

The  diabatic  heat  balance  north  of  24" .N.  can  be  simplified  to  a  bal¬ 
ance  between  the  tendency  term  .  surface  heat  flu.v  and  meri«iionaI 
advection.  tlic  latter  term  dominated  by  anomalous  advoction  of 
mean  temperature  grailients. 

.yi  important  finding  is  the  identification  of  two  interdecatlal 
timescales,  roughly  10  y  and  20  y,  both  similar  to  tliose  reporteil 
by  other  investigators.  The  20-y  timescale  is  only  present  m  dia- 
batic  heat  budget  components,  while  the  10-y  timescale  is  present 
in  both  diabatic  and  adiabatic  components.  The  role  of  the  at- 
mo.spheric  forcing  by  surface  heat  flux  is  far  more  important  for 
interdocadal  timescales  than  for  ENSO  timescales. 


DO  WESTERLY  MIND  BURSTS  LIMIT  ENSO  PREDICTABILITY? 

M.  Balmaseda.J.  Alves,  D.  Anderson,  J.  Segsehneider  and  T.  Siockdale. 

European  Centre  for  Medium  Range  Weather  Forecast  Shinfleld  Park.  Reading  RG2 
9AX.uk 

A  conceptual  model  for  ENSO  is  that  of  the  Delayed  Oscillator,  according  to  which 
ENSO  would  consist  in  a  redistribution  of  energy  in  the  upper  ocean  with  a  timescale 
determined  by  ocean  wave  dynamics.  Under  this  scenario,  the  tropical  atmosphere 
would  play  a  passive  role,  acting  as  a  "slave"  of  the  ocean.  Several  models  that  showed 
significant  skill  in  ENSO  predictions  were  based  on  these  hypothesis. 

Thanks  to  the  great  improvement  of  the  observing  system  over  the  last  decade  it  has 
been  possible  to  monitor  the  development  of  a  large  El  Nino  event  right  from  the 
beginning.  The  occurrence  of  strong  westerly  wind  burst  preceding  (or  triggering?)  the 
onset  of  the  96/97  El  Nino  suggests  that  the  high  frequency  variability  of  the 
atmosphere  may  play  a  more  important  role  in  ENSO  than  previously  thought.  This 
fact  may  have  relevant  consequences  for  seasonal  predictability.  The  development  of 
the  96/97  El  Nino  as  analyzed  and  forecast  by  the  ECMWF  will  be  presented,  and  the 
role  of  the  westerly  wind  bursts  discussed. 


COMPARING  SIGNALS  OF  ENSO  AND  NAO  FOR  SELECTED  REGIONS 
OF  THE  NORTHERN  HEMISPHERE 

J.  Bartholy,  R.  PongrSez  (Department  of  Meteorology,  E6tv6s  University  Budapest, 
Hungary) 

It  has  been  demonstrated  that  ENSO  phenomenon  influences  many  climatic  variables 
of  different  regions  of  the  Earth.  TTie  North  Atlantic  Oscillation  (NAO)  has  also 
some  climatic  effects.  However  the  accuracy  of  estimating  statistically  the  climatic 
variables  using  directly  indices  of  Southern  Oscillation  and  NAO  indices  are,  limited 
due  to,  among  others,  the  autocorrelation  and  multi-correlinearity  among  these 
variables.  The  main  idea  of  the  paper  is  to  develop  a  relationship  between  those 
indices  and  large-scale  patterns  of  atmospheric  circulation  over  the  area  examined. 
Then  an  analysis  of  atmospheric  circulation  patterns  (CPs)  is  used  to  explain  the 
linkage  between  large-scale  forcing  and  local  climatic  response  via  a  conditional 
probability  framework.  Given  such  a  relationship  the  accuracy  of  estimating  local 
climatic  variables  from  ENSO  can  be  expected  to  increase.  First,  the  CPs  will  be 
defmed  and  the  CP  time  series  will  be  described.  Then,  the  time  series  of 
hemispherical  large-scale  circulation  will  be  compared  for  the  different  oscillation 
events.  The  frequency  distributions  of  time  series  of  CP  types  under  different  phases 
were  compared.  Then,  for  the  new  systems  some  climate  parameters  were  compared. 
This  procedure  was  used  for  midlatitudes  in  the  Northern  Hemisphere  (Atlantic 
European  and  Western  U.S.  region). 


A  DYNAMICAL  STABILIZER  IN  THE  CLIMATE  SYSTEM: 

A  MECHANISM  SUGGESTED  BY  A  SIMPLE  MODEL 

J.R.Bates,  Danish  Center  for  Earth  System  Science,  University  of 
Copenhagen,  Juliane  Maries  Vej  30,  2100  Copenhagen  O. 
jrb@gfy.ku,dk 

A  fundamental  question  in  climate  research  is  that  of  how  climate 
stability  is  maintained.  A  simple  conceptual  atmosphere-ocean  model 
using  parameterizations  derived  from  observations  has  been  developed 
which  indicates  that  there  may  be  a  dynamical  mechanism  based  on 
the  poleward  angular  momentum  transport  (AMT)  contributing  to 
climate  stability.  A  study  of  the  observed  seasonal  variation  of  AMT 
across  30°  N  shows  that  it  can  be  parameterized  in  terms  of  tropical- 
e.xtratropical  SOOhPa  height  differences.  The  AMT  is  used  to 
determine  the  surface  winds  and  evaporation  in  the  model.  Infrared 
energy  loss  from  the  surface  is  parameterized  in  a  way  that  includes 
the  positive  water  vapour  feedback.  Analytical  solutions  are  obtained 
which  show  that  the  dynamical  feedback  due  to  the  AMT  counteracts 
the  water  vapour  feedback  and  holds  the  model  climate  stable. 
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INTRASEASONAL  KELVIN  WAVES  IN  THE  TROPICAL  PA¬ 
CIFIC 

R.E.  Benestad  (1),  R.T.  Sutton  (2)  and  D.L.T.  Anderson  (3) 

(1)  Klimaavdelingen,  DNMI,  Postboks  43,  Blindetn,  N-0313  Oslo,  Norway., 

(2)  CGAMP,  Dept,  of  Meteorology,  University  of  Reading,  Reading,  U.K, 

(3)  ECMWF,  Shinfield  Park,  Reading,  RG2  9AX,  U.K.. 

Equatorial  Kelvin  waves  are  a  prominent  component  of  the  intraseasonal  vari¬ 
ability  in  the  tropical  Pacific.  While  the  linear  theory  of  these  waves  has  long 
been  known  many  aspects  of  their  behaviour,  for  example  their  relationship 
to  ENSO,  remain  poorly  understood.  In  recent  years  the  development  of  the 
TAG  array  and  the  availability  of  accurate  altimetry  have  greatly  increased  our 
knowledge  of  intraseasonal  Kelvin  waves.  The  use  of  this  data  in  conjunction 
with  numerical  models  offers  an  unprecedented  opportunity  for  detailed  study 
of  these  waves. 

We  have  investigated  the  effect  of  ENSO  on  intraseasonal  Kelvin  waves  with 
an  OGCM  forced  with  realistic  surface  fluxes.  La  Nina  conditions  reduce  the 
west-east  Kelvin  wave  transmission  and  Kelvin  waves  are  slower  during  the 
cold  ENSO  phase.  The  intraseasonal  Kelvin  waves  are  more  strongly  damped 
during  La  Nina,  due  to  increased  viscosity,  (resolved)  eddy  energy  transport  by 
Tropical  Instability  waves,  and  downward  energy  propagation.  Partial  reflection 
off  the  west-east  sloping  thermocline  may  also  account  for  some  reduction  of 
the  Kelvin  wave  amplitudes  in  the  eastern  Pacific.  There  is  no  evidence  for 
wave  breaking,  or  energy  transfer  between  the  baroclinic  modes. 


THE  INFLUENCE  OF  MIDLAITTUDE  OCEAN/ATMOSPHERE  COUPLING  ON  THE 
LOW-FREQUENCY  VARIABILITY  OF  A  GCM  WITH  TROPICAL  SST  FORCING 

Tleana  Blade 

JISAOAJnivcrsity  of  Washington,  Seattle,  WA,  USA. 
ilcana@atmos.washington.edu  ■ 

In  this  study  we  investigate  the  impact  of  midlatitude  occan/atmosphcrc  interactions  on 
the  atmospheric  circulation  and,  in  parucular.  on  the  cxtratropical  response  to  ENSO- 
type  forcing.  Two  GCM  simulations  with  and  without  an  interactive  mixed-layer  ocean 
in  midlatitudes  and  with  realistic  SST  variabiiity  in  the  tropical  Pacific  are  performed. 
We  find  that  midiatitude  coupling  alters  the  spatial  organization  of  the  atmospheric 
low-frequency  variability  in  qualitatively  the  same  manner  (but  not  to  the  same  extent) 
as  tropical  SST  variability,  namely  by  selectively  enhancing  certain  of  the  preexisting 
(natural)  dominant  modes  without  significantly  modifying  them  or  generating  new 
ones.  While  tropical  SST  forcing  results  in  a  notable  amplification  of  the  PNA  mode  of 
the  model,  midlatitude  coupling  appears  to  favor  the  regional  zonal  index  circulations 
in  the  eastern  and  western  Pacific.  As  a  result,  coupling  qualitatively  modifies  the 
structure  of  the  extratropical  response  to  ENSO-like  tropical  SST  forcing  by  confetring 
Westem-Pacific-like  characteristics  to  this  remotely  forced  signal,  thereby  improving 
its  resemblance  to  the  observed  ENSO  teleconnection  pauem,  while  weakening  its  pro¬ 
jection  onto  the  PNA  mode.  Coupling  also  increases  the  persistence  of  the  overall  sig¬ 
nal.  The  simulated  covariability  in  the  Pacific  sector  possesses  the  same  kind  of 
intcrannual/intraseasonal  duality  exhibited  by  the  observations.  This  implies  that  two- 
way  air/sea  interactions  and  ocean  dynamics  may  not  play  an  essential  role  in  determin¬ 
ing  the  large-scale  spatial  structure  of  the  observed  dominant  modes  of  covariability. 


ON  LONG  EQUATORIAL  WAVE  REFLECTION 
J.-P.  Boulanger  (1)  and  C.  Menkes  (1) 

(1)  Laboratoire  d'Oeeanographie  Dynamiqueet  de  Climatologie,  Paris,  France. 
Long  equatorial  wave  reflection  at  the  Pacific  ocean  boundaries  are  studied  over 
the  period  October  1992-April  1997  using  TOPEX/POSEIDON  sea  level  and 
ERS  wind  stress  data.  At  the  eastern  boundary,  Kelvin  waves  are  observed  to 
reflect  into  first-mode  Rossby  waves  with  a  reflection  efficiency  of  ~th%  of  that 
of  an  infinite  meridional  wall.  However,  reflected  long  Rossby  wave  amplitudes 
are  observed  to  decrease  strongly  while  propagating  westward.  Indeed,  west  of 
HOW,  the  Rossby  signal  is  mainly  dominated  by  wind  forced  Rossby  waves 
and  not  by  Kelvin  reflection  at  the  eastern  boundary.  This  result  dismisses  the 
role  of  eastern  boundary  Kelvin  wave  reflection  as  a  major  contributor  to  the 
Rossby  signal  in  the  central  Pacific.  At  the  western  boundary,  the  reflection 
of  the  first  two  Rossby  waves  does  explain  most  of  the  Kelvin  wave  variance. 
The  large  contribution  of  the  second  Rossby  wave  reflection  to  the  Kelvin  wave 
illustrates  the  crucial  role  played  by  the  Papua-New  Guinea  asymmetric  coasts 
close  to  the  equator.  A  spectral  analysis  of  the  wave  and  wind  signals  in  the 
western  Pacific  shows  that  the  first  three  Rossby  waves  propagating  west  of 
the  dateline  are  mainly  wind  forced  near  the  dateline  at  periods  of  two  to 
four  years.  Finally  considering  only  the  low-frequency  component  of  the  wave 
signal,  the  reflection  efficiency  at  the  irregular  western  Pacific  ocean  boundary 
(mainly  the  Borneo/Indonesia/.4sia  and  Australia/New  Guinea  land  masses) 
is  estimated  to  be  around  50%  of  that  which  would  be  reflected  from  a  solid 
meridional  wall. 


A  STUDY  OF  SCALE  INTERATION  IN  THE  ANOMALIES  EQU- 

UATORIAL  ATLANTIC 

W.  Cabos,  M.J.  OrtizBevia  and  J.J.  Jimenez 

Departamento  de  Ffsica.  Universidad  de  Alcala.  Ctra.  Madrid-Barcelona  Km 
33,600,  Alcala  de  Henares,  E-28871  Madrid. 
jjjCw33.lsc.alcala.es/Fax:  [34]  1  885  49  42 

Different  simulations  of  the  interanual  variability  of  the  tropical  Atlantic  are 
intercompared.  While  the  evolution  of  the  episodic  warmings/coolings  is  mon¬ 
itored  through  the  zonal  and  meridonal  sea  surface  temperature  anomalous 
gradients,  the  generation  of  the  events  is  better  represented  in  terms  of  the 
anomalous  heat  content  of  the  surface  layers.  Thorugh  model  output  statistics, 
this  heat  content  can  be  related  to  other  features  of  the  simulation,  like  mixed 
layer  depth,  or  surface  currents.  The  interaction  between  scales  is  studied,  by 
including  among  other  variables,  some  derived  from  the  forcings  (anomalous 
wind  stress  and  curl)  through  integration. 


A  ESTUDYN  OF  HYDROLOGIC  VARIABLITY  OF  DOURO  RIVER 
BASIN 

I.  Caramelo  (Dept,  de  Ffsica  Unv.  de  Trans  os  Montes  e  Alto  Douro,  Vila 
Real,  Portugal) 

M.D.  Manso  Orgaz,  (Dept.  Ffsica,  Univ.de  Aveiro,  3810  Aveiro,  Portugal) 

Recently,  the  study  of  climate  variability  in  the  Iberian  Peninsula  has 
attracted  considerable  interest.  Knowledge  of  behaviour  and  evolution,  in  space 
and  time,  of  the  mathematical  series,  which  correspond  to  the  different  climate 
elements,  is  important  due  to  its  social  and  economic  repercussions.  In  this 
respect,  the  flow  series  and  precipitation  series  are  of  particular  importance. 

In  this  study,  the  variability  exhibited  by  those  series  at  the  Douro  River 
Basin,  as  well  as  the  analysis  of  the  principal  rotated  and  unrotated  components 
series  and  precipitation  series  are  investigated. 

Flow  and  precipitation  have  been  simulated  as  a  function  of  both  altitude 
and  the  estimated  laplacian  of  the  altitude.  The  results  obtained  with  the  models 
allow  us  to  relate  flows  and  precipitation  to  the  geographic  pattern  of  the  region. 

The  application  of  spectral  method  (Rapid  Fourier  Transform)  have  also 
shown  oscillations  which  are  characteristic  of  flow  and  precipitation. 


A  GENERICALLY  INTRASEASONAL  SOUTHERN  OSCILLA¬ 
TION  OF  THE  ATMOSPHERE-LAND  SYSTEM? 

Peter  Carl 

Max-Planck-Institut  fiir  Meteorologie,  Hamburg,  Germany. 

The  Southern  Oscillation  (SO)  has  recently  been  found  to  possess  a  structured 
low-frequency  (LF;  4-7  year)  band.  Coexistence  of  at  least  two  related  modes 
throughout  the  century  has  been  confirmed  by  the  present  author  in  a  study 
of  the  modal  structure  of  Indian  monsoon  time  series.  There  is  reasonable  sus¬ 
picion  that  one  of  these  modes  might  correspond  to  a  phenomenon  found  a 
couple  of  years  ago  in  an  in-depth  empirical  study  of  the  attracting  mani¬ 
fold  of  a  coarse-resolution,  two-layer,  tropospheric  General  Circulation  Model 
(GCM):  K  self-maintaining,  generically  intraseasonal  Southern  Oscillation  of 
the  atmosphere— land  system  that  develops  at  the  GCM  s  attractor  sets  under 
boreal  post-midsummer  conditions— although  temporally  fixed  SST  fields  are 
applied.  The  nature,  occurence  and  performance  of  this  SO  and  of  its  interan¬ 
nual  LF  ’daughter’  mode  are  presented  in  detail,  and  Indian  summer  monsoon 
(ISM)  as  well  as  SO  time  series  of  the  GCM  are  analyzed  in  view  of  their 
respective  interannual  to  interdecadal  modal  structures.  Internally  generated, 
centennial-scale  variability  that  exhibits  ’epochal'  character  is  traced  back  to 
constructive  interaction  across  the  annual  forcing  scale  of  ISM  retreat  dynamics 
resulting  in  a  biennial  mode,  the  annual  forcing  itself,  and  the  SO.  Preliminary 
comparison  to  observed  modal  structures  of  both  ISM  and  SO  is  made  in  view 
of  a  potential  method  of  GCM  verification. 
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ON  THE  MODAL  STRUCTURE  OF  INDIAN  MONSOON  ONSET 
Peter  Carl 

Max-Planck-Institut  fiir  Meteorologie,  Hamburg,  Germany. 

As  start-up  of  a  two-week  episode  that  results  in  establishment  of  the  Indian 
summer  monsoon  (ISM),  onset  over  Kerala  (MOK)  is  not  only  an  economi¬ 
cally  important  reference  signal  but  signifies  also  a  key  singularity  of  the  global 
seasonal  cycle.  Sampled  annually  once  at  intersection  between  climate  regimes, 
monsoon  onset  and  retreat  series  are  generally  viewed  here  to  represent  natural 
Poincare  sections  that  might  help  dismantling  topologically  relevant  climate  in¬ 
formation.  A  complex  dynamical  picture  is  inferred  from  the  scarce  data  base 
provided  by  high-quality  MOK,  northeast  monsoon  onset  (NEMO),  and  ISM 
retreat  series  which  are  available  for  different  timespans  of  the  1870-1990  pe¬ 
riod.  Synchronized  with  an  8  year  mode,  the  densely  populated  2-3  year  band 
exhibits  three  marked  components  centered  by  a  2.24  year  mode  that  leads 
NEMO.  A  relatively  strong  11  year  NEMO  mode  is  growing  throughgout  the 
century.  Prominent  MOK  modes  of  the  4-7  year  band  are  argued  to  belong 
to  distinct  atmosphere-land  and  atmosphere-ocean  oscillators.  MOK/NEMO 
phase  relationships  carried  by  the  latter  underwent  systematic  changes  dur¬ 
ing  the  20th  and  50th,  apparently  controlled  by  modified  beat  periods.  Both 
sunspot  and  double  (Hale)  cycles  appear  to  be  unimportant  in  the  dynamic  or¬ 
ganization  of  the  climate  system  as  reflected  in  these  series.  Frequency  relation¬ 
ships  and  their  changes  tend  to  follow  selection  rules  of  the  Farey  (continued- 
fraction)  tree.  Two  climate  fluctuations  of  the  century,  standing  out  as  shifted 
means  in  both  MOK  and  NEMO,  indicate  decadal-scale  interhemispheric  mass 
displacement  apparently  related  to  the  status  of  the  North  Atlantic  Oscillation. 


GLOBAL  CIRCULATION  PATTERNS  ASSOCIATED  WITH  ATMOSPHE¬ 
RIC  FORCING  BY  SEA  SURFACE  TEMPERATURE 

J.  M.  Castanheiraf  n.  C.  C.  DaCamara{2),  A.  Rocha(3) 

(1,3)  Department  of  Physics,  University  of  Aveiro,  3810  Aveiro,  Portugal 
(2)  Department  of  Physics,  University  of  Lisbon,  1000  Lisboa,  Portugal 
E-mail:  (1)  jcast@fis,ua.pt,  (2)  ccamara@correio.cc.fc.ul.pt,  (3)  arocha@fis.ua.pt 

In  this  study  an  assessment  is  made  on  the  interannual  variability  of  the  atmospheric 
circulation  simulated  by  an  R21  version  of  the  Melbourne  University  AOCM.  For 
this  purpose,  covering  the  period  1979-88,  an  ensemble  of  10  independent  simu¬ 
lations  has  been  produced,  the  model  being  forced  by  prescribed  fields  of  observed 
sea  surface  temperature  and  sea  ice  cover.  Internal  and  forced  variabilities  were 
analysed  throug  use  of  a  3-D  normal  mode  expansion  scheme  of  geopotential  and 
wind  fields,  allowing  a  separation  between  barotropic  and  baroclinic  as  well  as  gra- 
vltic  and  rotational  components.  A  complex  principal  component  analysis  (C-PCA) 
was  then  performed  on  barotropic  and  fourth  baroclinic  modes,  associated  with  both 
internal  and  forced  variabilities.  With  respect  to  modes  associated  with  internal 
variability,  the  PNA  teleconnection  pattern  appears  as  the  first  global  EOF  for  both 
barotropic  and  fourth  baroclinic  modes.  In  the  case  of  modes  associated  with  forced 
variability,  C-PCA  reveals  as  first  EOF  patterns  resembling  the  one  proposed  by 
Karoly  (1989,  J.  Climate,  2)  in  the  case  of  barotropic  and  the  Walker  Circulation  in 
the  case  of  fourth  baroclinic  mode.  PCs  associated  with  two  forced  patterns  present 
high  values  of  correlation  (resp.  95%  and  97%)  with  the  cold  longue  El  Nino  index. 
Results  of  projections  of  global  NCEP  reanalysis  (1973-96)  onto  forced  patterns,  as 
well  as  correlations  with  an  El  Nino  index,  will  finally  be  presented. 


ROLE  OF  INDIAN  OCEAN  SSTs  ON  THE  ASIAN  SUM¬ 
MER  MONSOON 

F.  Chauvin.  J.-F.  Royer  and  D.B.  Stephenson 

(Mdteo-Fraiice,  42,  avenue  G.  Coriolis,  31057  Toulouse  Cedex,  France) 

There  is  evidence  that  a  link  exists  between  ENSO  and  the  Asian  som- 
iner  monsoon,  but  the  mecanism  is  not  known  clearly,  particularly  the 
respective  parts  of  variability  of  the  monsoon  explained  by  remote  or 
local  impact  of  the  SSTs.  For  the  third  year  of  the  EEC  funded  SHIVA 
project,  we  propose  to  investigate  the  role  of  Indian  ocean  SSTs  on  the 
summer  monsoon.  For  this  purpose,  we  run  the  ARPEGE/CLIMAT 
GCM,  developed  at  Meteo- France.  The  model  is  forced  with  composite 
global  SSTs.  These  composite  fields  are  based  on  all  the  9  possible  com¬ 
binations  of  climatological  SSTs,  1987  and  1988  observed  SSTs  specified 
separately  for  the  Indian  and  Pacific  ocean  basins.  A  T31  troncature 
(grid  spacing  of  S.S")  has  been  choosen  for  this  experiment,  giving  a 
satisfactory  representation  of  the  Asian  summer  monsoon  at  a  low  com¬ 
putational  cost.  The  period  of  integration  starts  on  the  last  day  of 
February  and  finishes  at  the  beginning  of  October,  so  as  to  cover  the 
entire  period  of  the  Asian  summer  monsoon,  including  onset,  mature 
phase  and  retreat. 


TIME  SCALE  INTERACTIONS  OF  SST  VARIABILITY  IN  DIFFERENT  GCM 
SIMULATIONS 

D.  Dommenget  and  M.  Latif  (Max-Pianck-Institut  fuer  Meteorologie,  Bundesstr.  55, 
D-20146  Hamburg,  Germany) 

Analyses  of  monthly  mean  sea  surface  temperature  (SST)  from  different  coupled 
global  circulation  models  (GCMs)  were  conducted.  The  simulations  employ  a 
hierarchy  of  ocean  and  atmosphere  models  which  differ  in  the  spatial  resolution  and  in 
the  processes  simulated  in  the  ocean  models.  The  frequency  spectra  of  the  SST 
anomalies  are  basically  dominated  by  the  red  noise  characteristics  of  a  AR(l)-process, 
but  the  GCM  simulations  also  show  signifeant  differences  from  that  of  a 
AR(l)-prozess  over  large  regions.  In  general,  a  steeper  slope  relation  to  the  expected 
omega  to  power(-2)-slope  is  found  in  the  GCM  simulations.  This  can  be  attributed  to 
internal  low  frequenzy  variability  of  the  atmosphere  and/or  to  atmosphere-ocean 
interactions.  The  differences  due  to  atmosphere-ocean  interactions  are  important  for 
interannual  and  decadal  SST  variability  and  predictability.  They  will  be  further 
investigated  and  discussed  in  this  talk. 


THE  INFLUENCE  OF  SOLAR  VARIABILITY  ON  THE  VARI¬ 
ABILITY  OF  THE  CLIMATE  SYSTEM 
S.  Drijlbout  and  R.  J.  Haarsma 

Royal  Netherlands  Meteorological  Institute,  3730  AE  de  Bilt,  The  Netherlands. 
haarsmaCknmi.nl/Fax:  [31]  30  2210407 

The  role  of  solar  variability  as  a  cause  of  decadal  to  centennial  climate  change  is 
still  a  topic  of  debate.  We  assess  the  response  of  a  coupled  General  Circulation 
Model  (GCM)  to  an  estimate  of  the  solar  variability  since  1700,  and  to  a  series 
of  idealized  sinusoidal  solar  forcings  with  periods  ranging  from  11  to  160  years 
and  amplitudes  ranging  from  0.5  Wm~-  to  6.0  superimposed  on  a  con¬ 

stant  forcing  of  1365  W m~~ .  The  reponse  to  a  variable  solar  forcing  is  compared 
to  the  internal  variability  resulting  from  large-scale  ocean-atmosphere-sea-ice 
interactions.  It  is  found  that  iocally,  and  on  the  regionai  scale,  the  internal 
variability  dominates  and  that  a  variable  solar  forcing  hardly  affects  the  dom¬ 
inant  modes  of  variability  and  their  explained  variance.  On  the  continental  to 
global  scale  however,  and  averaged  over  periods  longer  than  30  years,  the  solar- 
induced  variability  dominates  internal  variability  in  the  averaged,  annual  mean 
surface  air  temperature  (S.AT).  This  seemingly  contradictionary  result  can  be 
explained  by  the  fact  that  the  internal  modes  of  variability  are  only  weakly 
correlated  with  changes  in  globally  averaged,  annual  mean  S.AT.  The  latter  is  a 
consequence  of  the  structure  of  all  the  internal  modes  of  variability,  which  are 
characterized  by  patterns  of  both  positive  and  negative  temperature  anomalies. 


HIGH  AND  LOW  FREQUENCY  INTRASEASONAL  VARIANCE  OF  OLR 
ON  ANNUAL  AND  ENSO  TIME  SCALES 

A.  H.  Fink  and  P.  Speih  (In,stitut  fiir  Geophysik  und  Meteorologie  der  Universitat  zu 
Kein,  Kerpener  Su.  13,  D-50923  KOln,  Germany) 

D.G.  Vincent  and  J.M.  Schrage  (Department  of  Earth  and  Atmospheric  Sciences, 
Purdue  University, West  Lafayette,  IN  47906,  U.S.A.) 

Using  20  years  of  outgoing  longwave  radiation  (OLR)  observations,  the  complex 
behaviour  of  the  higher  (6-25  day)  and  lower  (25-70  day)  frequency  bands  of  tropical 
intraseasonal  convective  oscillations  is  investigated  over  the  tropical  and  subuopical 
Indian  and  Pacific  Oceans  (including  Australasia).  Emphasis  is  given  to  the  mean 
annual  cycle  and  to  the  interannual  variability  of  both  bands  on  EbSO  time  .scales,  as 
well  as  to  the  interaction  between  the  two  bands.  The  strongest  intraseasonal  signals 
are,  for  the  most  part,  aligned  with  the  Intertropical  Convergence  Zone  (ITCZ)  and 
South  Pacific  Convergence  Zone  (SPCZ).  In  some  cases,  the  6-25  day  signal  is  not 
co-located  with  the  Madden-Julian  0.scillation  (bUO)  .signal  and/or  occurs  remotely 
from  the  ITCZ.  Over  the  equatorial  eastern  Indian  Ocean,  strong  activity  in  both 
bands  persists  throughout  the  year,  but  the  bands  are  found  to  fc  anti-correlated, 
regardless  of  the  ENSO  phase. 

The  effect  of  ENSO  time  scales  is  further  examined  by  looking  at  DJF  anomalies  for 
five  El  Niilo  and  two  La  Niila  events  during  our  20-year  sample.  A  well-defined 
re.sponse  of  the  two  bands  is  restricted  to  the  northwestern  and  central  Pacific.  Over 
the  northwestern  Pacific  Ocean  the  two  bands  complement  one  another  with  sup¬ 
pressed  (enhanced)  convection  occurring  during  El  Niilo  (La  Niila)  events.  Both 
bands  also  complement  each  other  over  the  equatorial  central  Pacific,  but  are  out-of- 
phase  with  tho.se  in  the  western  Pacific  on  ENSO  lime  .scales.  In  contrast,  over  the 
Australian  monsoon  region  and  the  eastern  Indian  Ocean,  neither  band  shows  a  uni¬ 
form  response  in  terms  of  anomalous  activity  when  the  latest  five  ENSO  warm 
events,  1977-78,  82-83, 86-87, 91-92  and  92-93,  are  considered. 
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QBO  SIGNALS  EM  THE  MONSOON  SYSTEM  EM  GCM 
EXPERIMENTS 

M  A  fiinrgetta.  L.  Bengtsson,  and  K.  Arpe 
Max-Planck-Insdtut  fur  Meteorologie,  20146  Hamburg,  Germany 
giorgetta@dkrz.de 

In  order  to  study  the  relationship  between  the  QBO  and  the  monsoon  system, 
GCM  experiments  have  been  performed,  using  the  ECHAM4  T42-L19 
model,  where  the  QBO  was  assimilated  by  a  linear  relaxation  technique.  A 
comparison  of  experiments  with  opposite  phases  of  the  QBO,  but  otherwise 
equal  boundary  condition,  showed  a  linear  relationship  between  the  change  in 
cloud  amount  and  change  in  temperature  at  100  hPa  in  regions  of  deep  con¬ 
vection.  The  QBO  related  signal  in  OLR  cloud  forcing  reinforces  the  QBO 
induced  temperature  signal  at  the  tropopause  further,  thus  providing  a  posi¬ 
tive  feedback  mechanism.  The  resulting  difference  in  precipitation  between 
the  easterly  QBO  and  westerly  QBO  experiments  reaches  100  to  150  mm/ 
month  in  the  equatorial  Indian  Ocean  in  winter  and  in  the  tropical  western 
Pacific  in  summer.  Thus  the  experiments  show  that  the  QBO,  which  is  driven 
by  tropical  waves  with  periods  of  a  few  days,  contributes  substantially  to  the 
interannual  variability  of  the  monsoon  system.  This  may  help  to  explain 
observed  biennial  components  of  the  variability  of  the  tropospheric  circula¬ 
tion. 


THE  INTERANNUAL  VARIABILITY  OF  THE  MADDEN- 
JULIAN  OSCILLATION  IN  AN  ENSEMBLE  OF  GCM  EXPER¬ 
IMENTS. 

S.  Gualdi  (1),  A.  Navarra  (1)  and  G.  Tinarelli  (2) 

(1)  IMGA-CNR,  Via  Gobetti  101, 40129,  BOLOGNA,  Italy,  (2)  ENEL-CRAM, 
Via  Rubattino  54,  20134,  MILAN,  Italy. 
gualdiCimga. bo. cnr.it/Fax:  [39]  51-639  8019 

The  interannual  variability  of  the  Madden-Julian  Oscillation  (MJO)  is  inves¬ 
tigated  in  an  ensemble  of  15  experiments  performed  with  the  ECHAM4  T30 
GCM.  The  model  experiments  have  been  performed  with  AMIP  conditions  from 
January  1979  to  December  1993.  The  MJO  signal  has  been  identified  by  means 
of  a  Principal  Oscillation  Pattern  (POP)  analysis  applyed  to  the  normalized 
ensemble  anomalies  of  the  200-mb  equatorial  velocity  potential. 

Some  evidence  of  a  sensitivity  of  the  simulated  MJO  activity  to  the  sea  sur¬ 
face  temperature  (SST)  over  the  equatorial  Indian  Oceaii  and  Pacific  is  found. 
The  interannual  variability  of  the  simulated  oscillation,  in  fact,  appears  to  be 
significantly  correlated  with  the  equatorial  SST  in  the  Indian  Ocean.  The  re¬ 
sults  indicate  also  a  clear  influence  of  the  El  Nino/Southern  Oscillatiori  phase 
on  the  spatial  distribution  of  the  intraseasonal  oscillation  activity  .  During  the 
warm  phases  of  ENSO,  the  largest  activity  appears  to  migrate  eastward  into 
the  central  Pacific,  whereas,  during  the  cold  phases,  the  strongest  activities  are 
confined  in  the  western  Pacific. 


ASSESSING  THE  INFLUENCE  OF  ENSO  FORCING  ON 
SYNOPTIC  ACTIVITY  IN  THE  TROPICAL  ATLANTIC. 

C.G.Jones  and  C.D.Thorncroft  ' 

Department  of  Meteorology,  University  of  Reading,  Reading  RG6 
6BB,  U.K. 

The  tropical  Atlantic  Hurricane  season  of  1997  was  unusually  inactive. 
Given  that  the  Sea  Surface  temperatures  (SSTs)  in  the  tropical  Atlantic 
were  slightly  warmer  than  the  long  term  mean  during  the  Hurricane  sea¬ 
son,  this  is  somewhat  surprising.  It  has  been  suggested  the  large  ampli¬ 
tude  El  Nino,  occurring  simultaneously  in  the  tropical  Pacific, 
contributed  to  the  relative  inactivity  in  the  Atlantic.  Physical  mecha¬ 
nisms  for  how  this  can  occur  are  unconvincing.  A  hierarchy  of  General 
Circulation  Models  and  high  resolution  Limited  Area  Models  along 
with  available  observational  data  sets,  will  be  used  to  assess  the  influ¬ 
ence  of  the  tropical  Pacific  oh  the  tropical  Atlantic  .  Results  will  be  re¬ 
ported  indicating .  by  which  mechanisms  anomalies  in  the  tropical 
Pacific  SSTs  can  directly  influence  synoptic  activity  in  the  tropical  At¬ 
lantic. 


MODIFIED  ERTEL-S  POTENTIAL  VORTICITY  ASA  CLIMATE  VARIABLE 
M.V.Kurgansky  (1)  and  I.A.Pisnichenko  (1,2) 

(1)  Russian  Academy  of  Sciences,  Obukhov  Institute  of  Atmospheric  Physics, 
Moscow, 

(2)  Centre  for  Weather  Forecast  and  Climate  Investigations/National  Instmite  of  Space' 
Research(CPTEC/INPE),  Cachoeira  Paulista-SP,  Brazil 

Existing  arbitrariness  in  Ettel's  potential  vorticity  (PV)  definition  is  used  to  arrive  at  an 
"optimal"  PV  modification  which  refers  to  minimum  (in  the  least  squares  sense)  of  the 
material  time-rate  of  change  of  PV  due  to  diabatic  heating  an  friction.  Simultaneously, 
a  problem  of  determination  of  an  idealised  atmospheric  climate  state  with  the  highest 
possible  degree  of  annihilation  of  diabatic  and  frictional  PV  forcing  is  solved.  A 
minimisation  procedure  is  applied  to  a  difference  of  informational  entropy  (IE)  values 
between  actual  air  mass  distribution  on  PV  values  over  each  Hemisphere  and  the 
corresponding  statistically  equilibrium  (Boltzmann)  distribution  and  used  for  searching 
for  optimal  PV  definition.  Method  efficiency  is  shown,  using  monthly-mean  January 
and  July  statistics  for  1980-89  years  period  (ECMWF  data).  Interannual  variations  of 
statistical  characteristics  of  the  optimally  modified  PV  field  are  analysed  and  related  to 
air  changes  over  Antarctic  and  Arctic  in  the  1980s. 


CONTRlBimOM  TO  THE  ANALYSIS  OP  IBERIAN  PENINStTLA 
CLIMATE  VARIABILITY 

Solanqe  Mendonca  and  JoSo  Andrade  Santos‘S’ 

(1) DeparCmenc  of  Physics,  UTAD,  Vila  Real,  Portugal 

(2) Geophysical  Centre,  University  of  Lisbon 
E-mail:  solange@utad.pt 

E-mail:  jsantos@utad.pc 


The  atmosphere  and  its  climatic  mean  state  are 
constantly  evolving  on  many  time  and  space  scales.  Our 
research  in  Iberian  Peninsula  is  devoted  to  identifying 
regimes  on  intermediate  time  scales,  on  the  order  of 
several  years  to  decades,  in  the  hope  that  their 
presence  can  be  used  for  understanding  and  possibly 
predicting  climate  fluctuations. 

The  method  of  principal  component  analysis  is  applied  to 
link  together  special  and  temporal  components  of  air 
temperature  and  precipitation  in  Iberian  Peninsula.  The 
variability  of  these  climatological  fields  are  broken 
ij^to  several  orthogonal  patterns,  each  one  explaining  a 
fraction  of  the  total  temporal  variance.  These  ranked 
patterns  are  analysed  and  possible  physical  processes 
are  assigned  to  the  predominant  eigenvectors. 

A  selected  network  of  more  than  one  hundred  weather 
stations  with  records  between  1960  and  1990  is  use<i  as 
data  base  to  isolate  the  principal  modes  of  variability 
of  temperature  and  precipitation  fields  in  Iberian 
Peninsula. 


Sensitivity  to  resolution  studied  with  a  -variable  horizontal 
resolution  global  circulation  model 

V.I.orant.J-F.Rover 

Meteo-France,  42  Av.  Coriolis,  Toulouse,  France 

The  Atmospheric  general  circulAtion  model  ARPEGE  used  at  METEO- 
FRANCE  for  climate  studies  is  a  spectral  model  that  offers  the  possi¬ 
bility  of  varying  the  horizontal  resolution.  This  allows  to  increase  the 
resolution  over  the  region  of  interest  while  keeping  a  reasonable  cost  in 
computer  time.However,  this  technique  may  be  non-isotropic  when  the 
contrast  between  the  highest  and  the  lowest  resolution  of  the  streched 
grid  is  strong.  This  problem  becomes  critical  when  the  model’s  physical 
parametrizations  are  quite  sensitive  to  the  horizontal  resolution.  In  the 
present  study,  numerical  simulations  are  performed  with  the  stretched 
version  of  ARPEGE-Climat  in  order  to  investigate  the  resolution  de¬ 
pendence  of  moist  processes  and  precipitation  simulated  by  the  variable 
resolution  model  with  idealized  boundary  conditions  corresponding  to 
an  ’’aquapJanet”.  The  Earth  is  covered  with  an  ocean  whose  prescribed 
surface  temperature  has  a  zonally  symetric  latitudinal  distribution.  Sim¬ 
ulations  bring  to  the  fore  some  disymetric  structures  along  the  equator, 
due  to  the  varying  resolution.  Such  results  are  very  sensitive  to  the 
choice  of  some  physical  parameterizations,  such  as  the  cloud  scheme  or 
as  the  closure’s  condition  in  the  convective  scheme. 
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SEASONAL  FORECASTS  WITH  A  COUPLED  AOGCM. 

Pascal  Marquet,  M^tdo-France,  Centre  National  de  Recherche 
Mdtdorologiques,  42  Av.  Coriolis.  31057  Toulouse  Cedes  1.  FRANCE 

Research  activities  have  been  conducted  at  Mdtdo-France  in  the  field  of  seasonal 
predictability  with  ARPEGE  atmospheric  GCM,  as  part  of  PROVOST  program. 
In  these  studies  ARPEGE  is  forced  with  analyzed  observed  SST. 

A  new  set  of  experiments  have  been  recently  realized  in  order  to  determined  the 
impact  on  long-range  predictability  when  ARPEGE  GCM  is  coupled  with  the 
LODYC-OPA7  ocean  model,  but  only  over  a  limited  area  (the  tropical  Pacific 
region  "TDH").  We  have  studied  4  winter  cases  (JFM  averages  from  1990  to 
1993,  after  a  December  spin-up  period).  There  is  9  experiments  for  each  year, 
with  a  shift  varying  from  1  to  9  days  before  the  1st  December,  for  both 
atmospheric  and  oceanic  restarts. 

Results  will  be  presented  and  comparisons  will  be  made  between  the  two  set  of 
uncoupled  and  partially  coupled  experiments,  in  terms  of 

(i)  possible  seasonal  drift  induced  by  changes  in  SST  over  the  coupled  area ; 

(ii)  probable  increase  in  intra-seasonal  variability  caused  by  the  new  degree  of 
freedom  brought  by  the  coupling ; 

(iii)  expected  change  in  the  objective  scores  computed  when  comparing  the 
climatology  and  the  experiments. 


RELATIONS  BETWEEN  NAO,  PNA,  AND  ENSO  OSILLATIONS  IN 
SEASONAL  WINTER  SIMULATIONS  WITH  FOUR  AGCMs 

C.  Martineu  and  S.  Parey 

EDF/DER/Environment  Department,  6  quai  Watier  78400  Chatou,  France 
christine.martineu@der.edfgdf.fr /Fax  :+33- 1-30-87-83-34 

In  the  framework  of  the  European  project  PROVOST  (PRediclion  Of 
climate  Variations  On  Seasonal  and  interannual  Timescales),  nine 
simulations  of  each  of  the  winter  seasons  of  the  period  1980-1994  have 
been  performed  with  four  different  atmospheric  models  in  SST-forced 
mode  :  the  UKMO  model,  the  ECMWF  model,  Arpege  Climat  model  of 
Metdo-France  (T42),  and  Arpege  Climat  with  a  higher  resolution  of  T63 
(this  latter  set  of  simulations  being  calculated  at  EOF).  This  provides  an 
important  multi-model  ensemble  to  study  the  reproduction  of  the  main  low 
frequency  oscillations  occuring  at  extratropical  latitudes  (PNA  and  NAO 
patterns)  and  their  possible  modulation  by  different  oceanic  factors.  We 
identify  clusters  or  modes  of  atmospheric  low  frequency  variability  in 
these  sectors  and  we  look  for  typical  structures  of  the  oceanic  forcing 
associated  to  each  of  these  atmospheric  patterns.  A  particular  attention  is 
paid  to  the  possible  modulation  of  the  NAO  by  different  possible  external 
sources  :  NAO-PNA  interactions,  extratropical  or  tropical  oceanic  forcing 
influence  on  the  NAO  (in  particular  :  interactions  with  the  three  El  Nino 
and  one  La  Nina  events  involved  in  the  period  studied). 


THE  ROLE  OF  LAND  SURFACE  PROCESSES  IN  INTERAN¬ 
NUAL  VARIABILITY  OF  THE  LMD  GCM. 

Karine  MAYNARD  (I),  Jan  POLCHER  (1),  and  Katia  LAVAL  (1) 

(1)  Laboratoire  de  Meteorologie  Dynamique  du  CNRS,  Paris,  FR.ANCE 

The  Asian  Monsoon  displays  substantial  interannual  variability  which  has  pro¬ 
found  social  and  economic  consequences  for  the  people  of  India  and  South  East 
Asia.  An  understanding  of  the  causes  of  this  interannual  variability  is  central 
to  future  success  in  seasonal  and  longer  term  prediction.  The  aim  is  to  diag¬ 
nose  interannual  variability  in  the  LMD  GCM  and  to  explore  the  links  between 
the  regional  and  large  scale  aspects  of  interannual  variability.  Various  mecha¬ 
nisms  have  been  proposed  to  explain  the  interannual  variability  of  the  monsoon. 
These  include  land  surface  processes  and  Eurasian  snow  cover.  Although  weak 
monsoons  are  frequently  associated  with  El  Nino,  the  correspondence  between 
the  strength  of  the  rainfall  and  the  strength  of  ENSO  is  relatively  weak.  Part  of 
the  variability  in  this  relationship  may  result  from  other  slowly  varying  bound¬ 
ary  conditions,  such  as  soil  moisture,  vegetation  and  Eurasian  snow  cover.  The 
aim  of  this  study,  is  to  identify  the  role  of  land  surface  processes  anomalies, 
particularly  in  the  months  preceding  the  monsoon,  in  determining  the  interan¬ 
nual  variability  of  the  monsoon,  including  their  relationship  with  ENSO. 

The  results  of  an  ensemble  of  six  integrations  for  the  years  1950-1994  with  the 
complex  land  surface  scheme  (Sechiba)  and  an  integration  for  the  same  years 
with  a  simplified  land  surface  scheme  are  used.  Our  aim  is  to  characterize  the 
forced  and  internal  variability  and  the  impact  of  the  change  in  land  surface 
processes  on  these  vari  abilities. 


THE  DYNAMICS  OF  EURO-ATLANTIC  BLOCKING  ONSETS 
P.-A.  Michelangeli  (1)  and  R.  Vautard  (2) 

(1)  RPN,  Environnement  Canada,  Dorval,  Quebec,  CAN.\DA  HOP  1J3, 

(2)  Laboratoire  de  Meteorologie  Dynamique  du  CNRS,  Paris,  FRANCE. 
Paul-Antoine.MichelangeliCec.gc.ca/Fax:  [-hi]  514  421-2106 

The  low-frequency  extratropical  variability  is  highly  influenced  by  the  occur¬ 
rence  of  some  particular  large  scale  circulation  flow  patterns,  the  weather 
regimes.  The  mechanisms  leading  to  one  of  those  regimes,  the  euro-atlantic 
blocking,  are  investigated  using  observed  data  and  outputs  of  a  simple  QG 
model.  A  large  scale  and  small  scale  composite  analysis  indicates  that  euro- 
atlantic  blocking  events  have  two  simultaneous  precursors  identified  on  both 
observed  and  simulated  data:  a  high  latitude  retrograding  wavenumber  one  pat¬ 
tern  at  planetary  scale  and  an  enhanced  baroclinic  wavetrain  traveling  across 
North  Atlantic  at  synoptic  scale.  The  question  whether  the  two  above  precur¬ 
sors  are  necessary  and  sufficient  conditions  to  trigger  euro-atlantic  blocking 
is  addressed  by  performing  various  sets  of  initial-value  experiments  performed 
with  the  quasi-geostrophic  model. 


ON  THE  INFLUENCE  OF  NORTH  ATLANTIC  SST  ANOMALIES 
ON  THE  ATMOSPHERE 

W.  A.  Norton  (1),  S.  P.  Jewson  (2),  R.  T.  Sutton  (2)  and  C.  G.  Jones  (2) 

(1)  Atmospheric,  Oceanic  and  Planetary  Physics,  University  of  Oxford,  U.K., 

(2)  Centre  for  Global  Atmospheric  Modelling,  Department  of  Meteorology,  Uni¬ 
versity  of  Reading,  U.K.. 

vanCatm. ox. ac.uk 

A  satisfactory  understanding  of  how  mid-latitude  SST  anomalies  influence  the 
atmospheric  circulation  has  remained  remarkably  elusive.  Past  studies  of  this 
problem  have  yielded  divergent  results.  There  is,  however,  a  good  deal  of  ev¬ 
idence  to  suggest  that  the  time  mean  reponse  can  only  be  understood  by  ref¬ 
erence  to  changes  in  the  high  frequency  transients;  that  is,  to  changes  in  the 
frequency,  intensity,  or  spatial  distribution  of  mid-latitude  weather  systems. 
We  are  investigating  the  influence  of  SST  anomalies  on  the  statistics  of  Atlantic 
weather  systems.  We  have  carried  out  a  large  ensemble  of  integrations  with  the 
UKMO  atmosphere  GCM  and  are  focussing  in  particular  on  the  influence  of 
SST  anomalies  in  a  key  region  of  cyclogenesis  off  the  SE  coast  of  the  U.S.A. 
Changes  in  sensible  and  especially  latent  heat  flux  in  this  region  due  to  changes 
in  SST  could  modulate  the  strength  of  the  North  Atlantic  Storm  Track  which 
could  influence  low  frequency  variability  such  as  the  North  .Atlantic  Oscillation. 
We  will  report  results  from  seasonally  varying  integrations  through  the  northern 
mid-winter  and  spring. 


NATURAL  CLIMATE  VARIABILITY  ON  ALL  TIME  SCALES 
FROM  A  STOCHASTIC  ATMOSPHERE-OCEAN  MODEL 
J.D.  Pelletier 

Mail  Code  150-21,  Caltech,  Pasadena,  CA  91125,  USA. 
jonCgps .  caltech .  edu/Fax:  626-585-1917 

After  removing  annual  variability,  power  spectral  analyses  of  local  atmospheric 
temperature  from  hundreds  of  stations  and  ice  core  records  have  been  carried 
out  from  time  scales  of  10“*  to  10*  yr.  A  clear  sequence  of  power-law  behaviors 
is  found  as  follows:  (1)  from  40  ky  to  1  My  a  flat  spectrum  is  observed,  (2)  from 
2  ky  to  40  ky  the  spectrum  is  proportional  to  where  /  is  the  frequency,  and 

(3)  below  time  scales  of  2  ky  the  power  spectrum  is  proportional  to  /”  i .  At 
time  scales  less  than  one  month  we  observe  that  the  power  spectra  of  continental 
stations  become  proportional  to  /”  >  while  maritime  stations  continue  to  have 
power  spectra  propotional  to  /”  i  down  to  time  scales  of  one  day.  To  explain 
these  observations,  we  model  the  vertcial  transport  of  heat  in  the  atmosphere  as 
a  stochastic  diffusion  process.  The  power  spectrum  of  temperature  fluctuations 
at  the  earth’s  surface  expected  from  this  model  equation  in  a  two-layer  geometry 
with  thermal  and  eddy  diffusion  properties  appropriate  to  the  atmosphere  and 
the  ocean  and  a  radiation  condition  at  the  top  of  the  atmosphere  agrees  with 
the  observed  spectrum.  This  model  can  be  used  as  a  null  model  against  which 
to  test  for  the  presence  of  periodicities  and  anthropogenic  effects  on  the  climate 
system. 
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COUPLED  MODES  OF  VARIABILITY  BETWEEN  SURFACE 
TEMPERATURE  IN  PORTUGAL,  500  hPa  HEIGHT  AND  SEA-LEVEL 
PRESSURE 

M.  G.  Pereira*  and  C.  C.  DaCamara** 

*  Department  of  Physics,  University  of  TrBs-os  Montes  e  Alto  Douro,  Vila  Real, 
Portugal 

•*  Department  of  Physics,  University  of  Lisbon,  Lisbon,  Portugal 

E-mail:  gpereira@utad.pt 

E-mail:  ccamara@correio.cc.fc.ul.pt 

A  long-term  climatological  analysis  is  performed  over  non-seasonal  standardised 
monthly  means  of  surface  temperature  at  15  stations  in  Portugal,  500  hPa  height 
(Z500)  and  sea-level  pressure  (SLP)  for  a  region  including  North  Atlantic  and  Western 
Europe,  covering  a  period  of  34  years  from  June  1955  to  May  1989.  A  Principal 
Component  Analysis  was  performed  and,  as  expected,  leading  PCA  modes  showed  to 
be  in  good  agreement  with  the  synoptic-climatological  experience  as  well  as  with 
results  from  previous  works.  In  order  to  relate  surface  temperature  variability  with 
large  scale  circulation  characteristics,  a  direct  Singular  Value  Decomposition  (SVD) 
as  well  as  a  Canonical  Correlation  Analysis  (CCA)  were  applied  to  surface 
temperanire  and  either  Z500  or  SLP  fields,  allowing  to  isolate  pairs  of  spatial  patterns 
that  tend  to  synchronously  occur,  A  multiple  linear  regression  model  was  then 
developed  between  First  PC  of  temperature  and  two  sets  of  three  best  correlated  PCs  of 
Z500  and  SLP.  The  CCA  was  used  as  the  fitting  process,  obtained  canonical 
correlation  coefficient  reaching  65%  for  the  first  mode.  Predictions  were  performed 
and  obtained  values  of  statistics  that  measure  forecast  skill  indicated  acceptable  results. 
Quality  of  obtained  predictions  using  a  cross  validation  scheme  was  finaily  evaluated 
through  use  of  skill  scores,  allowing  to  conclude  that  this  model  has  a  better 
performance  than  either  climatology  or  persistence. 


VARIABILITY  AND  INTERACTION  OF  THE  GLOBAL  ATMOSPHERE 
CIRCULATION  FORMS  OVER  THE  ATLANTIC  AND  EUROPEAN 
SECTORS  OF  THE  NORTHERN  HEMISPHERE  IN  WINTER 

O.  A.  Razorenova  (P.P.Shirshov  Institute  of  Oceanology.  RAS,  Nahimovsky 
prosp.,  36.  Moscow,  117851,  Russia) 

Investigation  of  the  synoptic  and  global  variability  of  the  atmosphere  circulation 
types  over  the  Atlantic  and  European  parts  based  on  the  parameters  of  the 
middle  troposphere  carried  out.  We  considered  the  consecutive  change  of  the 
various  types  of  the  atmospheric  processes  using  Dzerdzeevsky’s  classification. 
Indexes  of  the  atmosphere  circulation  calculated  by  the  different  methods  were 
studied  as  one  of  the  important  characteristics  of  the  predominant  circulation 
regime.  Amplitude-phase  characteristics  of  the  indexes  were  accounted  by  using 
original  method  proposed  by  Reva  (1995). 

We  studied  as  simple  circulation  mechanisms  make  zonal  and  meridional  types 
of  the  atmospheric  processes.  The  results  allowed  to  determine  structure  of  the 
natural  synoptic  seasons  and  distinguish  the  intraannual  stages  of  the 
atmospheric  processes.  Such  approach  gave  us  a  possibility  to  investigate  the 
characteristics  of  the  winter  circulation  epochs  over  the  Atlantic  ocean  and 
Europe  for  the  period  from  1950  to  1990. 


INTERANNUAL  VARIABILITY  OF  THE  OCEAN- 
ATMOSPHERE  SYSTEM  THROUGH  GLOBAL  GENERAL  CIR¬ 
CULATION  MODEL  RESULTS:  THE  PACIFIC  OCEAN 

S.  Raynaurl  (1),  S.  Speich  (1)  and  G.  Madec  (2) 

(I)  Laboratoire  de  Physique  des  Ocean,  Brest,  France,  (2)  Laboratoire  de 
D’Oceanographie  Dynamique  et  de  Climatologie,  Paris,  France. 
raynaudOuniv-brest.fr/Fax:  33.(0). 2. 98. 01.64.68 

A  Coupled  General  Circulation  Model  is  used  to  study  the  interannual  vari- 
abilty  of  the  climate  system  of  the  global  domain  with  a  focus  on  the  Pacific 
Ocean.  Two  simulations  ate  analysed  in  order  to  compare  the  effects  of  the 
parametrisation  of  the  lateral  diffusion  in  the  ocean  model  (horizontal  versus 
isopycnal  diffusion). 

Sophistaticated  analysis  tools  such  as  Multichannel  Singular  Spectrum  Ananl- 
ysis  and  Canonical  (Correlation  Analysis  are  used  to  perform  these  analyses. 
\Ve  focus  out  attention  on  the  El  Nino  phenomenon  particularly  present  in 
the  isopycnal  run.  The  goal  of  the  work  is  to  better  understand  the  processes 
responsabie  for  the  spatial  and  temporal  pattern  of  the  phenomenon.  The  two 
simulations,  differing  only  by  their  ocean  physics,  don’t  show  the  same  oscilla¬ 
tions.  It  can  attributed  to  a  different  mean  state  and  to  the  dynamics  associated 
with  the  isopycnal  diffusion.  In  this  way.  the  role  of  the  salinity  may  be  non 
negligeable.  The  connections  with  the  northern  and  southern  midlatitudes  are 
also  discussed. 


THE  ENSO  SIGNATURE  ON  WINTER  RAINFALL  OVER  THE 
IBERIAN  PENINSULA 


Alfredo  Rocha  and  Margarida  Belo 

Departamento  de  Ft'sica,  Universidade  de  Aveiro,  3810,  Aveiro,  Portugal 
e-mail:  arocha@fis.ua.pt  /  Fax:  351-34-24965 


THE  RECENT  ABATEMENT  OF  EASTERLY  WINDS  IN  THE 
NORTHERN  ADRIATIC 

P  A  Pirazzoli  (1)  and  A,  Tomasin  (2) 

(1)  CNRS  -  Laboratoire  de  Geographic  Physique,  Meudon,  France,  pira2zol@cnrs- 
bellevue.ff,  (2)  University  "Ca'  Foscati"  di  Venezia  and  CNR,  Italy 

Easterly  winds  from  the  northern  Adriatic  contribute,  together  with  atmospheric 
depressions  and  the  often  decisive  blowing  of  southerly  winds  from  the  southern 
and  middle  Adriatic,  to  produce  damaging  sea  surges  in  the  Gulf  of  Venice.  A  new 
statistical  analysis  of  three-hourly  wind  records  from  Trieste  for  the  period  1951- 
1997  has  shown  a  clear  decline  in  the  strength  of  bora  and  other  easterlies.  This 
abatement  is  not  accompanied  by  a  strengthening  of  winds  from  other  directions, 
but  by  more  frequent  calm  situations  (from  26%  of  total  observations  in  the  1950s 
to  44%  during  the  last  ten  years,  and  even  to  over  60%  during  the  early  1980s). 
Similar  (though  weaker)  declining  trends  for  the  easterlies  have  been  recorded  at 
other  stations  in  the  northern  Adriatic  (Ronchi,  Venice).  An  inspection  of 
previously  published  data  from  Trieste  suggests  that  such  trends  may  have  been 
going  on,  possibly  with  minor  fluctuations,  since  at  least  the  beginning  of  regular 
instrumental  records,  in  the  late  1860s.  Such  changes  in  wind  pattern,  which  have 
favourable  effects  on  the  frequency  of  coastal  flooding,  may  be  due,  at  least  in  part, 
to  interdecadal  climate  variability.  However,  the  persistence  of  certain  trends 
suggests  variability  over  a  longer  time  scale,  with  in  particular  less  frequent 
situations  with  strong  atmospheric  pressure  gradients  between  highs  in 
central/eastem  Europe  and  lows  in  southern  Italy  or  in  the  Adriatic  area. 


SOME  QUANTITATIVE  SIGNATURES  OF  CLIMATE 
VARIABILITY  ON  TIME  SCALES  OF  SOLAR  FORCING 

A.  Prigancova  (1),  C.  Poulakos  and  B.  Petropoulos  (2) 

(1)  Geophysical  Institute,  Slovak  Academy  of  Sciences,  Bratislava 

(2)  Research  Center  for  .Astronomy  and  Applied  Mathematics,  Athens 
geofpriaSsavba.sk/Fax:  -h421-7-375  278 

In  spite  of  advanced  knowledge  in  the  field  of  weather  systems,  the  ade¬ 
quate  climate  scenarios  intend  deeper  insight  into  the  drivers  of  climate 
changes.  The  overcentennial  records  available  for  such  meteorological 
parameters  as  an  air  temperature  T  and  precipitation  totals  P  allow 
to  judge  their  evolution  on  time  scales  of  solar  forcing,  a  quantitative 
basis  being  applied.  The  interannual,  annual,  decadal  and  secular  varia¬ 
tions  are  discussed  from  the  viewpoint  of  possible  modulation.  Although 
the  uncertainties  are  significant  enough  due  to  quite  a  large  scatter  of 
AT  and  AP  fluctuations,  the  modulation  features  in  their  profiles  are 
unambiguous  and  persistently  documented  by  data  from  a  number  of 
European  meteorological  stations.  Their  mutual  comparison  in  terms  of 
peculiarities  of  T  and  P  development  averaged  within  different  portions 
of  a  year  gives  some  idea  as  to  the  ways  how  to  enhance  the  confidence 
level  of  prediction  of  climate  changes  in  future. 


The  strong  ENSO  event  currently  underway  has  been  drawing  much 
attention  due  to  its  impacts  world-wide.  This  study  investigates  de  influence 
of  the  ENSO  phenomenon  on  the  winter  rainfall  over  the  Iberian  Peninsula: 
The  analysis  is  based  on  observed  rainfall  data  and  on  an  ensemble  of  ten 
10-year  long  simulations  with  prescribed  AMIP  SSTs  and  sea-ice  coverage 
generated  by  the  Melbourne  University  General  Circulation  Model 
(MUGCM).  Each  of  the  10  simulations  started  from  different  initial 
conditions  randomly  obtained  from  an  earlier  30-year  control  simulation. 
Results  show  that,  in  average,  ENSO  is  associated  with  weak  negative 
regional  rainfall  anomalies  (-10  %)  both  in  the  observations  and  in  the 
model.  However,  the  ENSO  signature  over  the  region  for  distinct  events 
varies  substantially.  Winter  rainfall  appears  to  be  weakly  influenced  by 
ENSO.  The  high  intra-seasonal  and  intra-regional  variability  of  winter 
rainfall  also  confirms  the  weak  ENSO  signal  and  the  chaotic  nature  of 
rainfall  in  the  region. 
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WAVE  PACKETS  OBSERVATIONS  IN  THE  EARTH’S  Cl'SP  REGION, 
AT  THE  MAGNETOPAUSE,  AND  INSIDE  OF  THE  PLASMA  SHEET  BY 
THE  MEASUREMENTS  ON  BOARD  OF  INTERBALL-TAIL  PROBE. 

S.Romanov  (1).  S.KIimov  (1),  V.Lutsenko  (1),  S.Savin  (1),  V.Romanov  (1). 
N.  Borodkova  (1),  Yu.  Yuchniewich  (2).  J.-A.  Sauvaud  (3). 

(!)  Space  Research  Instituie,  117810  Profsojusnaia  St..  84/32.  Moscow  .  Russia 

(2)  Space  Research  Center,  00-716  Warsaw.  Bartycka  18A.  Poland 

(3)  CESR,'CNRS,  Toulouse.  France 
sromanov(gvmcom.lz.space.ru/  Fa.’t:  ■r7[095]  310-7023 

new  method  of  the  wav^  analysis  based  on  the  idea  of  two  types  of  the  vector 
variables  correlative  dependencies  ('scalar’  and  ’vector’  ones)  have  been 
developed  and  applied  to  the  magnetic  field  data  obtained  on  board  of  the 
1NTERB.\LL-1  satellite.  This  method  allows  to  do  the  efficient  spectral  analysis 
of  vector  variables  and  rapidly  find  the  wave  vectors  angular  distribution  and 
polarization  states  of  the  electromagnetic  and  magneto-hydrodynamic  plasma 
waves.  The  low  frequency  wave  properties  was  studied  in  the  three  di^erenl 
regions  of  the  magnetosphere:  in  (he  high-latitude  cusp  region,  at  the 
magnetopause,  and  in  the  plasma  sheet,  during  the  higher  level  of  wave 
activity  (partially  bounding  with  substorms).  The  discrete  wase  packets  are 
characteristic  for  the  low  frequency  variations  In  all  these  regions.  Various 
events  differ  one  from  another  by  the  wave  mode  composition.  The  ion- 
cyclotron  wave  packets  corresponding  to  various  ionosphere  Ion  species  are 
found  in  the  high  altitude  cusp  region  and  in  the  tail  plasma  sheet.  In  contrast, 
the  spectra  composed  completely  from  packets  of  the  linearly  polarized 
compression  mirror  waves  were  observed  nearby  the  high  latitude 
magnetopause  in  time  of  (he  strong  magnetosphere  compression  under  the  blow 
of  (he  high  density  plasma  cloud  coming  from  the  Sun  on  January  1 1,  1997. 


THE  SOIL-PRECIPITATION  FEEDBACK:  A  STUDY  WITH  A 
REGIONAL  CLIMATE  MODEL 

Christoph  Schar  (1),  Daniel  Liithi  (1),  Urs  Beyerle  (I)  and  Erdmann  Heise  (2) 
(1)  Atmospheric  Physics  ETH,  Zurich,  Switzerland,  (2)  German  Weather  Ser¬ 
vice,  Offenbach,  Germany. 
schaerOatmos . uamv .ethz . ch 

Monthlong  integrations  with  a  regional  climate  model  ate  utilized  to  study  the 
sensitivity  of  the  summertime  European  precipitation  climate  with  respect  to 
the  ambient  soil  moisture  content.  Experiments  are  conducted  for  July  1990 
and  1993.  For  each  of  the  two  months,  the  control  experiment  is  compared 
against  two  sensitivity  experiments  with  dry  and  wet  initial  soil  moisture  dis¬ 
tributions.  These  experiments  yield  pronounced  differences  in  the  precipitation 
climate,  and  suggest  that  the  location  of  the  boundary  between  the  wet  .Atlantic 
climate  to  the  north,  and  tlie  dry  Mediterranean  climate  to  the  south,  is  heavily 
affected  by  the  continental-scale  initial  soil  moisture  content.  The  investigation 
of  the  mean  daily  cycle  throughout  the  integration  period  demonstrates  that 
the  physical  mechanism  underlying  the  soil-precipitation  feedback  is  related  to 
the  development  of  the  diurnal  boundary  layer  and  its  interaction  with  soil, 
boundary  layer,  radiative  and  convective  processes.  Over  moist  soils,  these  pro¬ 
cesses  act  in  concert  to  yield  higher  values  of  the  moist  entropy  in  the  early 
afternoon  boundary  layer,  and  thereby  to  increase  the  potential  for  convective 
activity.  The  results  suggest  that  soil  moisture  is  a  major  factor  affecting  the 
summertime  European  precipitation  climate,  with  implications  for  the  seasonal 
cycle  and  the  interannual  variability. 


INTRASEASONAL  VARIABILITY  OF  THE  INDIAN  MONSOON 
B.  Sconcia  and  B.  Hoskins 

Department  of  Meteorology,  University  of  Reading,  UK. 
swr96bc5Creading.ac.uk 

The  intraseasonal  variability  of  the  Indian  Monsoon  can  be  thought  of  as  alter¬ 
nating  active  and  break  periods  associated  with  two  distinct  preferred  locations 
of  the  tropical  convergence  zone  (TCZ),  over  the  Indian  sub-continent  and  over 
the  equatorial  oceanic  region.  Using  the  ECMWF  re-analysis  (ERA)  data  set 
for  1979-1993  a  ’’climatology”  of  the  active  and  break  regimes  has  been  pro¬ 
duced.  This  has  been  done  by  spatially  averaging  daily  precipitation  data  over 
two  regions  associated  with  the  two  preferred  locations  of  the  TCZ.  Using  these 
daily  spatial  averages,  active  and  break  periods  have  been  identified  and  their 
composite  structures  examined.  It  is  found  that  active  and  break  periods  have 
significantly  different  flow  regimes  associated  with  them  over  a  large  region  in 
both  the  upper  and  lower  troposphere.  The  different  diabatic  heating  stuctures 
associated  with  the  two  regimes  have  been  used  to  drive  a  simple  numerical 
model  and  the  resulting  structures  compared  with  the  ’’climatology”.  The  next 
stage  is  to  run  the  model  with  the  proportion  of  active  and  break  heating 
determined  by  the  flow  itself 


ON  THE  PREDICTABILITY  OF  INTERANNUAL  VARIATIONS  IN  THE 
ACTIVITY  OF  ’THE  MADDEN  JULUN  OSCILLATION. 

J  M  Slinvn  (CGAM,  Department  of  Meteorology,  University  of  Reading,  Reading, 
UK) 

D.  P.  Rowell  (Hadley  Centre  for  Oimate  Prediction  and  Research,  Bracknell,  UK) 

K.  R.  Sperber  (PCMDI,  LLNL,  Livermore,  CA,  USA) 

Tlie  Madden- Julian  Oscillation  (MJO)  is  the  dominant  mode  of  tropical  variability  at 
intraseasonal  timescales.  It  displays  substantial  intcrannual  variability  in  intensity 
which  may  have  important  implications  for  the  predictability  of  the  coupled  system. 
Using  the  NCEP  40-year  Reanalysis  and  the  results  from  a  4-member  ensemble  of  45 
year  integrations  with  the  Hadley  Centre  climate  model,  forced  by  observed  SSTs  for 
1949-94,  the  relationship  between  MJO  activity  and  SST  has  been  investigated.  The 
implications  of  the  results  for  the  predictability  of  the  tropical  ocean-atmosphere 
system  will  be  discussed. 


NUMERICAL  STUDY  OF  THE  IMPACT  OF  FIRST  EIGENMODES 
OF  SST  VARIABILITY  ON  TROPICAL  RAINFALL 

S.  Trzaska.  Y.  Richard,  P.  Roucou 

Centre  de  Recherches  de  Climatologie,  Universite  de  Bourgogne/CNRS,  6  bd 
Gabriel,  21000  Dijon,  France 
e-mail :  crc2@u-bourgogne.fr 

The  4  first  EOF  of  Sea  Surface  Temperanire  Anomalies  (SSTA)  are 
sufficient  to  document  main  spatial  struemres  of  SST  variability  known  to 
influence  tropical  rainfall.  Each  of  these  spatial  struemres  is  concerned  with 
privileged  time-scales.  Thus  linear  combinations  of  these  modes  allow  the 
construction  of  idealised  SSTA  patterns  involving  different  time-scales. 
Numerical  experiments  performed  with  the  AGCM  ARPEGE-Climat 
(CNRM,  Meteo-France)  using  these  patterns  enable  to  investigate  SSTA- 
related  changes  in  rainfall  and  atmospherical  circulation  in  the  Tropics.  The 
relative  impact  of  ENSO  and  decadal  scale  SST  variability  of  the  global 
ocean  as  well  as  the  meridional  gradient  of  SSTA  in  Tropical  Atlantic  ate 
investigated.  Special  focus  is  made  on  three  areas  of  interest :  Nordeste, 
Southern  Afnca  and  Sahel. 


A  CLIMATOLOGY  OF  ONSET  DATES  OF  THE  ASIAN  SUM¬ 
MER  MONSOON 
P.  Tschuck  and  K.  Arpe 

Ma.x-Planck-lnstitut  fiir  Meteorologie,  Hamburg,  D-20146  Germany, 
ts  chuckCdkrz . de 

Synoptic  and  intraseasonal  variability  lead  to  variations  of  the  onset  date  of 
the  Asian  summer  monsoon,  and  blur  the  predictability  of  this  and  other  vi¬ 
tal  events  like  active/break  phases.  An  objective  method  is  used  to  find  local 
onset  dates  and  break  days  from  daily  precipitation  and  850  hPa  winds  of 
the  ECMWF  reanalysis  and  an  AMIP-type  simulation  of  the  same  resolution 
(T106).  The  method  uses  local  July  precipitation  as  a  threshold  to  cope  with 
the  high  spatial  variability  and  the  biases  in  both  ERA  and  ECHAM  precipi¬ 
tation.  The  onset  date  lines  are  found  to  be  sensitive  on  two  different  criteria 
for  precipitation  (3  consecutive  heavy  rain  days  vs.  five  day  running  means). 
The  high  resolution  model  ECHAM4  simulates  a  very  realistic  low  level  jet  over 
the  Arabian  Sea  both  in  strength  and  timing.  Still,  the  onset  in  central  India 
occurs  a  week  earlier  than  in  the  reanalysis.  Whether  this  and  other  biases 
of  monsoonal  precipitation  are  due  to  the  land  surface  scheme,  the  convective 
parameterization,  or  the  lack  of  realistic  air-sea  interactions  is  unknown. 
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THE  PACIFIC  COLD  TONGUE  AND  THE  ENSO  MODE  IN  A 
FULLY  COUPLED  ZEBIAK-CANE  MODEL 

P.C  van  der  Vaart  (1),  H.A  Dijkstra  (1)  and  F.F  Jin  (2) 

(1)  Institute  for  Marine  &  Atmospheric  Research  Utrecht,  Utrecht  University, 
The  Netherlands,  (2)  School  of  Atmospheric  Sciences  University  of  Hawaii  at 
Manoa,  Honolulu,  HA  . 
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The  equatorial  Tropical  Pacific  Climate  system  is  a  delicate  coupled  system 
in  which  winds  driven  by  gradients  of  sea  surface  temperature  (SST)  within 
the  basin  interact  with  the  ocean  circulation  to  maintain  SST  gradients.  This 
results  in  a  time-mean  state  having  a  strong  zonal  temperature  contrast  along 
the  equator  with  an  eastern  cold  tongue  and  a  western  warm  pool.  By  the  same 
coupled  processes  also  interannual  variability,  known  as  El-Nino/Southern  Os¬ 
cillation,  is  present  in  the  Pacific.  This  variability  can  be  attributed  to  an  os¬ 
cillatory  coupled  mode,  the  ENSO  mode,  in  the  equatorial  ocean/atmosphere 
system.  When  the  amount  of  windstress  per  SST,  i.e.  the  coupling  strength  be¬ 
tween  the  ocean  and  atmosphere,  is  changed  this  affects  both  the  annual  mean 
state  and  the  ENSO  mode.  Using  a  Cane-Zebiak  type  intermediate  coupled 
model,  these  linked  features  of  the  Pacific  Climate  are  unified  into  one  frame¬ 
work.  The  ENSO  mode  arises  as  a  robust  oscillatory  mode  on  a  coupled  mean 
state  and  becomes  unstable  at  sufficiently  large  coupling  strength.  The  origin 
of  this  mode,  its  propagation  mechanism,  its  relation  to  the  spatial  structure 
of  the  annual  mean  state  and  the  interaction  between  the  ENSO-mode  and  the 
seasonal  cycle  are  considered. 


THE  IMPLEMENTATION  OF  A  NONLOCAL  DIFFUSION 

MODEL  IN  THE  HOPE  OGCM 

M.  van  Eijk,  G.  Burgers  and  G.J.  van  Oldenborgh 

Royal  Netherlands  Meteorology  Institute,  PO  Box  201,  De  Bilt,  The  Nether¬ 
lands. 

vaneijkQknmi.nl 

A  nonlocal  diffusion  model.  Large  et  al  (1994),  is  implemented  in  the  Ham¬ 
burg  Ocean  Primitive  Equation  model  (HOPE)  to  establish  an  improvement  in 
the  simulation  of  mixed-layer  dynamics  in  OGCMs.  Preliminary  results  show 
that,  as  compared  to  the  the  original  mixed-layer  parametrization  of  HOPE, 
differences  are  found  in  equatorial  regions.  The  existence  of  barrier  layers  be¬ 
comes  apparent  in  the  warm  pool  region  of  the  West  Pacific.  Also  a  change  in 
magnitude  and  location  of  the  equatorial  currents  is  found.  Finally  a  change 
in  the  density  structure  has  an  effect  on  the  velocity  of  baroclinic  equatorial 
waves.  In  the  near  future  the  performance  of  the  nonlocal  diffusion  model  will 
be  evaluated  against  a  bulk  mixed-layer  model  and  the  results  will  be  compared 
to  data  from  observations. 


TRACKING  DOWN  THE  CAUSES  OF  THE  1997  EL  NINO  WITH 
AN  ADJOINT  OGCM 

G.  J.  van  Oldenborgh 

KNMI,  De  Bilt,  Netherlands. 
oldenborOknmi . nl 

The  adjoint  of  the  ocean  general  circulation  model  HOPE  is  used  as  a  tool 
for  investigating  the  causes  of  the  1997  El  Nino.  The  adjoint  computes  the 
derivatives  of  the  NIN03  index  Ns  to  the  forcing  fields  !F{t)  used  by  the  ocean 
model  (wind  stress,  heat  and  moisture)  and  the  initial  state  A’o  (temperature, 
sea  level,  salinity  and  currents).  Adjoint  Kelvin  and  Rossby  waves  can  be  iden¬ 
tified  in  the  sensitivities  to  sea  level  and  wind  stress  at  earlier  times,  which 
can  be  traced  back  for  more  than  a  year  through  western  and  weak  eastern 
boundary  reflections.  The  sensitivities  to  the  heat  flux  and  SST  are  local  and 
decay  in  about  a  month. 

Approximating  the  observed  anomalies  as  small  deviations  from  climatology, 
N3{T)  fs  dXz/dXo  -SXo  +  YlJ^o  dNz/dXlt) -SXit),  we  can  decompose  the  rise 
in  the  NINOS  index  in  the  model  during  late  spring  1997  into  contributions  from 
the  various  westerly  windbursts  (ECMVVF  wind  stresses  in  December/January, 
March  and  April),  other  fluxes,  and  the  preconditioning  of  the  ocean  at  the 
beginning  of  December  1996  (ECMVVF  analysis). 


WESTERLY  WIND  BURSTS  AND  TRIGERING  OF  ENSO. 

J.  Vialard  and  P.  Delecluse  (Lalxvratoire  d’Ocdanographie  DYnamique  et  de 
Climatologie). 

The  westerly  wind  bursts  are  thought  to  play  a  key  role  in  ENSO 
variability.  They  often  result  in  oceanic  Kelvin  waves  which 
propagate  toward  the  eastern  part  of  the  basin  and  raise  the 
thermocline  toward  the  sea  surface.  In  this  study,  we  concentrate  more 
on  their  impact  in  the  western  and  central  Pacific.  Analytic  westerly 
wind  stress  anomalies  are  introduced  at  the  air  -  sea  interface  of  a 
coupled  general  circulation  model.  Their  local  effect  is  to  increase  the 
oceanic  turbulence,  and  to  destroy  the  salinity  "barrier  layer".  The 
easterly  surface  currents  anomaly  results  in  a  significant  eastward  shift 
of  the  western  Pacific  warm  and  fresh  pool,  which  is  associated  with 
the  formation  of  a  thick  barrier  layer  in  the  central  Pacific.  This 
situation  might  favour  the  growth  of  a  coupled  ocean  -  atmosphere 
instability. 


INFLUENCE  OF  NAO  INDEX  TO  SYNOPTIC  WEATHER 
SITUATION  OVER  SWITZERLAND 

R.  O.  Weber,  G.  Stefanicki  and  P.  Talkner 

Paul  Scherrer  Institute,  CH-5232  Villigen  PSI,  Switzerland. 

Fifty  years  of  daily  synoptic  weather  situations  over  the  central  part  of 
the  Alps  are  considered.  The  Alpine  region  is  a  transition  zone  between 
the  Atlantic  weather  regime,  a  continental  regime  and  the  regime  of 
the  Mediterranean  Sea  and,  therefore,  sensitive  to  changes  in  the  large 
scale  weather  pattern.  To  characterize  weather  systems  over  Switzer¬ 
land,  Schiiepp  has  defined  synoptic  weather  types  adapted  to  the  Alpine 
region.  Although  these  weather  types  are  manually  determined  by  ob¬ 
servers,  they  are  defined  by  strict  rules.  Surface  pressure  and  500- 
hPa  level  maps  of  every  day  are  used  to  derive  parameters  identify¬ 
ing  Schuepp’s  weather  types.  Since  the  beginning  of  their  records  in 
1945  pronounced  changes  in  the  annual  frequency  of  the  weather  types 
could  be  observed.  It  is  analyzed  how  these  changes  might  be  related 
to  changes  in  the  North  Atlantic  Oscillation  (NAO)  index.  In  winter 
there  is  a  strong  relation  between  the  NAO  index  and  the  frequency  of 
so-called  high  pressure  situations.  In  summer  the  pressure  pattern  over 
the  Atlantic  influences  the  regional  scale  weather  type  to  a  much  lesser 
extent. 


DECADAL  ANOMALIES  OF  THE  ANNUAL  CYCLE  IN  SST  AND  SLP 
FIELDS  IN  THE  NORTH  ATLANTIC 

1.1.  Zveryaev  (P.P.Shirshov  Institute  of  Oceanology,  RAS,  Nakhimovsky  Ave.,  36, 

1 17851,  Moscow,  Russia  e-mail:  zvetyaev@gulev.sio.rssi.ni) 

Based  on  the  National  Centers  for  Environmental  Prediction  (NCEP)  data  set  and 
the  Comprehensive  Ocean-Atmosphere  Data  Set  (COADS)  analysis  of  the 
interdecadal  changes  of  amplitudes  and  phases  of  annual  cycle  in  sea  level  pressure 
(SLP)  and  sea  surface  temperature  (SST)  fields  is  carried  out.  Anomalies  of  the 
above  mentioned  characteristics  are  estimated  for  four  decades  (1951-1990).  Spatial 
distribution  of  the  anomalies  of  amlitudes  of  SLP  is  in  agreement  with  that  of  the 
anomalies  of  decadal  mean  SLP  and  positive  (negative)  anomalies  of  amplitudes 
are  related  to  negative  (positive)  anomalies  of  decadal  mean  SLP.  During  1951- 
1960  and  1971-1980  anomalies  of  phases  are  not  great  (approximately  10  days).  But 
decades  with  the  lowest  (1961-1970)  and  highest  (1981-1990)  values  of  the  North 
Atlantic  Oscillation  Index  demonstrated  the  great  growth  of  phase  anomalies  and 
their  spatial  differentiation.  Positive  (negative)  anomalies  of  phases  mean  here  that, 
for  instance,  winter  comes  later  (earlier)  than  usual.  During  1961-1970  the  negative 
phase  anomaly  (- 1 5  days)  is  located  in  the  western  Atlantic  and  the  positive  one 
(+35  days)  near  North  Africa.  During  1981-1990  the  situation  is  reversed  -positive 
(+25  days)  anomaly  in  the  western  Atlantic,  and  the  negative  (-50  days)  one  near 
North  Africa.  Positive  (negative)  anomalies  of  amplitudes  of  SST  are  associated 
with  negative  (positive)  anomalies  of  annual  and  winter  means.  Analysis  of 
anomalies  of  phases  of  SST  have  not  revealed  significant  interdecadal  changes. 
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04  Clouds  in  the  climate  system: 
observations  and  modelling 

Convener:  Desbois,  M. 


VALIDATION  OF  CLOUD  SYSTEMS  IN  THE  GENERAL  CIRCU¬ 
LATION  MODEL  ECHAM4  BY  USING  THE  NUDGING  TECH¬ 
NIQUE 

H.-S.  Bauer  (1),  L.  Bengtason  (1),  J.  Feichter  (1)  aiid  M.  Steiidd  (1) 

(1)  Max-Planck-Institute  for  Meteorology.  20146  Hamburg.  Germany. 

Stefan. bauerOdkrz.de /Fax:  [+49]40  41173  366 

Clouda  are  an  important  regulator  of  tl\e  Earth’s  radiation  budget  and  present 
a  major  link  between  radiation  and  the  hydrological  cycle.  We  use  a  different 
approach  to  validate  clouds  in  ECHAM4  T106  and  investigate  the  representa¬ 
tion  of  synoptic  scale  systenw  in  3  hourly  stored  data.  The  aim  Is  to  investigate, 
whether  the  realistic  mean  cloud  amounts  produced  by  the  model  ai*e  as.soci- 
ated  with  a  realistic  representation  of  clouds  in  a  higher  temporal  resolution. 
To  do  this  we  use  the  Newtonian  relaxation  tecJinique  (Nudging),  which  relaxes 
the  model  state  towards  reanalysis  data  by  adding  a  non  physical  relaxation 
term  to  the  model  equations. 

We  present  the  representation  of  an  extratropical  cyclone.  Vorticity.  divergence 
temperature  and  surface  pressure  are  nudged  with  ECMWF  reanalysis  field.s. 
The  main  chai’acteristics  of  the  cyclone  are  well  reproduced  by  the  model.  This 
is  true  even  for  variabltfs^which  are  not  relaxed.  As  an  example  strong  cloud 
cover  occurs  in  frontal  and  central  regions  of  the  surface  low  and  in  the  upper 
troposphere  the  cloud  deck  is  shifted  to  pre-frontal  regions.  The  investigation 
shows  that  the  nudging  technique  is  a  useful  tool  for  model  vaIi<lation.  since 
model  pai'ameten55ations  can  be  tested  by  comparing  with  distinct  observed 
synoptic  situations. 


COMPARISONS  OF  MODEL  GENERATED  FLUXES  WITH 
SATELLITE  INFERRED  FLUXES 
FVanz  H.  Berger  (1)  and  Burkhardt  Rockel  (2) 

(1)  Institute  for  Hydrology  and  Meteorology,  Dresden  University  of  Technol¬ 
ogy,  Piennerstr.  9,  D-01737  Tharandt,  Germany,  (2)  Institute  for  Atmospheric 
Physics,  GKSS  Research  Center,  Max-Planck-Str.,  D-21502  Geesthacht,  Ger¬ 
many. 

bergerCforst.tu-dresden.de/Fax:  [49]  35203  381302 
For  May  1993  and  June  1993  radiation  budget  components  at  top  of  atmo¬ 
sphere  and  at  surface  were  inferred  from  NOA.A-.AVHRR  and  Metcosat  data. 
For  the  same  time  period  model  calculations  with  the  regional  model  (REMO) 
were  carried  out  to  investigate  the  energy  and  hydrological  cycle.  The  inves¬ 
tigated  area  covers  the  watershed  of  the  Baltic  Sea  (defined  in  the  B.\LTEX 
programme),  approx,  an  area  of  1800  x  3000  km^  with  a  resolution  of  15  x  15 
km-. 

To  calculate  the  radiation  budget  components  at  surface  from  remotely  sensed 
data,  a  complex  analysis  scheme  could  be  applied,  where  cloud  types  as  well 
as  their  optical  properties  could  also  be  derived.  Before  a  detailled  comparison 
between  satellite  inferred  results,  like  fluxes  at  TO-A  and  at  surface  or  cloud 
cover,  with  modelled  results  could  be  carried  out,  the  satellite  fluxes  could 
be  validated  with  surface  observations  in  advance.  This  allows  to  define  the 
achieved  accuracies.  Based  on  the  different  satellite  data  (NO.AA  AVHRR  - 
two  obs.  per  day,  but  high  spatial  resolution;  Meteosat  -  half  hourly  resolution, 
but  poor  spatial  resolution)  different  intercomparisons  will  presented. 


CLOUD  FIELDS  DYNAMICS  ABOVE  THE  CRIMEA 
T.N.Bibikova.  E.V.Zhurba. 

Dept.of  Atmosphere.  Physics  Faculty,  Moscow  University,  1 19899Moscow; 

E-mail:  jushkovigiatmos.phys. msu.su  . 

The  investigation  is  based  on  a  large  set  of  experimental  data  collected  in 
expeditions  in  period  from  1955  to  1978.  Stereophotogrammetric  measurements  of 
the  main  parameters  of  clouds  (  such  as  top  and  bottom  altitudes,  rates  of 
horisontal  and  vertical  growth,  scales,  etc.)  provided  1.5%  — 

3.5%  appro.ximation,  depending  on  the  type  of  clouds.  During  summer  expeditions 
the  measurements  were  made  with  time  intervals  from  1  to  30  minutes.  A  strong 
dependence  of  cloud  dynamics  on  the  winds  direction  was  discovered.  Thus, 
North-West  currents  perpendicular  to  the  mountain  chain  generate  wave 
orographic  cloud  fields  which  propagate  from  the  mountain  chain  to  the  sea 
direction  for  30  km.  Besides,  at  the  coast  zone  cumulus  clouds  are  strongly 
influenced  by  these  orographic  phenomena  while  above  the  sea  the  clouds  become 
more  rarified.  This  feature  explains  the  difference  between  the  radiational  regimes 
of  the  open  sea  and  the  coast  zone. 


A  new  parameterization  of  Cioud  Properties  and  comparison  of 
simulated  and  measured  HIRS  cioudy  radiances 

E.Dalpane.  L.Mannozzi.  E.  Tosi  and  R.  Rizzi 

ADGB-  Atmospheric  Dynamic  Group.  University  of  Bologna 

elena@atmosIO.df.unibo.it/FAX:  +39-51-6305074 

Accurate  modeling  of  the  effects  of  clouds  on  absorption,  transmission  and  reflection 
of  thermal  energy  is  crucial.  The  need  for  an  accurate  representation  of  infrared 
absorption  by  clouds  is  acute  since  the  current  uncertainty  In  this  quantity  has 
important  consequences  on  the  atmospheric  radiation  budget.  Since  the  clouds 
strongly  modulate  the  longwave  radiation  at  the  lop  of  the  atmosphere,  they  should 
be  considered  as  the  principal  unknown  parameter  to  be  inferred  in  satellite  cloud 
studies.  Unfortunately,  the  exact  evaluation  of  cloud  effects  require  a  long 
calculation  lime.  So,  in  the  spherical  particles  approximation,  the  Mie  theory  was 
used  to  develop  a  new  parameierizaiion  of  cloud  optical  properties.  The  scattered 
and  forward  trasmissivity  and  the  scattered  reflectivity  are  separately  studied  and  the 
cloud  emissivity  is  calculated  under  the  energy  conservation  low.  The 
parameterization  is  used  to  compute  the  cloudy  radiances  in  HIRS/2  channels  using 
the  temperature,  mixing  ratio,  liquid  and  ice  content  and  cloudy  fraction  profiles 
obtained  from  ECMWF.  Then  cloudy  radiances  are  compared  to  the  one  computed 
using  the  operational  ECMWF  emissivity  formulation  and  to  actually  observed  raw 
TOYS  radiances. 


SIMULATION  OF  MARINE  STRATOCUMULUS  EVOLUTION 
OBSERVED  DURING  ASTEX:  COMPARISON  WITH  OBSERVA¬ 
TIONS  AND  SENSITIVITY  STUDIES. 

L.  Delobbe  and  H.  Gallee 

UCL,  Institut  d’.Astronomie  et  de  Geophysique  G.  Lemaitre,  Universite 
Catholique  de  Louvain,  2  chemin  du  Cyclotron.  1348  Louvain-la-Neuve,  Bel¬ 
gium  . 

delobOastr.ucl.ac.be/Fax:  32-10-474722 

In  the  "First  Lagrangian"  of  the  .Atlantic  Stratocumulus  Experiment  (.AS¬ 
TEX).  an  air  mass  was  followed  for  two  days  while  it  was  advected  by  the  mean 
wind  toward  warmer  sea  surface  temperatures  .  Here,  we  simulate  part  of  this 
evolution  using  the  1-D  version  of  the  hydrostatic  primitive  equation  model 

M. AR  (ModHe  Atmospherlque  Regional)  developed  at  the  UCL.  It  includes  a 
high-order  turbulence  closure,  a  wide-band  formulation  of  the  radiative  tans- 
fer  and  a  parameterized  microphysics  including  prognostic  equations  for  water 
vapor,  cloud  droplets  and  rain  drops  concentrations.  Partial  condensation  is 
allowed.  .A  24h  simulation  is  carried  out  and  the  results  are  compared  with 
in-situ  measurements  of  the  mean  structure  as  well  as  the  microphysical  and 
turbulent  structures.  The  simulation  is  sensitive  to  some  external  forcings  like 
large-scale  subsidence  or  sea-surface  temperature,  but  also  to  sub-grid  scale 
process  parameterizations,  like  condensation  and  precipitation.  Several  sensi¬ 
tivity  experiments  will  be  presented.  .A  particular  attention  will  be  given  to 
the  impact  on  surface  energy  fluxes  since  these  are  crucial  in  coupled  ocean- 
atmosphere  models. 
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COMPARISON  OF  ISCCP  Cl  AND  Dl  CLOUD  DATASETS 
M.  Doutriaux-Boucher  (1)  and  G.  Seze  (2) 

(1)  Laboratoire  d’Optique  Atmospherique,  Universite  de  Lille  I,  Villeneuve 
d’Ascq,  France,  (2)  Laboratoire  de  Meteorologie  Dynamique,  Universite  Pierre 
et  Marie  Curie,  Paris,  France. 

mdoutriCloa.univ-lillel.fr/Fax:  [+33]  3  20  43  43  42 
The  importance  of  clouds  in  climate  has  long  been  recognised  and  long-term 
observations  are  needed  to  monitor  changes  in  c|oud  fraction  and  cloud  proper¬ 
ties.  The  ISCCP  project  provides  information  on  the  space-time  characteristics 
of  clouds,  such  as  cloud  amount,  cloud  top  pressure,  and  cloud  optical  depth. 
These  characteristics  inferred  from  the  visible  and  infrared  radiances  measured 
by  radiometers  on  various  satellites  allow  clouds  to  be  classified  into  cloud 
types.  It  is  expected  that  the  Cl  cloud  product  will  progressively  be  replaced 
by  the  improved  Dl  cloud  product.  The  purpose  of  this  presentation  is  to  point 
out  some  resemblances  and  differences  between  the  Cl  and  Dl  datasets. 


BOMEX  ID  INTERCOMPARISON:  IMPACT  OF  THE 
PARAMETRIZATION  OF  THE  SHALLOW  CONVEC¬ 
TION  ON  THE  SURFACE  FLUXES 

P,  Gelenne  and  J  .L.  Ricard  (Meteo  France,  CNRM/GMGEC,  31057  Toulouse 
Cedex,  France  or  Jean-Louis.Ricard@meteo.fr) 

For  the  “Air-Sea-Ice  Interactions”  project,  simulations  of  a  case  from  the  phase  III  of 
the  Bomex  campaign  have  been  performed.  This  is  a  non-precipitating  cumulus  mar¬ 
itime  case.  Stationnarized  results  from  the  Cloud  Resolving  Model  (CRM)  have  been 
used  to  initialize  ID  versions  of  AGCMs.  The  participating  groups  in  the  intercompar¬ 
ison  and  the  corresponding  models  were  the  KNMI  (Holland)  with  a  CRM,  ECH.\M3 
and  ECHAM4;  the  LMD  (France)  with  LMD5;  the  DMI  (Denmark);  the  University 
of  Reading  (UK)  with  the  UGCM  and  the  CNRM  (France)  with  Arpfege-CUmai. 

In  the  Arpege-Climat  simulation,  the  mixing  layer  is  too  thick,  the  BL  is  too  warm 
and  too  dry;  hence  sensible  heat  fluxes  and  latent  heat  fluxes  at  the  surface  are  not 
realistic.  Moreover,  strong  temporal  oscillations  with  a  4AT  period  in  the  surface 
latent  and  sensible  heat  flu.xes  are  generated.  The  parametrization  of  the  shallow 
convection  is  the  main  source  of  the  errors.  The  shallow  convection  U  parametrized  as 
a  modified  Richardson  number:  an  additional  term  depending  on  the  vertical  gradient 
of  the  distance  to  the  saturation  (term  in  Ld{q  —  The  absolute  value  of 

dd/dz  is  much  smaller  than  the  absolute  value  of  the  additional  term.  Two  simple 
solutions  to  improve  the  simulations  have  been  proposed  and  tested. 

A  change  in  the  physical  parametrizations  (use  of  a  statistical  cloud  scheme)  sub¬ 
stantially  improves  the  simulation.  Both  the  effects  of  the  liquid  water  in  the  vertical 
diffusion  scheme  and  the  parametrization  of  the  direct  interactions  between  the  tur¬ 
bulence.  the  radiation  (optical  properties  of  the  cloud)  and  the  diabatic  processes 
(condensation/precipitation)  are  found  necessary  for  a  good  simulation  of  the  BL. 


STUDIES  OF  UPPER  TROPOSPHERIC  HUMIDITY  USING  AIRBORNE  IN- 
SITU  SENSORS 

Iphigenia  Keramitsoslou*.  John  E.  Harries'  and  John  S.  Foot^ 

'  Space  and  Atmospheric  Physics,  Blackett  Laboratory,  Imperial  College,  London 
SW7  2BZ 

Fax  No:  +44-  171  -594  7679,  e-mail:  i.keramitsoglo@ic.ac.uk,  j.harries(^ic.ac.uk 
■  Meteorological  Research  Flight,  Building  Y46,  DRA  Famborough,  Hants  GUM 
6TD 

Fax  No:  +44-  1252  -  376588,  email:  jsfoot@meto.govt,uk 

Upper  tropospheric  water  vapour  is  widely  recognised  to  be  of  fundamental 
importance  in  regulating  the  earth’s  climate,  despite  its  low  concentrations,  because 
it  is  a  dominant  term  in  the  outgoing  longwave  radiation  that  cools  the  planet. 
Nevertheless,  the  knowledge  of  UTH  distribution  is  very  limited.  This  paper 
presents  an  on-going  study  of  the  performance  and  measurements  of  the 
Fluorescence  Water  Vapour  Sensor,  onboard  the  British  C-130  Hercules  research 
aircraft.  Our  investigations  have  indicated  the  necessity  of  laboratory  tests  in  order 
to  develop  a  deeper  understanding  of  the  instrument’s  response.  These 
investigations  and  preliminary  results  of  the  tests  are  shown.  Finally,  case-study 
comparisons  between  the  FWVS  and  the  airborne  frost-point  hygrometer  data  along 
with  satellite  and  re-analysis  data  are  presented  and  the  discrepancies  are  discussed. 


CONVECTIVE  MESO-SCALE  BOUNDARY  LAYER  CLOUDS  STRUCTURES 
DURING  THE  SEMAPHORE  CAMPAIGN. 

A.  Mathieu  flL  G.  S6ze  (2),  C.  Guerin  (1),  H.  Dupuis  (3),  A.  Weill  (1) 

(1)  Centre  d'Etude  des  Environnemenls  Terrestre  et  Plan6taire,  Velizy. 

(2)  Laboratoire  de  Metdorologie  Dynamique,  Paris. 

(3)  Departement  de  Geologic  et  d’Oeeanographie,  Bordeaux. 
anne.mathieu@cetp.ipsl.fr  /  Fax:  +33  1  39  25  49  22 

One  of  the  objectives  of  the  SEMAPHORE  campaign  is  the  concern  of  Ocean- 
Atmospheric  fluxes  with  the  convective  activity  within  the  planetary  boundary  layer. 
The  convective  activity  is  determined  from  its  cloud  signature  -  closed  and  opened 
cells,  cloud  streets  -  in  the  AVHRR  views  of  the  SEMAPHORE  region. 

As  a  first  step  the  cloud  classification  of  Seze-Desbois  allows  to  segregate  between 
low  clouds  fields  and  others;  moreover,  it  allows  to  characterize  the  cell  fields 
through  a  bench  of  specific  classes.  The  second  step  consists  in  an  algorithmic 
treaimem  of  the  classification  output  to  specify  the  shape,  extension  and  arrangement 
of  the  cells  within  the  low  clouds  fields.  As  a  consequent,  the  variability  and 
irregularity  of  the  geometric  characteristics  of  the  clouds  -  which  are  at  the  origin  of 
the  choice  of  this  method  -  are  thus  quantitatively  restituted.  Finally,  the  geometric 
information  is  used  to  extract  the  physical  characteristics  of  each  determined 
elementary  object  from  both  the  classification  outputs  and  the  four-channel  AVHRR 
data.  Tus,  the  charactristics  of  a  mean  elementary  cell  or  roll  is  given  which  allows 
future  comparison  with  model  outputs. 


NANOPARTICLE  FORMATION  EVENTS  AT  A  BOREAL 
FOREST  SITE 

J.M.  Makela(l),  P.  Aalto(l),  T.  Pohja(2).,  J.  Haataja  (2), 
P.Hari(2),  T.  Vesala(l),  G.  Buzorius(l),  U.  Rannik(l)  and 
M.  Kulmala(l) 

(1)  Department  of  Physics,  University  of  Helsinki,  (2)  De¬ 
partment  of  Forest  Ecology,  UH 


Number  size  distribution  of  submicron  and  ultrafine  aerosol 
particles  have  been  measured  on  a  continuous  basis  (every 
10  minutes)  at  a  forest  site  in  Southern  Finland.  Very 
often,  only  Aitken  (40-100  nm)  and  accumulation  modes 
(150-200nm)  are  present.  In  several  sunny  days,  the  ap¬ 
pearing  nucleation  mode  (peak  at  5-6  nm)  can  be  seen  to 
increase  both  in  size  and  concentration.  During  the  day 
the  growth  rate  for  the  nucleation  mode  is  in  the  order 
of  few  nm/hour  and  at  late  evening  the  nucleation  mode 
merges  into  the  Aitken  mode.  Simultaneous  eddy  covari¬ 
ance  measurements  have  revealed  upward  particle  fluxes, 
when  there  is  formation  of  new  particles.  Atmospheric  sig¬ 
nificance  of  observations  are  discussed. 


CLOUD  MICROPHYSICAL  AND  RADIATIVE  PROPERTIES} 

H.  Pawlowska  (1,3),  J.-L.  Brenguier  (1)  and  L.  Schueller{2) 

(1)  METEO-FILANCE  (CNRM),  Toulouse,  France,  (2)  FU  Berlin,  Germany, 

(3)  on  leave  from  University  of  Warsaw,  Poland;  hanna,pawlowska@meteo.fr 

The  boundary  layer  clouds,  covering  extensive  areas  of  our  globe,  have  a  significant 
impact  on  the  Earth's  radiative  balance  and  thus  on  climate.  Parametrization  of  cloud 
radiative  properties  as  a  function  of  their  microphysical  characteristics  are  needed  for 
retrieval  of  cloud  microphysical  parameters  from  remote  sensing  measurements  and 
for  simulations  of  aerosol  indirect  effect  (modification  of  cloud  albedo)  in  GCMs. 
Usually  layer  clouds  are  represented  as  plan  parallel  homogeneous  horizontally  and 
vertically  and  their  radiative  properties  are  defined  by  two  parameters:  optical 
thickness  and  effective  radius.  In  reality  such  clouds  are  not  homogeneous  neither 
horizontally  not  vertically.  In  the  scale  of  a  convective  cell  the  vertical  adiabatic 
profiles  are  well  documented  by  in-situ  measurements,  so  it  is  possible  to  describe 
recisely  the  cloud  microphysics  and  radiative  properties  by  using  only  two 
parameters:  cloud  depth  and  droplets  concentration  (what  allows  to  easily  describe  the 
indirect  effect  of  aerosols).  This  result  is  then  averaged  in  order  to  get  the  mean 
radiative  properties  of  the  cloud  system.  EUCREX  (European  Cloud  Radiation 
Experiment)  and  ACE2  (Aerosol  Characterization  Experiment)  were  dedicated  to 
in-situ  studies  of  microphysical  properties  of  marine  stratocumuli  and  simultaneous 
measurements  of  their  radiative  properties.  The  results  of  these  experiments  will  be 
presented. 
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Cloud  type  and  horizontal  variability  in  marine  boundary  layers 

Robert  Pincus',  Sally  A.  McFarlane^  Stephen  A.  Klein’ 

1:  NASA  Goddard  Space  Flight  Center;  2;  Mt  Holyoke  College;  3:  Geophysical 
Fluid  Dynamics  Laboratory 

Large  scale  models  such  as  those  used  for  weather  prediction  and  simulations  of  cli¬ 
mate  change  typically  estimate  the  radiative  effects  of  clouds  based  on  the  cloud  frac¬ 
tion  and  total  amount  of  condensate  within  each  grid  box.  It  is  known,  however,  that 
the  assumption  that  cloud  optical  properties  are  horizontally  uniform  leads  to  a  sys¬ 
tematic  bias  towards  larger  albedo  and  smaller  absorption.  Simple  techniques  have 
been  developed  to  account  for  cloud  spatial  inhomogeneity  in  radiation  calculations, 
but  observations  of  this  variability  are  quite  sparse. 

We  use  simultaneous  co-located  observations  by  ship  observers  and  satellite  radiom¬ 
eters  to  characterize  the  variability  of  marine  boimdary  clouds.  We  examine  the  sensi¬ 
tivity  of  cloud  detection  by  satellite  instruments  to  cloud  morphological  type  as 
reported  by  the  ship  observers  and  to  sensor  spatial  resolution.  Observed  distributions 
of  cloud  optical  thickness  are  well  described  in  most  cases  by  several  two-parameter 
models  including  log-normal  and  gamma  distributions.  The  resultant  bias  in  domain 
averaged  albedo  over  the  spatial  scales  used  in  current  models  is  relatively  smalt,  but 
it  can  be  nearly  eliminated  using  one  of  the  simple  models  of  variability.  The  param¬ 
eters  which  characterize  the  distributions  are  dependent  on  cloud  type,  most  impor¬ 
tantly  on  whether  the  clouds  are  reported  as  isolated  (cumuliform)  or  nearly 
continuous  (stratiform). 


Cloud  cover  observed  simultaneously  from 
POLDER  and  METEOSAT 

G.  SfezeflLC.  Vanbaucc(2),  LC.  Buricz(2),  F.  ParoI(2),  P.  Couvert(3) 

(l)Laboratoire  de  Mdt^orologie  Dynamique  du  CNRS 

(2)Laboratoire  d’Optique  Atmosph^rique-  Universitde  des  Sciences  de  Lille 

(3)LabcMatoirc  de  Mod^lisation  du  Climat 
Sezc@lmd.jussicu.fr/Fax:  0144276272 

The  POLDER  instrument  that  was  aboard  the  Japanese  ADEOS  platform 
between  August  1996  and  June  1997,  is  designed  to  the  global  observation  of 
the  polarization  and  directionality  of  the  sun-Ught  reflected  by  the  earth 
atmosphere  system.  The  cloud  detection  from  POLDER  takes  advantage  of  the 
original  capabilities  of  the  instrument  (spectral  polarization  and  directionality). 
This  cloud  scheme  uses  5  threshold  tests  based  on  pressure,  reflectance, 
polarized  reflectance,  spectral  variability.  The  results  of  the  POLDER  cloud 
detection  scheme  are  compared  to  those  of  the  LMD  dynamical  clustering 
method  applied  to  'risible  and  infrared  METEOSAT  data  and  local  spatisd 
variability  of  these  two  parameters.  Special  focus  is  given  to  the  detection 
capabilities  of  the  two  kind  of  measurements  for  cloud  situations  such  as  small 
cumulus,  thin  cirrus  and  multi-layered  cloud  cover.  Results  of  this  comparison 
wiU  give  some  insight  on  the  behavior  of  the  International  Satellite  Cloud 
Climatology  (ISCCP)  scheme  built  mainly  from  risible  and  infrared 
measurements. 


DIRECT  EVIDENCE  FOR  CLOUD  CASCADE  DYNAMICS 
FROM  PLANTARY  SCALES  TO  IKM 

J.  D.  Stanway*  S.  Lovejoy,  (Department  of  Physics,  McGill  University,  3600 
University  St.,  Montreal,  Quebec,  Canada,  H3A  2T8) 

D.  Schertzer  (L.M.D./C.N.R.S.,  BP  99,  University  Pierre  et  Merie  Curie,  4 
Place  Jussieu  F-75252  Paris  Cedex  05,  France) 

We  analyzed  over  a  thousand  visible  and  infra  red  images  from 
geostationary  (GMS),  polar  orbiting  (NOAA  12,  14,  SPOT)  satellites  as  well  as 
ground  based  images  (roughly  100  times  more  data  than  that  used  on  any 
comparable  study)  to  study  the  scaling  properties  of  clouds  over  the  range 
5000km  to  »50cm.  As  predicted  by  the  unified  scaling  model,  the  radiances  are 
accurately  multiscaling  over  the  entire  range  and  we  estimate  the  corresponding 
(universal)  multifractal  exponent  functions.  Although  the  individual  images 
involve  factors  of  only  »1000  in  scale  (compared  to  the  range  of  over  a  billion 
from  the  planetary  scale  to  the  dissipation  scale),  these  large  (climatological 
scale)  data  sets  enabled  us  to  obtain  the  first  direct  estimates  of  the  outer  scale  of 
the  underlying  (multiplicative)  cascade  process.  Both  the  GMS  (over  the  Pacific) 
and  AVHRR  (over  Oklahoma)  data  yield  estimates  of  the  order  of  ten  thousand 
kilometers;  an  agreement  which  is  particularly  convincing  in  this  regard. 

We  discuss  the  significance  of  these  results  for  radiation,  climate  and 
modelling. 


TIMESCALES  OF  VARIABaiTY  IN  TROPICAL  RADIATIVE- 
CONVECTIVE  EQUILIBRIUM 
A.M.Tompkins  (1)  and  G.C.Cr^g  (2) 

(1)  Max-Planck-Institut  fiir  Meteorologie,  Bundesstrasse  55,  20146  Hamburg, 
Germany,  (2)  Department  of  Meteorology,  University  of  Reading,  UK. 
Tompkins«dkr2.de/Pax:  [49]  40  41173  -  366 

In  an  undisturbed  environment,  the  tropical  atmosphere  tends  towards  a 
state  of  radiative-convective  equilibrium.  The  timescale  on  which  this  balance 
is  achieved  is  an  important  issue.  This  convective  heating  and  moistening 
response  has  been  previously  suggested,  for  example,  as  central  to  ampURcatlon 
of  large-scale  wave-motions,  and  their  successful  simulation  in  global  models. 

To  examine  internal  convective  variability,  we  have  integrated  a  three- 
dimensional  cloud-resolving  model  with  an  interactive  radiation  scheme  to  a 
state  of  radiative-convective  equilibrium.  Using  a  model  that  explicitly  resolves 
convection  avoids  the  timescales  assumptions  built  into  parameterizations 
schemes,  but  does  not  allow  the  two-way  interaction  between  convection  and 
large-scale  wave  motions  to  be  studied  due  to  the  limited  dommn  size. 

It  is  found  that  the  approach  to  equilibrium  can  be  divided  cleanly  by  a  process 
separation  into  two  timescales;  a  long  20  day  exponential  trend  to  equilibrium 
superimposed  by  short  timescale  variability  that  is  almost  solely  associated 
with  convective  activity.  Of  the  two  possible  mechanisms  of  surface  fluxes  and 
radiation  it  is  found  that  the  latter  determines  the  long-timescale  adjustment. 


A  SENSITIVITY  STUDY  OF  RADIATIVE-CONVECTIVE 
EQUILIBRIUM  IN  THE  TROPICS  WITH  A  CONVECTION¬ 
RESOLVING  MODEL 
Kuan-Man  Xu  and  D.  A.  Randall 

Department  of  Atmospheric  Science,  Colorado  State  University.  Fort  Collins, 
CO  80523,  USA. 

kmxuOatraos. colostate.edu/Fax:  [+1]  970  491  8428 

Statistical-equilibrium  (S-E)  states  of  radiative-convective  systems  in  tropical 
oceanic  conditions  are  simulated  with  a  cloud  ensemble  mode)  (CE.M)  in  this 
study.  Typical  large-scale  conditions  from  the  Marshall  Islands  and  the  eastern 
tropical  Atlantic  regions  are  used  to  drive  the  CE.M, 

The  simulated  statistical-equilibrium  precipitable  water,  column  temperature 
and  relative  humidity  profile  are  almost  identical  to  the  observed  for  both 
regions  when  observed,  time-invariant  large-scale  advective  cooling  and  moist¬ 
ening  effects  are  imposed.  They  are  higher  than  the  observed  if  observed,  time- 
invariant  large-scale  ascent  is  imposed  for  the  Marshall  Islands  region  (i.e.. 
ignoring  horizontal  advective  effects).  Compared  with  results  from  two  simi¬ 
lar  studies,  the  simulated  S-E  state  from  this  study  is  somewhere  between  the 
cold/dry  regime  by  Sui  el  al.  and  the  warm/humid  regime  by  Grabowski  et 
al.  Temporal  variations  of  the  imposed  large-scale  vertical  motion  make  the 
simulated  S-E  slate  slightly  colder  and  drier.  It  remains  about  the  same,  how¬ 
ever,  if  the  magnitude  of  the  imposed  large-scale  vertical  motion  is  halved,  The 
S-E  stale  is  much  colder  and  drier  if  the  large-scale  ascent  is  zero  or  if  solar 
radiation  is  absent.  In  general,  the  results  show  that  wet  column  are  thermally 
stable  and  dry  columns  are  thermally  unstable, 

Column  budget  analyses  are  performed  to  explore  the  differences  among  the 
simulations  performed  in  this  study  and  among  the  different  studies. 
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GCM  CLIMATE  CHANGE  SCENARIOS  FOR  BLLGARU 

V.A.  Alexandrov 

National  Institute  of  Meteorology  and  Hydrology,  BG-1784  Sofia,  Bulgaria 
Vessel  i  n,  Ale.'tandrov@meteo,bg 

Climate  change  scenarios  for  Bulgaria  using  global  circulation  model  (GCM) 
outputs  were  derived  and  analyzed.  The  GCMs  used  in  the  study  are  those  from  the 
Canadian  Climatic  Center  (CCC),  Goddard  Institute  for  Space  Studies  (GISS), 
Oregon  State  University  (OSU).  Geophysical  Fluid  Dynamics  Laboratory  (GFDL  R- 
30).  United  Kingdom  Meteorological  Office  (UK89)  and  Hadley  Centre  in  the 
United  Kingdom  (HCGG  and  HCGS  which  integrates  the  negative  forcing  effect 
from  sulfate  aerosols.  The  GCM  simulations  regarding  the  current  climate  were 
compared  to  the  averaged  database  of  the  obseived  climate.  The  GtTMs  do  not 
perfectly  simulate  the  present  climate  in  Bulgaria.  Nevertheless,  the  I.VCO2  OSU. 
HCGG  and  HCGS  outputs  are  in  a  relatively  good  agreement  with  baseline  air 
temperature  from  June  to  March.  They  could  be  considered  as  the  most  appropriate 
global  circulation  models  for  monthly  air  temperature  in  Bulgaria  (e.vcept  April  and 
May)  among  the  GCMs  used  in  the  study.  According  to  the  2xC02  GCM  outputs 
used  in  the  study  annual  temperatures  in  Bulgaria  are  projected  to  rise  between  2.9° 
(HCGS)  and  5.8°C  (UKMO).  Under  the  GFDL-T  transient  scenario  in  the  2000s, 
2030s  and  2060s  annual  temperatures  are  projected  to  increase  by  1.2°,  2.2°  and 
3.9°C.  respectively.  In  general,  precipitation  is  e,Npected  to  increase  during  the 
winter  and  to  decrease  during  the  warm  half-year(CCC,  GISS.  GFDL  R-30.  OSU). 
The  2.\C02  UK89  and  HCGS  models  even  project  minor  increasing  only  in 
November  and  July,  respectively  . 


DETECTING  EXTERNAL  FORCINGS  OF  THE  ATMOSPHERE 
USING  THE  ERA  DATA  SET 
M.  Barfred 

Danish  Meteoroiogical  Institute,  DK-2100  Copenhagen  G,  Denmark. 
mbOdmi.dk/Fax:  [45]  39  15  74  60 

The  European  Re-Analysis  (ERA)  data  set  provides  not  oniy  re-analysed 
observations,  but  also  short  range  forecasts  based  on  these  data.  A  forecasted 
field  will,  of  course,  deviate  from  the  observed,  re-analysed  field.  Assuming  a 
realistic  model  and  perfect  observations,  this  deviation,  also  called  analysis  in¬ 
crement,  may  in  most  cases  mainly  be  assigned  to  instrumental  inhomogeneities 
and  external  forcings  that  are  not  considered  by  the  forecast  model.  The  con¬ 
tribution  by  instrumental  inhomogeneities  is  assumed  to  be  mainly  on  a  time 
scale  of  years.  Thus,  the  analysis  increment  will,  particularly  on  shorter  time 
scales,  provide  a  measure  of  external  forcings.  This  paper  presents  a  study  of 
analysis  increments  of  temperature  fields  at  several  pressure  levels. 

Some  external  forcings  such  as  the  strong  emissions  of  sulfate  aerosols  from 
the  vulcanic  eruptions  of  El  Chichon  (1982)  and  Pinatubo  (1991)  are  easily 
identified,  and  serve  as  a  good  verification  of  this  method.  Particular  attention 
is  paid  to  possible  forcings  originating  from  solar  activities.  Both  Forbush  de¬ 
creases  which  has  a  time  scale  of  days  and  forcings  on  the  longer  time  scale 
of  the  10-12  year  solar  cycle,  like  the  reported  influence  of  cosmic  ray  flux  on 
cloud  cover,  has  been  investigated.  Though  the  results  ate  less  conclusive  on 
the  longer  time  scales,  this  study  of  temperature  fields  shows  little  evidence  of 
forcings  induced  by  such  solar  activities. 


MEDITERRANEAN  SEA:  INCREASE  IN  GREENHOUSE  EFFECT, 
AIR  AND  SEA  TEMPERATURES  AND  FRESHWATER  DEFICIT 

J.P.  Bethoux,  B.  Gentili 

Laboratoire  de  Physique  et  Chimie  Marines,  University  Paris  6,  UA  CNRS/INSU, 
BP  8,  F-  06238  Villefranche-Sur-Mer,  France. 
bethoux@ccrv.obs-vIfr.fr  /Fax:  33  4  93  763739 

In  the  deep  waters  of  the  western  basin,  increasing  trends  of  temperature  and  salinity, 
observed  since  the  early  1960s  (Bethoux  and  Gentili,  1996),  may  be  simulated  by 
surface  evolutions  of  heat  and  water  budgets  across  the  sea  surface,  i.e.  two 
concomitant  driving  forces.  Over  the  1940-1995  period,  the  estimated  change  in 
greenhouse  effect  simulating  the  warming  trend  reaches  1.74  Wm■^  which  is  in 
agreement  with  the  calculated  change  (GIE,  1995),  and  sea  surface  and  air  temperaWre 
increases  amount  to  0.4  and  0.5°C,  respectively.  Simulation  of  salinity  trends 
requires  an  increase  in  water  deficit  of  0.10  m  a"'  in  1995.  This  originates  in: 
i)  decreases  in  Nile  river  outflow  (after  the  closing  of  High  Dam  in  1954),  and  Ebro 
river  outflow  (human  freshwater  use);  ii)  increase  in  salty  flow  from  the  Red  Sea 
(following  the  deepening  and  widening  of  the  Suez  canal);  iii)  decrease  in 
precipitation  over  the  Mediterranean;  iv)  increase  in  evaporation  (feedback  from  the 
surface  temperature  increase).  Causes  are  both  from  anthropogenic  and  climatic 
sources.  Mediterranean  sensitivity  to  climatic  and  environmental  changes  constitutes 
chances  to  monitor  present  changes,  if  climatic  and  socio-economic  data  exist. 
Bethoux.  J.P.  and  Gentili,  B.,  1996.  J.  of  Mar.Systems,  7:  383-  394. 

GIEC,  1995.  Changements  climatiques  1995.  PNUE/OMN,  pp.  64. 


RESPONSE  OF  THE  NCAR  CLIMATE  SYSTEM  MODEL  TO 
CHANGING  GREENHOUSE  GASES 

B.  A.  Boville  (1),  J.  T.  Kiehl  (1),  G.  A.  Meehl  (1),  S.  Solomon  (2)  and  R. 
Portmann  (2) 

(1)  National  Center  for  Atmospheric  Research,  Boulder,  CO,  USA,  (2)  NOA.4 
Aeronomy  Laboratory,  Boulder,  CO,  USA. 

The  NCAR  Climate  System  Model  (CSM)  is  a  relatively  new  model  of  the 
physical  climate  system,  including  coupled  atmosphere  and  ocean  general  cir¬ 
culation  models,  a  dynamic  sea  ice  model  and  a  land  surface  model.  This  paper 
summarizes  results  of  several  CSM  experiments  in  which  the  concentrations 
of  greenhouse  gases  change  with  time.  Trends  are  compared  with  the  natural 
variability  of  a  300  year  control  simulation  and  with  the  observed  record. 

An  idealized  experiment,  following  the  guidelines  for  CMIP2,  in  which  CO2 
increased  from  present  levels  (355  ppmv)  by  1%/year  will  be  discussed.  This 
experiment  was  run  until  the  CO2  concentration  tripled  (115  years)  and  is 
compared  to  a  300  year  control  simulation.  In  this  experiment,  the  global  mean 
surface  temperature  increases  by  ^  1.3  K  at  the  time  of  CO2  doubling  (70 
years).  The  equilibrium  temperature  increase  for  CO2  doubling  is  ~  2  K,  as 
determined  by  experiments  with  a  50  m  slab  ocean. 

A  more  realistic  series  of  experiments  is  currently  underway,  in  which  changes 
in  the  principal  greenhouse  gases  (CO2.  O3  CH4,  N2O,  CFCll,  and  CFCi2) 
and  sulphate  aerosol  from  1870-1990  are  included.  These  experiments  begin 
from  an  approximate  equilibrium  condition  for  1870  and  account  for  most  of 
the  greenhouse  gas  changes  since  pre-industrial  times. 


MAIN  SEGULAXmES  OF  THE  CLIMATE  CHANGES  OF  UXXAINE  IN 
THEFAST 

Svetlana  G.  Boydunko,  assisieni,  Ibe  Depaftment  of  oettorology  and 
diinatoloEy  of  the  Kiev  T.  SbevdianLo  UnivenBy. 

Tbe  was  made  a  critical  analysis  of  materials  conceniinB  dtanges  of  land-stirface 
temperature,  iniensity  of  atmospheric  predpitation  and  statistia  of  catastrophic 
hydro-meteorological  phenomena  on  the  territory  of  Ukraine,  obtained  on  the 
basis  of  results  of  meteorolofiical  paleo-ieconstruction,  hittofical  (manoscryt) 
records  and  huttumcntal  hydro-meteorological  observations.  There  were  found 
general  changes  regularities  of  tbe  dimate  of  Ukraine  during  the  last  10  000 
years.  There  were  considered  conditions,  in  whidt  the  dimatic  fields  of  land- 
surface  temperature  and  the  intensity  of  prec^tation,  which  took  place  in  warm 
periods  of  the  past,  may  be  analogous  for  tbe  dewlopment  of  scenarios  of 
Ukrainian  dimate  Ganges  in  the  itear  fiitnte  taking  into  account  forecasted 
global  warming  being  the  result  of  the  anthropogenic  increase  of  tbe  green-house 
gases  effect. 

Tbe  statistia  of  catastrophic  hydro-auteorological  processes  is 

quantified  by  the  well-kncwn  relation  for  Puasson  Out  of  eireius.  There  were 
made  estimates  of  the  Puasson  flux  of  CHMP  on  the  territory  of  Ukraine  and 
there  was  considered  the  possibility  of  their  use  for  forecast  of  global  watmtug 
influence  on  the  statistia  of  CHMP  on  the  lerritoty  of  Ukraine  fat  the  near 
future. 

Svetlana  O.  Boychenko,  2S2022,  Ekv  -  022,  st.Vassilkivska,  90,  TeL:  38  (044) 
2(C  53  27,  fax;  38  (044)  U6  52  18,  B-mail;  yam@cki.Vcikscv.oa 
OA  17.  Climate  variability:  models  and  observations.  05.  Predidion  and 
detection  of  anthropogenic  dimate  diange.  Convener:  T.C.  Johns  (Brariknell). 
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POSSIBLE  CHANGES  IN  EL-NINO/SOUTHERN  OSCILLATION 
IN  A  WARMER  CLIMATE 
M.  Collins  and  S.F.B.  Tett 

Hadley  Centre  for  Climate  Prediction  and  Research,  UK  Met.  Office,  London 
Road,  Bracknell,  Berkshire  RG12  2SY.. 

The  El-Niho/Southern  Oscillation  (ENSO)  is  examined  in  the  Hadley  Cen¬ 
tre  climate  model  to  asses  any  future  changes  in  the  behaviour  of  ENSO  in  a 
warmer  climate.  Various  simulations,  forced  with  transient  increases  in  CO2 
alone,  transient  increases  in  CO2  and  sulphate  aerosols,  and  simulations  with 
equilibrium  changes,  are  compared  with  a  multi-century  control  run  forced 
with  present  day  CO2  levels.  ENSO  indices  from  the  model  and  from  the  ob¬ 
servations  are  compared  using  spectral  and  wavelet  analysis  techniques.  These 
measures  of  ENSO  activity  are  tested  for  statistical  significance  against  the 
control  integration  which  is  used  to  estimate  a  measure  of  the  "natural”  vari¬ 
ability  of  ENSO.  The  preliminary  indications  are  that  power  in  the  2-3  year 
band  of  the  NIN03  index  increases  in  many  of  the  increased  CO2  simulations. 
If  the  model  predictions  are  correct,  this  implies  that  ENSOs  will  become  more 
frequent  in  a  warmer  climate. 


VARIATIONS  IN  HEMISPHERIC  AIR-SURFACE  TEMPERATURE 
ASSOCIATED  WITH  LARGE  SCALE  FLOW  PATTERNS 

S.Corti  (1)  and  F.  MoUeni  (L  2) 

(1)  CINECA  -  CwitK)  di  Calcolo  Tntcruniversitario  dellTtalta  NonJ-Orientale, 

(2)  F.CMWF  -  European  Centre  for  medium  Range  Weather  Forecasts 
coiti<^cxneca.it 

To  what  extent  the  recent  upward  trend  in  hemispheric  mean  surface  air 
ten^crature  should  be  purely  ascribed  to  persistent  circulation-related 
anomalies,  is  still  an  open  question.  The  puiposc  of  this  study  is  to  clarify  the 
role  played  by  the  internal  atmospheric  vanabiiity  in  generating  herruspheric 
mean  surface  air  temperature  anomalies.  To  investigate  this  problem  an 
ar^aiysis  is  performed  oc  a  basis  of  monthly  mean  values  from  a  lOOO-ycars 
integration  6if  thV  ECHAMl-LSG  coupled  model  in  which  only  the  cold 
sea.son  was  considered.  In  order  to  isolate  important  coupled  modc.s  of 
variability  between  rime  series  of  500  hPa  gcopotential  height  and  two  metres 
temperature,  a  Canonical  Correlation  Analysis  (CCA)  was  carried  out.  The 
two  fields  were  prefiltered  by  retaining  only  the  projection  of  each  field  on  a 
(particular)  subset  of  its  Empirical  Ortho^nal  Functions  (EOFs)  then 
applying  CCA  This  analysis  has  identified  fairly  distinct  patterns  associated 
widi  po.silivc  and  negative  trends  of  the  hemispheric-mean  .surface  air 
temperature.  It  is  found  that  fluctuations  in  hemispheric-mean  surface  air 
temperature  in  the  model  are  correlated  with  the  strength  of  the  North  Atlantic 
O.scillation.  The  model  re.sults  are  then  compart  with  the  avrulable 
observations. 


QUANTIFYING  THE  UNCERTAINTIES  DUE  TO  LAND- 
SURFACE  SCHEMES  IN  CLIMATE  CHANGE  PREDICTION 
J.  F.  Crossley  and  J.  Polcher 

Laboratoire  de  Meteorologie  Dynamique  du  C.N.R.S.,  BP  99,  4  Place  Jussieu, 
75252  Paris,  France. 
crossleyOlmd . jussieu . f r 

In  their  1995  report,  the  IPCC  identified  land-surface  processes  as  an  area  of 
large  uncertainty  in  predictions  of  global  and  regional  climate  change  due  to 
greenhouse  gases.  The  Land  Surface  Processes  and  Climate  Response  project, 
funded  by  the  European  Union,  is  an  attempt  to  determine  the  magnitude 
of  this  uncertainty  through  collaboration  between  modelling  centres.  In  this 
work  four  atmospheric  general  circulation  models  were  used  to  perform  at  least 
two  pairs  (control  and  anomaly)  of  climate  simulations.  The  difference  between 
each  pair  was  a  change  in  some  aspect  of  the  land-surface  scheme  used.  The 
experiments  were  all  time-slices  of  at  least  10  years  with  the  same,  specified  sea 
surface  temperature  and  sea  ice  data.  For  several  regions,  statistically  signifi¬ 
cant  changes  in  regional  climate  can  be  picked  out  from  model  noise,  and  the 
differences  and  similarities  across  the  land-surface  schemes  and  GCMs  analysed. 
For  some  regions  and  variables,  results  for  the  same  GCM  with  changed  land- 
surface  parametrisation  cluster  together  whereas  in  other  regions  the  difference 
between  land  surface  schemes  equals  that  between  GCMs.  In  the  Amazon  basin 
for  example,  the  difference  in  climate  response  between  land-surface  schemes 
was  similar  to  that  between  GCMs. 


THE  EFFECT  OF  UNCERTAINTIES  IN  RADIATIVE 
FORCING  ON  SURFACE  TEMPERATURE  TREND 
PREDICTIONS 

P.  M.  de  F.  Forster  and  N.  Christidis 

Department  of  Meteorology,  Reading  University,  Reading,  RG6  6BB, 
U.  K. 

This  paper  examines  the  range  of  uncertainty  in  our  knowledge  of  the 
anthropogenic  and  natural  radiative  forcings  since  1850.  Simple 
climate  models  and  an  Intermediate  General  Circulation  Model 
(IGCM)  are  used  to  crudely  examine  the  likely  effect  of  these  forcings 
on  the  surface  temperature  trend.  It  is  concluded  from  these 
experiments  that  any  agreement  between  time-dependent  global-mean 
surface  temperature  trends  and  surface  temperature  trends  from  GCM 
runs,  which  include  only  a  few  of  these  forcings,  are  probably  only 
fortuitous,  and  as  such  the  evolution  of  surface  temperature  in  these 
experiments  to  not  constitute  a  “detection  of  anthropogenic  climate 
change”. 


REGIONAL  IMPACTS  OF  THE  VEGETATION  FEEDBACKS 
IN  DOUBLED-CO2  CLIMATE  EXPERIMENTS 

H.DouviUe^.  S.Planton\  J-F. Royer*,  L.Kergoat*,  R.Betts® 

*  CNRM,  42  Av.  Coriolis,  31057  Toulouse  Cedex  01,  France 
^  LET,  13  Av.  Colonel  Roche,  31405  Toulouse  Cedex  0-1,  France 
3  Hadley  Centre,  BrackneU  RG12  2SY,  U.K. 

Three  lO-yoar  doubled  CO3  experiments  have  been  performed  with  the 
ARPEGE  atmospheric  genera!  circulation  model  of  M^t^o-France  in  order 
to  investigate  how  the  CO3  impact  may  be  affected  by  possible  vegetation 
feedbacks.  Besides  a  first  time-slice  experiment  with  no  modification  of 
the  vegetation  properties,  two  other  experiments  have  been  performed  in 
which  changes  in  the  plants’  physiolog>’  (stomatal  resistance)  and  structure 
(vertical  density  of  the  canopy)  have  been  explored.  On  global  and  annual 
average,  the  vegetation  feedbacks  do  not  much  modify  the  model’s  response 
to  the  CO3  doubling.  On  the  regional  scale,  the  effect  may  be  much  more 
significant,  which  is  demonstrated  through  the  example  of  the  Indian  sum¬ 
mer  monsoon.  Despite  the  increased  land-sea  temperature  contrast,  the 
monsoon  circulation  and  precipitation  are  weaker  in  the  first  time-slice  ex¬ 
periment,  due  to  a  competition  between  convection  over  the  Indian  continent 
and  the  Indian  Ocean.  This  impact  successively  disappears  and  reappears 
when  the  physiological  and  structural  feedbacks  of  the  terrestrial  vegetation 
arc  considered.  This  result  shows  the  need  for  including  more  interactive 
land  surface  schemes  in  climate  models,  in  order  to  capture  all  the  processes 
involved  in  the  carbon  and  water  cycles. 


CIRCULATION  MODES  AND  THEIR  INTERDIURNAL  VARIABILITY 
IN  THE  ECHAM  GCM 

Martin  Dubrovsky  and  Radan  Huth 
Institute  of  Atmospheric  Physics,  Czech  Republic 
(dub@ufa.anet.cz;  www.hk.cesncl.cz/dub.htm) 

The  contribution  addresses  two  items:  (i)  validation  of  the  ECHAM  GCM  in 
terms  of  circulation  patterns  and  their  interdiurnal  variability,  and  (ii)  potential 
changes  in  circulation  regime  in  2xC02  climate.  Circulation  is  expressed  as  a 
linear  combination  of  Principal  Components  (PCs)  which  represent  leading 
modes  of  variability  in  5(X)  hPa  geopotential  height  field.  Geopotentia!  data  were 
available  in  three  variants:  (i)  raw  data,  (ii)  low-passed  data  (to  filter  out 
high-frequency  variations)  and  (iii)  band-passed  data  (to  retain 
synoptic-time-scale  variations).  PCs  were  derived  separately  for  the  4  seasons  of 
the  year,  from  a)  observed  data,  b)  GCM  (ECHAM3/T42)  control  run  (present 
climate),  and  c)  GCM/2XCO2  run.  Comparison  of  circulation  modes  (spatial 
patterns  of  PC  loadings)  and  their  interdiurnal  variability  (represented  by  Iag-1 
correlations  among  PC  scores)  derived  from  individual  data  sets  shows:  (i)  the 
circulation  modes  are  well  reproduced  in  GCM/conlrol  run,  (ii)  good 
correspondence  between  GCM/control  and  GCM/2XCO2  modes  suggest  only 
small  changes  in  circulation  regime  over  Europe  due  to  doubled  CO2,  (iii)  the 
GCM/conlrol  circulation  is  more  persistent  (compared  to  observation)  and 
closer  to  GCM/2XCO2  than  to  observation. 
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Changes  in  extreme  daily  precipitation  predicted  by  general 
circulation  models  under  scenarios  of  increased  C02  concentration 

C.  F.  Dunnan  (1),  J.  M.  Gregory  (1),  S.  E.  George  (1),  K.  J.  Heimessy  (2) 

(1)  Hadley  Centre  for  Climate  Prediction  and  Research,  UK  Met  Office,  London 
Road,  Bracknell,  Berks,  RG12  2SY,  UK 

(2)  CSIRO  Division  of  Atmospheric  Research,  Private  Bag  No.  1,  Aspendale, 
Victoria,  3195  Australia 

A  change  in  the  intensity  and  distribution  of  daily  precipitation  towards  more  extreme 
events  in  certain  areas  is  predicted  by  Hadley  Centre  general  circulation  models  (GC- 
Ms)  in  greenhouse  gas  (GHG)  emission  scenarios.  This  shift  could  have  significant 
consequences,  resulting  in  floods,  for  instance,  in  some  areas.  In  this  study,  changes 
in  precipitation  intensity  are  characterised  by  appeal  to  the  probability  density  func¬ 
tions  of  daily  precipitation  amounts  at  each  location,  because  it  may  be  more 
instructive  to  define  extreme  events  in  terms  of  geographically  dependent  probabili¬ 
ties,  rather  than  fixed  value  thresholds.  We  also  compare  the  GCM  results  for  changes 
in  extreme  events  over  Europe  with  corresponding  results  from  a  limited  area  model, 
the  Hadley  Centre  Regional  Climate  Model. 


CLIMATE  CHANGE  DUE  TO  A  COa  INCREASE  AS  SIMU¬ 
LATED  BY  THE  IPSL  COUPLED  MODEL 
L.  Fairhead,  J,-L.  Dufresne,  H.  Letreut,  L.  Li 

Laboratoire  de  Meteorologie  Dynamique  du  CNRS,  UPMC,  4  Place  Jussieu, 
BP  99,  75252  Paris  cedex  05,  France,  Laboratoire  de  Meteorologie  Dynamique 
du  CNRS,  UPMC,  4  Place  Jussieu,  BP  99,  75252  Paris  cedex  05,  France. 
Laurent. FairheadClmd.juasieu.ir/Fax;  [33]  0144276272 
The  IPSL  coupled  model  has  been  used  for  two  eighty-year  simulations',  a  con¬ 
trol  simulation  with  constant  COa  concentration  and  a  scenario  simulation  with 
a  1%  yearly  increase  in  COa  concentration.  The  absence  of  any  flux  corrections 
implies  that  an  initial  drift,  which  stays  reasonable,  is  present  in  the  two  simu¬ 
lations.  The  genera!  characteristics  of  the  control  simulation  will  be  presented 
as  well  as  the  perturbations  on  the  atmospheric  and  oceanic  circulations  due 
to  the  COa  increase  and  particularly  the  SST  perturbation  which  is  peculiarly 
strong  along  the  equator  in  the  Pacific.  Comparisons  with  similar  experiments 
using  a  simple  oceanic  mixed  layer  as  the  oceanic  component  of  the  coupled 
model  will  be  made  to  illustrate  the  part  of  oceanic  circulation  in  the  perturbed 
simulations. 


A  STUDY  FOR  THE  IDENTIFICATION  OF  COa  SOURCE 
AREAS. 

S.  Ferrare.se  (11.  D.  Alberto  (1),  C.  Cassardo  (2),  A.  Longhetto  (1) 

(1)  Department  of  General  Physics,  University  of  Turin 

(2)  D.S.T.A.  University  of  Turin 
ferrarese@ph.unito.it  /  Fax:  -1-39-11-658444 

We  present  a  study  concerning  the  distribution  of  CO2  atmospheric  concentration 
and  its  possible  sources  on  synoptic  scale.  The  used  method  is  the  following: 

a)  we  have  measured  the  continuous  concentration  of  CO2  concentration  at  the 
alpine  station  of  Plateau  Rosa 

b)  we  have  calculated  backwards  trajectories  of  air  crossing  the  monitoring  station 
every  6  hours.  For  the  trajectory  calculation  we  have  used  the  wind  speed  fields 
provided  by  the  ECMWF  objective  analysis. 

c)  we  have  calculated  the  medium  field  of  CO2  concentration  on  European  area 
following  what  was  suggested  by  A.  Stohl  (Trajectory  Statistics-A  new  method  to 
establish  source-receptor  relationships  of  air  polluttants  and  its  application  to  the 
transport  of  particulate  sulfate  in  Europe,  Atmospheric  EnvironmenL  vol.30,  n,4, 
1996) 

The  described  procedure  is  applied  to  the  data  period  April  1993-  March  1995. 

The  results  are  presented  and  discussed. 


SIGNIFICANCE  OF  ROOTING  DEPTH  ON  CLIMATE 
CHANGE  PREDICTION 

N.  Gedney  and  P.  J.  Valdes 

Meteorology  Dept,  Reading  University,  Reading  RG6  6BB,  U.K.. 

The  IPCC  report  predicts  increased  summer  drying  in  the  Northern 
Hemisphere  in  an  enhanced  greenhouse  climate.  This  of  major  signifi¬ 
cance  as  it  affects  a  major  agricultural  belt  as  well  as  many  other  land 
areas.  One  factor  determining  the  vegetation  stress  is  the  total  water 
availability,  which  is  closely  related  to  the  rooting  depth.  However  there 
is  currently  limited  biome  rooting  depth  data  available  and  it  is  generally 
not  directly  applicable  to  GCMs. 

As  part  of  the  Land  Surface  Processes  and  Climate  Response  collab¬ 
orative  project,  the  ECMWF’s  (European  Centre  for  Medium-Range 
Weather  Forecasts)  IFS  GCM  (version  15rl)  is  used  to  carry  out  a  num¬ 
ber  of  2x002  simulations.  The  SST  fields  are  prescribed  and  based  on 
climatology,  with  adjustments  made  for  2xC02  conditions.  Experiments 
are  performed  with  a  range  of  globally  uniform  rooting  depths  which  are 
chosen  to  cover  most  of  the  observed  variation.  Finally  a  geographically- 
varying  rooting  depth  field  is  developed  and  tested.  The  importance  of 
rooting  depth  is  assessed,  both  in  terms  of  the  accuracy  of  the  present 
day  simulation  and  on  its  effect  on  climate  change  sensitivity. 


THE  DOn-VENCE  OF  GLOBAL  WAXMINC  ON  THE  LEVEL  OF  THE 
BLACK  AND  AZOV  SEAS 

bma  A.  Dorotbenko,  post-firaduate  ttudeol,  tha  dcpailment  ef  meteorolotar  and 
difliatalojsy  of  the  Kiev  T.  Sltfvcbeiiko  Univenily 

Thare  was  "«»a»  the  stalittical  aaalytls  of  testnumaotal  auatnnments  of  Blade 
aad  Azov  seat'  tevcls  duriat  <bc  last  100  ytars.  Hm  nsahs  watt  conyatad  with 
tha  iBstnHBaatal  data  on  tha  state  of  l^-suifaca  tataparatora  of  tha  Nofth 
Haausphaia  and  also  with  tha  own  inaaata  of  tha  World  Ocean  lavcL  All 
anatbars  an  wcU  conalattag  (conalation  coafBdtats,  for  axaapla,  batwaan  the 
dtaneas  of  averaea  tasnpafatiira  and  tha  level  of  tha  Bladt  laa  it  D,S7,  and 
between  the  chaneet  of  tha  levels  of  the  BtaiA  and  Azov  seat  -0,TQ  and  have  the 
tandendas  to  inccaata  on  the  backeronnd  of  tow-baqaancy  fhictiiations,  whtds  is 
the  evidence  of  the  twitmuioa  of  tiobal  wanaine  on  the  leval  of  not  only  the  World 
Ocean  as  a  vrhola  but  also  intcmal  seas.  It  was  fotind  that  BlaiA  and  Azov  itas 
are  laactins  qniddy  eaoi^  on  the  ten^eratun  rtianfiit  and  can,  in  tonu  tense, 
be  eSmate  indicators.  Tha  tatubt  ware  used  for  fotacastine  the  chances  of  tha 

hval  of  tha  Black  and  Azov  teas  in  tha  near  futnra. 

!».■.  A.  Doroshenko,  ZS2022,  Kicv-022,  st.Vassilkavtka,  90,  TeL:  38(044)  2(( 
S3  27,  fax:  38  (044)  2M  S2  18,  B-mail;  yatB9ai.^kiev.na 
OA  17.  CUtaate  variability:  models  and  observations.  OS.  Prediction  and 
detection  of  anthropocenic  ditnata  changa.  Convancr:  T.C.  Johns  (BracknaQ. 
poster 
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NONPARAMETRIC  TEST  OF  AR  ORDER  WITH  APPLICA¬ 
TION  TO  THE  GCM-SIMULATED  AND  MEASURED  AIR  TEM¬ 
PERATURES 

J.  Kalvova  (1),  J.  Jureckova  (1)  and  J.  Picek  (2) 

(1)  Fac.  of  Mathem.  and  Physics,  Charles  University,  Prague,  Czech  Republic, 

(2)  Technical  University,  Liberec,  Czech  Republic. 
jaroslaTa.kalvovaOmff.cuni.cz/Fax:  [+420  2]  2191  2533 

Estimate  of  the  impacts  of  climate  change  on  agriculture,  water  resource  man¬ 
agement  etc.  requires  high  resolution  (in  space  and  time)  air  temperature  data. 
Since  the  output  from  general  circulation  models  (GCMs)  is  frequently  unre¬ 
liable  at  the  local  scale,  alternative  method  to  obtain  such  data  is  to  use  a 
stochastic  weather  generator,  which  employs  an  autoregressive  model  to  simu¬ 
late  the  daily  extreme  air  temperatures.  New  nonparametric  tests  of  the  order 
of  the  autoregression  in  the  time  series,  based  on  autoregression  rank  scores, 
were  recently  developed  by  Hallin  and  Jureckova,  1997.  These  tests  and  order 
identification  procedure  will  be  applied  to  a  30  years  dataset  of  daily  extreme 
temperatures  in  south  Moravia  (Czech  Republic)  over  the  period  of  1961-1990 
and  to  daily  temperature  series  simulated  by  GCMs  for  IxCOs  and  2xC02 
climate. 


WHETHER  THE  GLOBAL  WARMING  CAN  BE  AVOIDED  ACCORDING  TO 
THE  “IRON  THEORY”  OF  DR  J.  MARTIN? 

G.G.  Khundzhua,  E.G.  Andreev,  V.N.  Aksenov, 

E.V.  Karavaeva.  Yu.G.  Smirnova 

Dept.of  atmospheric  physics,Moscow  State  University,  Moscow,  1 1 9899, Russia 

On  the  basis  of  the  rlata  obtained  by  instrumental  measurements  carried  out  by 
our  research  group  in  the  open  sea  and  laboratory  it  was  shown  that  it  is  impossible  to 
stop  warming  of  the  climate  as  predicted  by  the  “iron  theory"  of  Dr.  J.  Martin.  The  idea 
was  that  phytoplankton  in  the  ocean  needs  iron  and  if  the  ocean  were  “fertilized”  with 
iron  compounds,  the  growth  rate  and  abundance  of  phytoplankton  would  increase.  This 
would  lead  to  fixing  CO]  dissolved  in  sea  water  in  the  process  of  photosynthesis  and, 
conseriuently,  to  reduction  of  air  emissions  of  COj.  In  the  course  of  the  experiment  a 
6S-km'  patch  of  the  equatorial  Pacific  1600  km  west  of  Ecuador  coast  was  fertilized  by 
sprinkling  450  kg  of  iron  sulfate  from  a  ship.  This  yielded  500  ton  of  phytoplankton 
and  the  emission  of  carbon  dioxide  from  the  ocean  was  reduced  by  60%.  Thus,  it 
seemed  that  the  experimental  results  fully  confirmed  the  “iron  theory"  and  provided  a 
way  to  reduce  the  greenhouse  effect. 

However,  the  results  of  the  “iron  theory"  should  be  treated  with  caution  doe  to 
the  fact  that  the  experiment  did  not  take  into  consideration  other  possible  processes 
which  accompany  induced  growth  of  phytoplankton.  Incidentally,  growth  of  biomass  in 
the  ocean  would  undoubtedly  cause  clouding  of  sea  water  and,  hence,  transformation  of 
the  absorbed  solar  radiation  into  heat.  As  a  result  the  emission  of  water  vapor  into  the 
atmosphere,  increases,  which  leads  to  enhancement  of  the  greenhouse  effect. 


TREND  ESTIMATES  FROM  US  ROCKETSONDE  STATIONS 
AT  LOW  LATITUDES  (8‘>S-34'‘N),  TAKING  INTO  ACCOUNT 
INSTRUMENTAL  CHANGES  AND  NATURAL 
VARIABILITY. 

P.  Keckhut  (1),  F.J.  Schmidlin  (2),  A.  Hauchecome  (1),  and  M.L. 
Chanin  (2) 

(1)  Institut  Pierre  Simon  Laplace,  Service  d'Aeronomie  du  CNRS, 
France,  keckhutfgaerov.jussieu.fir,  (2)  NASA  Goddard  Space  Flight 
Center,  Wallops  Flight  Facility,  USA. 

Long-term  changes  of  temperature  and  wind  data  obtained  with  US 
rocketsondes  at  6  selected  sites  at  Northern  tropical  and  subtropical 
locations  (from  8°S  to  34°N)  have  been  investigated.  The  analysis 
method  used  here  is  based  on  a  multi-functions  regression  analysis 
that  takes  account  for  a  continuous  linear  trend,  for  natural  variability, 
as  well  as  sudden  change  of  the  mean  due  to  successive  instrumental 
improvements.  Changes  in  the  time  of  measurement  may  also  impact 
on  trend  estimates  due  to  tidal  effects.  This  effect  is  probably 
enhanced  by  the  direct  solar  radiative  heating  on  the  sensor.  .Using  this 
analysis,  a  significant  cooling  of  1  to  3  lUdecade,  increasing  with 
height  (20-60  km)  is  detected  in  the  upper  stratosphere.  A  similar 
analysis  on  zonal  wind  data  reveals  no  significant  trends  larger  than 
0.5  m/s/year. 


ON  THE  ENERGY  RELATED  CLIMATE  VARIABILITY 
A.  lotova 

National  Inatitute  of  Meteorology  and  Hydrology,  Bulgarian 
Academy  of  Sciences 

Antoaneta.lotova@meteo.bg/Fax:  43592-884-494 

The  Importance  of  interaction  between  climate  as  one  of  the  main 
natural  systems  and  energy  as  a  major  sector  In  the  economy 
defines  the  necessity  to  study  this  Interaction  In  deep.  The  paper 
presents  results  from  such  a  study  focused  on  the  energy  related 
climate  variability.  The  study  aims  to  describe  and  quantify 
relations  between  the  energy  related  Greenhouse  Gas  emissions, 
C02  and  NOx  in  particular,  and  some  basic  climatic 
characteristics  like  average  temperatures  at  regional  scale.  The 
analysis  within  the  study  Is  performed  In  the  framework  of  the 
concept  lor  the  differences  between  the  global  and  regional  pattern 
of  the  climate  system  behaviour.  On  the  other  hand,  predictions  for 
the  future  state  of  this  system  are  mostly  necessary  at  regional 
scale  for  the  development  of  relevant  energy  policy  for  a  country  or 
region,  the  study  provides  basis  to  formulate  principles  for  the 
development  of  such  a  policy  In  order  to  support  decision-makers. 


Sea  Level  Rise;  HadCM2  Model  Predictions 
J  A  Lowe  and  J  M  Gregory 

The  Hadley  Centre  for  Climate  Prediction  and  Research 

Observations  indicate  that  the  global  mean  sea  level  has  risen  at  a  rate  of 
approximately  1.8  mm  yrl  during  the  past  century.  Furthermore,  modelling  studies 
suggest  that  increased  atmospheric  concentrations  of  greenhouse  gases  will  result  in  an 
increased  rate  of  sea  level  rise  in  the  future.  In  this  work,  both  the  global  mean  and  the 
spatial  pattern  of  sea  level  rise  predicted  by  the  HadCM2  model  are  presented.  The 
spatial  pattern  of  sea  level  rise  is  shown  to  be  spatially  inhomogeneous  with  a  range 
that  is  of  the  same  order  of  magnitude  as  the  global  mean  sea  level  rise  associated  with 
thermal  expansion.  The  pattern  of  sea  level  rise  determined  from  the  change  in  the 
model's  inferred  sea  surface  height  is  compared  with  the  patterns  of:  heat  uptake  by  the 
ocean,  thermal  expansion  deduced  from  changes  in  modelled  ocean  temperature 
structure,  and  changes  in  surface  wind  stress  and  atmospheric  pressure.  In  addition,  the 
depth  and  spatial  variation  of  the  terms  in  the  Navier  Stokes  equation  are  considered 
in  order  to  elucidate  the  changes  in  ocean  circulation  that  are  concomitant  with  the  sea 
level  rise. 


ESTIMATING  CLIMATE  TRENDS  BY  NONPARAMETRIC 
REGRESSION 

1.  Matyasovszky 

Department  of  Meteorology,  Eotvos  Lorand  University 
matya®  Itidens  .elte.hn/Fax:  +  36- 1  -2 1 0-1086 

Trend  analysis  of  climatoiogical  time  series  has  an  important  role  in 
description  of  climatic  ch.mges.  A  general  model  for  time  series  y^,  yi,..., 

y„,  is  y=0,l . n  where /(t)  is  a  deterministic  fimetion  called 

trend  fimetion  which  has  to  be  estimated  and  {Cj}  is  a  sequence  of 
uncorrelated  random  variables  with  zero  expectation.  Knowing  the  analytical 
form  of  fit)  the  estimation  is  straightforward.  Unfortimately,  the  typical  case 
is  that  form  is  not  known  and  therefore  a  model  is  chosen  for  flfy. 
Nonparametric  regression  methods,  which  do  not  require  the  choice, 
represent  estimators  unbiased  up  to  kth  derivative  of  the  trend  fimetion 
defined  by  a  local  kth  order  polynomial  approximation  of/(t).  The  problem 
results  in  a  weighted  linear  combination,  i.e.,  smoothing  of  the  observations 
{yj}.  The  question  is  how  to  choose  smoothing  weights  and  range  of 
smoothing  (bandwidth).  The  presentation  discusses  these  problems,  as  well 
as  the  advantage  of  locally  varying  bandwidth.  Methodologies  concerning 
the  choice  of  bandwidth  will  be  applied  to  a  Northern  Hemispheric 
tem|)eranire  anomaly  data  set. 
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A  TIME-SLICE  EXPERIMENT  WITH  THE  ECHAM4 
A-GCM  AT  ENHANCED  RESOLUTION:  FIRST  RESULTS 

Wilhelm  May  (1)  and  Erich  Roeckner  (2);  (1)  Danish  Meteorological 
Institute,  Lyngbyvej  100,  DK-2100  Copenhagen  0,  (2)  Max-Planck- 
Institute  for  Meteorology,  Bundestr.  55,  D-20146  Hamburg 

A  time-slice  experiment  has  been  performed  employing  the  ECHAM4  A- 
GCM  at  a  horizontal  resolution  of  T106  with  each  time-slice  covering  a 
period  of  30  years.  The  first  time-slice  represents  the  present  day  climate 
and  the  second  one  the  climate  at  a  time,  when  the  CO2  concentration 
in  the  atmosphere  has  doubled.  In  these  time-slices  the  atmosphere  has 
been  forced  by  lower  boundary  files,  that  are  monthly  mean  values  of  the 
sea  surface  temperatures,  the  sea-ice  extent  and  the  sea-ice  thickness, 
obtained  from  a  transient  simulation  with  the  ECH.-VMl/OPYC  A-0- 
GCM  at  a  horizontal  resolution  of  T42,  where  the  concentrations  of  the 
important  greenhouse  gases  had  been  prescribed  according  to  the  IPCC 
scenario  1992a.  We  present  results  showing  the  anticipated  change  in 
the  general  circulation  due  to  a  doubling  of  the  CO2  concentration  in 
the  atmosphere  as  derived  from  these  time-slices.  This  includes  seasonal 
mean  fields  of  various  meteorological  variables  as  well  as  variations  on 
sub-seasonal  timescales. 


PERFORMANCE  OF  CURRENT  CLIMATE-MIDDLE  ATMO¬ 
SPHERE  MODELS:  RESULTS  FROM  THE  GRIPS  INITIATIVE 

S.  Pawson  (1),  K.  Kodera  (2)  and  30  co-authors  (3) 

(1)  Universities  Space  Research  Association,  Greenbelt,  US.4,  (2)  Meteorolog¬ 
ical  Research  Institute,  Tsukuba,  Japan,  (3)  Various  affiliations. 
pawsonCpolska . gsf  c . nasa . gov 

Current  interest  in  the  middle  atmospheric  effects  on  climate  motivated  the 
formation  of  the  SPARC  (Stratospheric  Processes  and  their  Role  in  Climate) 
project  of  the  World  Climate  Research  Programme.  One  initiative  of  SPARC  is 
designed  to  assess  the  performance  of  current  climate-middle  atmosphere  mod¬ 
els;  thirteen  models  ate  presently  included,  all  of  which  include  a  full  represen¬ 
tation  of  the  hydrological  cycle  and  radiative  processes  and  extend  upwards  to 
at  least  I  hPa. 

One  of  the  first  exercises  of  the  GCM-Reality  Intercomparison  Project  for 
SPARC  (GRIPS)  is  an  assessment  of  the  models  simulation  of  the  current 
climate.  This  gives  a  background  for  planned  sets  of  experiments,  which  will 
investigate  how  well  the  effects  of  middle  atmospheric  change  on  climate  can 
be  predicted. 

The  present  paper  will  discuss  results  of  GRIPS,  first  concentrating  on  the 
simulated  structure  in  the  lower  stratosphere  and  upper  troposphere.  The  im¬ 
portance  of  the  reference  climatology  will  be  emphasised.  The  second  focus  of 
the  presentation  will  be  on  the  structure  of  the  mean  standing  waves  in  the 
troposphere  and  stratosphere  in  the  Northern  Winter.  These  two  issues  have 
tremendous  implications  for  current  and  future  climate  simulations. 


TESTING  FOR  GLOBAL  WARMING  AGAINST  STATIONARY 
NATURAL  CLIMATE  VARIABILITY 
J.D.  Pelletier 

Mail  Code  150-21,  Caltech,  Pasadena,  CA  91125,  USA. 
j  onCgps .  Caltech .  edu/Fax:  626-585-1917 

Several  papers  have  considered  whether  the  mean  global  temperature  record  is 
statistically  significant  relative  to  the  warming  trend  possible  due  to  the  natural 
variability  of  the  climate  system.  However,  previous  work  is  not  definitive  due 
to  the  qualitative  nature  of  the  results  and/or  the  use  of  a  single  General 
Circulation  Model  run  as  representative  of  the  natural  climate  variability.  I 
show  that  the  natural  variability  of  the  system,  as  represented  by  pre-industrial 
time  series  of  atmospheric  temperature  variations,  is  statistically  stationary 
and  the  autocorrelation  of  the  time  series  is  determined.  Model  global  and 
regional  time  series  statistically  identical  to  those  observed  are  then  generated 
in  monte  carlo  simulations  to  quantitatively  determine  the  likelihood  that  the 
mean  global  warming  and  regional  warming  trends  are  statistically  sigmficant 
relative  to  the  natural  variability.  Both  the  global  and  regional  warming  trends 
are  found  to  be  entirely  consistent  with  natural  variability. 


THE  IMPACT  OF  A  COMPLEX  LAND-SURFACE  SCHEME  ON 
THE  RESULTS  OF  A  CLIMATE  CHANGE  SIMULATION 

3.  Polcher  and  J.  F.  Crossley 

Laboratoire  de  Meteorologie  Dynamique  du  C.N.R.S.,  BP  99,  4  Place  Jussieu, 
75252  Paris,  France. 

Jan.Polchoreimd.jussieu.fr/Fax:  [33]  1  44  27  73  52 

Most  climate  change  experiments  have  been  carried  out  with  GCMs  coupled 
to  simple  land-surface  schemes.  In  this  study,  the  impact  of  upgrading  to  a 
complex  land  surface  on  the  simulated  climate  change  will  be  analysed. 

Within  the  project  “Land-surface  processes  and  climate  response”  two  time- 
slice  experiments  for  a  climate  with  enhanced  CO2  concentration  have  been 
carried  out.  The  oceanic  surface  conditions  produced  by  the  Hadley-Centre 
were  used.  The  first  time-slice  was  performed  with  the  standard  BUCKET 
scheme,  which  has  been  in  use  in  most  GCMs,  the  second  one  uses  the  complex 
scheme  SECHIB.A,  which  includes  an  explicit  representation  of  the  canopy.  The 
impact  on  the  hydrological  cycle  over  continents  in  a  changed  climate  will  be 
the  focus  of  the  analysis. 

A  third  time-slice  experiment  will  be  performed  in  which  the  surface  conduc¬ 
tance  will  be  changed  to  represent  the  response  of  the  vegetation  to  a  CO2 
enriched  environment.  This  effect  will  be  compared  to  that  of  the  change  in 
land-surface  schemes. 


COMPARISON  OF  ATMOSPHERE  MODEL  AND  COUPLED 
MODEL  CLIMATE  CHANGE  DETECTION  ESTIMATES. 

D.M.H.  Sexton  and  C.K.  Folland 

Hadley  Centre  for  Climate  Prediction  and  Research,  Meteorological  Office, 
U.K.. 

dsextonhme  1 0  .gov.uk 

We  show  a  new  approach  to  climate  change  detection  and  attribution  using 
an  atmospheric  general  circulation  model  (AGCM).  Ensembles  of  AGCM  runs 
were  forced  with  the  observed  history  of  sea  surface  temperature  (SST)  and 
sea  ice  extent  and  a  variety  of  forcing  factors  added  incrementally. 

We  compare  these  runs  from  those  from  coupled  model  (CGCM)  runs  forced 
with  the  same  changing  anthropogenic  forcings.  The  AGCM  detects  a  signal 
that  is  additional  to  any  feedbacks  between  the  anthropogenic  forcing  and  the 
ocean.  We  show  that  the  "residual”  anthropogenic  signal  in  the  AGCM  is  not 
much  smaller  than  the  CGCM  signal.  For  zonally  averaged  vertical  profiles  of 
temperature,  the  AGCM  internal  variability  is  on  average  substantially  less 
than  that  of  the  CGCM.  Thus  we  detect  anthropogenic  influences  at  a  clearly 
statistically  significant  level  in  the  troposphere  and  lower  stratosphere. 

However,  only  a  CGCM  can  simulate  the  full  impact  of  anthropogenic  forcing 
on  the  climate,  so  the  AGCM  provides  a  complementary  detection  and  analysis 
method.  Accordingly,  the  Hadley  Centre  has  now  started  parallel  runs  of  an 
.AGCM  and  a  CGCM  with  the  same  time-varying  forcings,  where  the  CGCM 
has  the  same  atmospheric  component. 


SIMULATED  CHANGES  IN  BAROCLINIC  WAVE  ACTIVITY 
OVER  THE  ATLANTIC:  A  NAO  VARIABILITY  EFFECT? 

U.  lllbrich.  Institut  fUr  Geophysik  und  Meteorologie  der  Universitat  zu 
Koln,  Kerpener  StraBe  13,  D-50923  K61n,  Germany. 

M.  Christoph,  Max-Planck-Institut  fUr  Meteorologie,  BundesstraBe  55, 
D-20146  Hamburg,  Germany 

In  accordance  with  a  number  of  other  GCM  experiments,  the  coupled 
ocean-atmosphere  GCM  ECHAM4(T42,  L19)  +  OPYC3  simulates  an 
increased  upper  air  stormtrack  activity  (bandpass  filtered  500  hPa  geo¬ 
potential  height  variability)  over  the  East  Atlantic  and  Western  Europe 
with  increasing  CO2  forcing.  A  consistent  signal  is  also  found  in  the  dis¬ 
tribution  of  surface  cyclones.  While  the  deepest  cyclones  are  located  over 
the  central  Atlantic  for  all  CO2  forcings  considered,  the  cyclone  depth 
distribution  is  shifted  towards  lower  core  pressures  over  the  East  Atlantic 
and  European  sector.  Previous  observational  studies  link  such  a  distribu¬ 
tion  also  with  the  variability  of  the  North  Atlantic  Oscillation  (NAO).  It 
turns  out  that  the  anthropogenic  change  in  baroclinic  wave  activity  cannot 
be  regarded  as  an  artefact  of  the  particular  dominating  NAO  phases  dur¬ 
ing  the  simulation  episodes  considered.  Although  the  signal  to  noise  ratio 
is  rather  low,  there  are  indications  of  a  systematic  change  towards  higher 
mean  NAO  index  values  with  increasing  greenhouse  gas  concentrations. 
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INTERPRETATION  OF  WINTER  WARMING  AT  NORTHERN 
HEMISPHERE  CONTINENTS  IN  1977-1994 
E.M.  Volodin 

Institute  of  Numerical  Mathematics,  Moscow,  Russia. 
volodineinra.ras,ru/Fax:  [-1-7  095]  938  1821 

Northern  Hemisphere  December-March  near-surface  temperature  and  pressure 
anomalies  of  1977-1994  relatively  to  1946-1976  are  considered.  These  anomalies 
can  be  decompose  into  two  almost  orthogonal  components.  The  first  one  reach¬ 
es  its  maximum  in  1977-1988.  Main  features  of  anomalies  of  1977-1988  can  be 
obtained  as  the  atmosphere  general  circulation  model  (AGCM)  response  to  sea 
surface  temperature  anomalies  observed  in  1977-1988.  The  second  component 
reaches  its  maximum  in  1989-1994.  Main  features  of  anomalies  of  1989-1994  rel¬ 
ative  to  1977-1988  can  be  obtained  as  the  AGCM  response  to  low  stratosphere 
ozone  depletion  observed  in  1989-1994. 

Model  response  to  low-stratosphere  ozone  depletion  was  studied.  It  was  shown 
that  it  almost  coincides  with  the  dominant  mode  of  model  low-frequency  vari¬ 
ability.  The  same  is  true  for  the  observed  anomalies  of  1989-1994.  Additional 
AGCM  runs  showed  that  large  response  to  a  small  low-stratosphere  external 
forcing  can  be  obtained  if  the  external  forcing  (in  our  case  anomalous  zonal 
mean  radiative  heating)  is  spatially  correlated  with  the  spatial  structure  of 
zonal  mean  vertical  movement  associated  with  the  dominant  mode.  This  con¬ 
dition  is  satisfied  for  observed  low-frequency  variability  and  low-stratosphere 
ozone  depletion.  So,  real  atmosphere  can  be  strongly  sensitive  to  small  varia¬ 
tions  of  the  ozone  in  low  stratosphere. 


NONLINEAR  PROCESSES  IN  GEOPHYSICS  (NP) 

NPl  Scaling,  multifractals  and  nonlinear  variability  in 
geophysics 

Convener:  Schertzer,  D. 

Co-Convener:  Lovejoy,  S.M. 

01  Scaling,  multifractals  and  nonlinearity  in  Solid 
Earth  (co-sponsored  by  SE) 

Convener:  Schmittbuhl,  J. 

Co-Conveners:  Bak,  P.;  Turcotte,  D.L. 


BURRIDGE-KNOPOFF  MODEL  AND  SELF-SIMILARITY 
P.G.Akishin  (1,2,3),  M.V.AUaisky  (1,2, 3, 4),  I.Antoniou  (2,5), 

A.D.Budnik  (1,2)  and  V.V.Ivanov  (1,2) 

(1)  Laboratory  of  Computing  Techniques  and  Automation,  Joint  Institute  for 
Nuclear  Research,  Dubna,  141980,  Russia,  (2)  International  Solvay  Institute 
for  Physics  and  Chemistry,  CP-231,  ULB,  Campus  Plaine,  Bd.  du  Triomphe, 
1050,  Brussels,  Belgium,  (3)  European  Commision,  Joint  Research  Centre, 
1-21020  Ispra  (Va),  Italy,  (4)  Space  Research  Institute  RAS,  Profsoyuznaya 
84/32,  Moscow,  117810,  Russia,  (5)  Theoretische  Natuurkunde,  Free  University 
of  Brussels,  Brussels,  Belgium. 
altaiskyfllinserv.jinr.ru/Fax:  [-1-007]  09621  65145 
The  seismic  processes  are  well  known  to  be  self-similar  in  both  spatial  and 
temporal  behavior.  At  the  same  time,  the  Burridge-Knopoff  (BK)  model  of 
earthquake  fault  dynamics,  one  of  ^the  basic  models  of  theoretical  seismicity, 
does  not  posses  self-similarity.  In  this  article  an  extension  of  BK  model,  which 
directly  accounts  for  the  self-similarity  of  earth  crust  elastic  properties  by  in¬ 
troducing  nonlinear  terms  for  inter-jolock  springs  of  BK  model,  is  presented. 
The  phase  space  analysis  of  the  model  have  shown  it  to  behave  like  a  system 
of  coupled  randomly  kicked  oscillators.  The  nonlinear  stiffness  terms  cause  the 
synchronization  of  collective  motion  and  produce  stronger  seismic  events. 


SEMI-CMraUCAL  MODELS  OF  AGE  TRANSFORMATION  OF  THE 
CLIMATE  OF  UKRAINE  FOR  MODERN  ERA 

Volodymyr  M.Yoloihchuk,  profewor,  Svetlana  G.  BoycAcnko,  atsistent,  the 
depaftfnent  of  dimatology  of  tbe  Cyiv  T.  Shevdienko  Univeniiy. 

Thtre  were  obtained  sefni-enqurical  models  of  Calds  of  the  foltoirine 

characteristics  of  the  dimate  of  Ukraine:  aeteofolotkal  norms  (avtra^  for  the 
period  lHt-1990),  dispersion  from  year  to  year  and  coclBcieat  of  hnear  tnnd 
(period  1W-199C0  land-surface  Ite^craturts  and  intensity  of  atmospMfk 
prec^aiion.  The  models  are  based  on  representation  of  time  dependency  of  the 
mentioned  ehmatic  characteristics  in  form  of  three  items  (annua]  conqpooeBl  and 
two  hannonir  components)  and  approxlmatiofi  of  the  depoidency  from 
geo^^hical  co-ordinates  by  linear  pofynomials. 

It  was  found  that  dian^eabdity  ofland-sorface  temperatures  from  year  to  year  is 
^pfoximated  hy  normal  (Gauu)  distribution.  There  was  considered  the  statistic 
hypothesis  tegardln;:  the  dkoice  of  the  approximation  irh»«iiit  of  chaneetbiHty 
distfibotion  of  atmospheric  precipitation  intensity  on  the  basis  of  Aamma- 
distfibution  or  lot-normal  ^t-Ganss)  distribution.  Than  was  an  anafysis 
of  possible  physical  causes  responsible  for  formation  of  received  particularities  of 
ifie  transformation  of  land-sorfaa  temperatun  fiaiWt  aiui  intensity  of 

precipitation  in  Ukraine  (decrease  of  summer  ten^eraturc  in  south-west  rations 
of  Ukraine,  decrease  of  annoal  intensity  of  precipitation  in  north-west  ntions). 

Volodymyr  M.  Voloshchuk,  252022,  Kmv-022,  si.VassUktvska,  90,  TcL:  38(044) 
53  27,fax:  38  (044)  256  52 18,  B-mail:  yam@ckL9fikiev.iM 
OA  17.  Chmate  variability:  models  end  observations.  05.  Prediction  and 
detection  of  anthropogenic  dimate  change.  Convener  T.C.  Johns  (BradeneU). 
poster 


VARIATIONS  OF  PREDICTABILITY  OF  STRONG  EVENTS  IN 
A  HIERARCHICAL  MODEL  OF  SEISMICITY 
E.  M.  Blanter  and  M.  G.  Shnirman 

International  Institute  of  Earthquakes  Prediction  and  Mathematical  Geo¬ 
physics,  Varshavskoe  sh.  79  korp.2,  Moscow  113556,  Russia. 
blanterCimn .  ips ,  ras .  ru/Fax:  [7]-(095)-310-70-32 

Predictability  of  strong  events  in  a  hierarchical  model  representing  general  fea¬ 
tures  of  seismicity  is  considered.  A  simple  algorithm  of  prediction  of  strong 
events  based  on  variations  of  the  average  magnitude  is  applied  in  order  to 
investigate  possible  variations  of  the  predictability. 

Two  kinds  of  variations  of  the  predictability  are  obtained  for  the  given  algo¬ 
rithm.  The  predictability  strongly  depends  on  parameters  of  the  model:  pre¬ 
dictable  and  unpredictable  synthetic  catalogs  exist.  Strong  temporal  variations 
of  quality  of  prediction  is  obtained  for  the  fixed  algorithm  and  parameters  of 
modeling.  Temporal  variations  are  also  observed  for  the  optimal  threshold  of 
the  prediction.  Observed  variations  may  explain  variations  in  the  predictability 
of  strong  earthquakes  in  different  seismic  regions  and  the  difference  between 
the  retrospective  and  forward  prediction. 


EXPERIMENTAL  ANALYSIS  OF  FRACTURE  RUGOSITY  IN 
GRANULAR  AND  COMPACT  ROCKS 
J.M.  Boffa,  C.  AUain  and  J.P.  HuUn 

Laboratoire  FAST,  Batiment  502,  Campus  Paris-Sud,  91405  Orsay  (France). 
boffafllast.iast.u-psud.fr/Feoc:  [-fSS]  1  69  15  80  60 

Self-affine  properties  of  the  rugosity  geometry  for  fractured  granite  and  sand¬ 
stone  samples  have  been  compared  using  two  experimental  techniques.  Me¬ 
chanical  profilometry  measurements  on  granite  confirm  that  Hurst’s  exponent 
H  is  close  to  0.8  over  the  full  experimental  range  (50/im  —  10cm)  as  reported 
previously.  For  sandstone,  the  rugosity  spectrum  is  independent  on  the  frac- 
turation  velocity  but  follows  a  power  law  only  above  a  cutoff  length  scale  of  the 
order  of  the  grain  size.  Moreover,  the  value  of  H  in  the  self-affine  part  is  dis¬ 
tinctly  smaller  (0.45  ±0.05)  than  for  granite.  Numerical  simulations  modelling 
the  faceted  shape  of  the  sand  grains  reproduce  the  cutoff  effect  while  keeping 
the  value  of  H  unchanged.  The  different  H  values  in  granite  and  sandstone  may 
reflect  the  extragranular  nature  of  fracture  in  the  latter  case.  These  results  are 
compared  to  measurements  of  the  lengths  of  shadows  on  such  surfaces  illumi¬ 
nated  under  grazing  incidence.  A  power  law  distribution  of  the  lengths  with 
and  exponent  -1-H  is  expected  up  to  a  cutoff  value  depending  on  the  amplitude 
of  the  rugosity  and  on  the  incidence  angle.  Diffusion  and  reflexion  phenomena 
give  varying  light  intensities  in  shadows  requiring  the  use  of  a  local  threshold¬ 
ing  algorithm.  Images  of  large  aspect  ratio  (8000  x  600)  are  used  to  improve 
the  measurement  statistics  on  the  distribution.  Results  obtained  with  this  tech¬ 
nique  are  in  fair  agreement  with  mechanical  profilometry  measurements. 
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BEHAVIOR  OF  THE  DIVERSnY  OF  FRAGMENTS  IN  PLATE 
BREAKING 

V  P.  Britoin.  M.A  F.  Goiiies(2).  and  FA  O  Souza(2) 
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Fragmentation  plays  an  important  role  in  many  geophysical  phenomena  e.  g.  in 
tectonics,  weathering,  and  natural  and  artificial  erqrloaons.  In  the  present  work,  we 
study  the  fragmentation  of  brittle  soUds  (cemort  and  cemait-gypsum  plates  of  square 
and  different  sizes)  under  application  of  periodic  impulsive  fitr^  emphasizing 
the  time  dependence  of  the  diversity  of  fiagments,  D(t),  which  is  defined  as 
D(t)  =  T,&  {n(s,t)),  where  e(x)  =  1.  if  x  >  0,  and  0  otherwise.  We  have  observed 
ftom  the  experiments  several  relationships  between  D(t),  the  total  number  of 
fiagments,  N(t),  and  the  size  of  the  plates.  Extensive  computer  simulations  of  the 
processes  using  Kghperfotmance  workstations  were  made  and  agree  with  4e 
experimental  data.  Among  other  relations  we  have  found  (i)  a  robust  scaling  relation 
between  the  maxima  of  N(t)  and  D(t),  i.e.  N„„  -  D„„’.  (u)  the  numbCT  rffi^nts 
of  aze  s  at  the  time  of  maximum  diversity,  n(s),  scales  as  n{s)  -s'  ,  in  close 

agreemem  with  a  recent  study  of  self-ocgaifized  criticality  hr  fiagmenting. 


PRINCIPLE  OF  FASTEST  RESPONSE  IN  GEOPHYSICS,  HY¬ 
DRODYNAMICS,  ETC. 

G.  S.  Golitsyn 
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Moscow,  Russia. 
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The  principle  says:  if  we  know  the  generation  rate  g  =  dAj  dt  of  a  certain  value 
A,  then  A  fti  qr,  where  r  is  the  shortest  time  the  system  in  consideration  has. 
In  nature  we  often  know  q,  such  as  the  solar  constant,  or  the  geothermal  heat 
flux  for  dynamics  of  atmosphere  and  ocean,  or  geodynamics.  In  hydrodynartiics 
the  comparison  of  times  due  to  various  terms  in  the  Navier-Stokes  equation 
gives  usual  similarity  criteria  of  Reynolds,  Rossby,  Mach,  etc.  The  principle 
reproduces  readily  all  major  results  of  hydrodynamics  of  forced  flows  in  tubes, 
gravity  field,  turbulence  in  3D  and  2D,  convection  with  and  without  rotation, 
mean  wind  on  terrestrial  planets,  etc.  New  results  ate:  frequency-intensity  spec¬ 
tra  for  tropical  cyclones,  earthquakes,  cosmic  rays.  Other  applications  of  the 
principle  may  be  envisioned.  Relationship  of  the  principle  to  the  similarity  the- 
ory,  frsw^tals  will  be  discussed. 


A  FRACTAL  APPROACH  TO  THE  STRUCTURAL  ANALYSIS  OF 
MELANGES 


DETERMINISM  AND  PRECURSORS  IN  EARTHQUAKE  IN¬ 
TERVALS 


Filippo  Catani(l)&PaolaVannucchi(I) 
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Melanges  exhibit  a  pronounced  non-coherent  deformation  and  the  recognition  of  this 
has  traditionally  let  to  the  application  of  classical  methods  of  structural  geology 
developed  in  the  ductile  strain  regime.  Despite  their  chaotic  appearance.  melMges 
should  show  some  degree  of  internal  organization  that  traditional  methods  often  do  not 
take  in  right  perspective.  The  wide  variety  of  genetic  mechanisms  responsible  of 
melanges  formation  complicates  further  on  this  picture.  So  far  several  studies  have 
been  showing  that  exist  some  kind  of  geometrical  self-similarity  relationship  among 
'different  kind  of  melanges.  The  investigated  relationships  are  mainly  connected  with 
the  spatial  pattern  of  blocks  in  matrix  distribution  and  the  frequency  distnbution  of 
blocks  themselves.  Based  on  these  fracul  properties,  our  attempt  concentratw  on  an 
alternative  approach  to  the  study  and  description  of  melanges.  The  studied  disrupted 
sequence  lies  on  western  coast  of  Tuscany,  near  the  city  of  Livorno.  From  a 
stratigraphic  point  of  view  it  belongs  to  Ae  "Patombini  Shales  formation  of 
Cretaceous  age.  It  consists  of  a  deformed  series  of  bedded  siltstones  and  limestones 
with  inierbedded  shales  that  locally  can  become  predominant  over  the  competent 
lithotypes.  Much  of  the  sequence  is  coherent  but  disrupted  units  are  present  where  the 
shales  prevail  and  in  association  to  a  major  shear  zone.  The  deformation  features 
recognized  here  are  both  symmetrical  and  asymmetrical  blocks,  isolated  hinges  ofen 
refolded  pinch-and-swell.  while  the  matrix  is  characterized  by  scaly  fabne.  C-S 
stiuctures  and  locally  by  some  crenulation  cleavage.  From  a  geometrical  (wmi  of  view 
a  melange  can  be  considered  as  a  binary  system  In  which  the  blocks  are  disenm  mated 
by  the  matrix.  The  fractal  model  that  better  fits  this  system  is  the  Sicipinski  Carpet  that 
can  be  theoretically  built  starting  ftom  a  square  generator  unit,  dividing  each  side  of  it 
in  three  equal  portions  and  subtracting  the  central  ninth  each  time  for  an  mrmite 
number  of  steps.  Obviously,  in  natural  systems,  the  best  fitting  model  is  a  random 
version  of  the  theoretical  Sierpinski  fractal,  characterized  by  different  fracul 
parameters  that  give  us  a  sort  of  geometrical  "signature"  of  melan^.  The  application 
of  this  models  to  the  studied  outcrops  can  lead  to  a  better  description  of  the  spatial 
distribution  of  the  differehl  blocks  helping  in  the  3D  strain  analysis.  Besides,  because 
of  the  promptness  of  that  fracul  method,  it  can  also  be  used  as  a  preliminary  approach 
in  alternative  to  classical,  time-consuming  methods. 


DETECTING  SCALING  LAWS  AND  NON-LINEAR  DINAMICS  IN 
GEOELECTRICAL  SIGNALS:  IMPLICATIONS  WITH  EARTHQUAKE 
PREDICTION. 


V.  Cuomo,  V.  Lapenna,  S.  Piscitelli  and  L.  Telesca  Gst.  di  Metodologie  Avanzate  di 
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M.  Macchiato  (Dip.  di  Scienze  Fisiche,  UnivereitO  di  Napoli,  Italy).  C.  Serio  (Dip.  di 
Ingegneria  e  Fisica  dell?Ambiente,  UniversitO  della  Basilicata,  Potenza,  Italy). 

In  this  work  precursory  geolectrical  time  series  measured  in  a  seismic  area  of  Southern 
Italy  are  examined,  both  in  frequency  and  in  time  domains.  The  Higuchi  fractal 
method  to  estimate  the  spectral  power-law  index  has  been  applied,  because  the 
correlation  between  the  length  curve  L(t)  and  the  time  interval  t  is  better  than  the 
correlation  between  the  power  spectrum  P(f)  and  the  frequency  f.  In  the  time  domain 
we  analyzed  the  predictability  of  geoelectrical  time  series  by  using  two  forecasting 
autoregressive  approaches:  the  global  autoregressive  approximation  and  the  local 
autoregressive  approximation.  The  first  views  the  data  as  a  realization  of  a  linear 
stochastic  process,  whereas  the  second  one  considers  the  data  as  a  realization  of  a 
non-linear  deterministic  process.  The  comparison  of  the  predictive  skill  of  the  two 
techniques  is  a  powerful  test  to  discriminate  low-dimensional  chaos  by  random 
dynamics.  Our  findings  are  that  in  the  geoelectrical  precursory  signals  the  stochastic 
nature  is  predominant.  Then,  all  the  possible  implications  with  the  short-term 
earthquake  prediction  are  discussed. 
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It  is  now  widely  believed  that  earthquakes  constitute  a  highly  nonlinear,  prob¬ 
ably  chaotic  process.  In  practical  earthquake  prediction,  earthquake-related 
parameters  are  monitored  in  the  field  to  detect  so-called  anomalies  with  pre¬ 
cursory  qualities  by  watching  for  ‘peaks’.  The  same  is  true  for  analysis  of  spatial 
seismicity  patterns  whose  temporal  properties  are  also  summarised  in  a  time 
series.  In  the  light  of  chaotic  processes,  however,  it  becomes  clear  that  this  sim¬ 
ple  approach  does  not  reflect  the  necessarily  higher  degree  of  freedom  of  the 
underlying  process.  To  be  able  to  monitor  properties  of  a  chaotic  system,  anal¬ 
ysis  must  instead  be  carried  out  in  phase  space.  In  the  case  of  low-dimensional 
deterministic  chaos  one  expects  a  so-called  strange  attractor  in  phase  space 
whose  properties  should  ideally  be  monitored  for  precursory  behaviour.  Unfor¬ 
tunately,  nonlinear  analysis  of  a  great  variety  of  teal  world  signals  has  shown 
that  the  signals  almost  always  posess  too  high  a  degree  of  freedom  for  numerical 
treatment,  due  to  noise  or  the  signals  true  inherent  complexity.  In  this  work, 
a  series  of  earthquake  intervals  was  constructed  directly  from  an  earthquake 
catalogue  and  a  low  dimensional  deterministic  structure  was  detected.  Deter¬ 
minism  of  the  attractor  was  confirmed  by  analysing  phase  randomised  data. 
Furthermore,  a  Poisson  distribution  could  not  produce  similar  results.  A  first 
application  of  ‘phase  space  monitoring’  is  shown  and  seems  promising. 


SIZE-FREQUENCY  DISTRIBUTION  OF  EARTHQUAKES  IN  HI¬ 
ERARCHICALLY  ORGANIZED  LOAD-TRANSFER  MODELS 
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Large  hierarchically  organized  sets  of  elements  (simulating  asperities  in  a  fault) 
are  loaded  to  the  point  of  complete  failure.  The  fracture  thresholds  of  individual 
elements  are  stochastically  distributed,  and  the  hierarchical  structure  for  load- 
transfer  is  of  the  fractal-tree  type.  During  the  breakdown  process  there  omur 
bursts  (earthquakes)  of  several  elements  breaking  simultaneously  at  a  given 
load.  Using  Monte  Carlo  simulations  we  compute  the  frequency  of  bursts  versus 
their  size.  This  shows  a  gross  power-law  behaviour  superimposed  by  a  wavy 
pattern  closely  related  to  the  coordination  number  of  the  fractal  tree  used  for 
the  load-transfer  structure. 
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STADY  OF  NONLINEAR  ELASTIC  PROPERTIES  OF  ROCKS  BY 
DYNAMIC  CHARACTERISTICS  OF  TECHNOGENEOUS  HARMONICS 

V.V.Gushchin  (Seismology  Department,  Radiophysical  Research  Institute,  N. 
Novgorod,  Russia);  O.V.Pavlenko  (Institute  of  Physics  of  the  Earth,  Moscow, 
Russia) 

Seismic  noise  recordings  from  seismic  stations  “Obninsk”,  “Kislovodsk”,  “Arti” 
(Russia),  and  “Dobrushka”  (Czech  Republic)  are  analysed.  All  recordings  contain 
industrial  harmonics,  such  as  I  Hz,  1.25  Hz,  2  Hz,  2.5  Hz,  etc.  Nonlinear  elastic 
properties  of  rocks  in  the  vicinities  of  seismic  stations  can  be  estimated  by 
coefficients  of  modulation  of  industrial  harmonics  by  intense  low-frequency 
processes,  as  storm  microseisms  and  tides.  To  estimate  nonlinear  elastic  pr<^>erties 
of  media,  so-called  “natural  widths”  of  spectral  lines  of  industrial  harmonics  and 
spectra  of  their  amplitude  and  phase  variations  are  studied.  The  results  are 
compared  with  the  results  of  numerical  modeling.  Conclusions  are  made  about 
parameters  of  elastic  nonlinearity  of  rocks  in  the  vicinities  of  the  seismic  stations. 
To  test  these  estimates,  bispectral  characteristics  of  seismic  noise  are  calculated  for 
the  studied  regions,  and  evaluation  of  parameters  of  elastic  nonlinearity  is  made  by 
bispectral  amplitudes  of  seismic  noise. 


A  CREEP-SLIP  MODEL  OF  EARTHQUAKE  FAULTS: 
ANALYTICAL  AND  NUMERICAL  RESULTS 
P.  Hahner  and  Y.  Drossinos 
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The  classical  spring-block  model  by  Burridge  and  Knopoff  (BK)  is  generalized 
in  a  way  to  account  for  the  irreversible  deformation  (creep)  of  the  fault  interface 
in  addition  to  rigid  sliding  displacements.  By  this  generalization  the  driving 
forces  are  allowed  to  relax,  and  a  rate  and  state-dependent  friction  with  velocity 
softening  is  introduced.  The  model  exhibits  a  new  kind  of  short-wavelength 
instability  which  is  associated  to  microfissuration  during  aseismic  creep  and  by 
means  of  which  parts  of  the  fault  self-organize  to  the  critical  state  defin^  by  the 
onset  of  velocity  softening.  The  model  is  discussed  in  relation  to  the  BK  model 
(where  this  type  of  instability  is  absent)  and  compared  to  threshold  models 
exhibiting  self-organized  criticality.  Numerical  results  show  intermittency  of 
the  seismic  cycle  and  give  power-law  scaling  of  the  event-size  distributions. 
Implications  of  the  model  with  respect  to  the  predictabilty  of  earthquakes  are 
discussed. 


FRACTAL  CHARACTER  OF  THE  EARTH’S  EVOLUTION 
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The  fractal  properties  and  scaling  of  the  Earth’s  magnetic  field  reversals  are 
the  peculiar  characteristic  of  the  Earth’s  evolution.  The  suggested  model  is 
based  on  that  the  thickness  of  the  Earth's  outer  core  was  gradually  increasing 
during  the  evolution;  the  formed  convective  cells  with  increasing  the  core  thick¬ 
ness  changed  so  that  their  number  decreased  when  the  cell  sizes  increased;  the 
Earth’s  magnetic  field  polarity  changed  when  the  regime  of  convection  changed; 
when  the  convection  was  steady,  the  magnetic  field  was  stable;  the  convective 
cells  arising  in  the  core  has  the  similar  fractal  structure  and  they  belong  to 
the  same  class  of  universality.  The  ordered  multitude,  characterizing  the  pe¬ 
riod  durations  of  the  steady  convection  and  the  period  of  its  structure  change 
and  possessing  the  scale  properties,  is  estimated  with  the  multitude  of  the  pe¬ 
riods  of  the  Earth’s  magnetic  field  reversals.  Their  community  suggests  that 
this  model  is  equivalent  to  the  nature  of  changing  the  polarity  of  the  Earth’s 
magnetic  field. 


THE  SELF-ORGANIZING  CRITICALITY  AS  THE  REASON  OF 
THE  GEOMAGNETIC  FIELD  REVERSAL 
V.  V.  Kuznetsov 
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According  to  the  ’’hot’  Earth’s  model,  the  region  of  the  phase  change  on  the 
inner  core  boundary  can  be  presented  in  the  form  of  the  large  number  of  inter¬ 
acting  elements  in  which  the  phase  change  "condensation-evaporation”  takes 
place.  Such  system  can  not  in  principle  to  achieve  the  thermodynamic  equilib¬ 
rium.  It  evolves  to  the  critical  state  in  which  any  small  event  causes  the  chain 
reaction;  the  system  changes  the  direction  of  the  phase  change,  for  example, 
the  advantage  of  condensation  changes  on  the  advantage  of  evaporation.  In  do¬ 
ing  so,  the  change  of  the  electric  field  polarity  takes  place  arising  on  the  phase 
change  and,  as  result,  the  polarity  of  magnetic  field  changes. 


THE  MAGNETIC  FIELD,  SCALING  STRATIFICATION  AND  THE 
MAGNETIZATION  SPHERO-SCALE 

S.  Pecknold,  S.  Loveiov  (McGill  University,  Dept,  of  Physics,  3600  University  St., 
Mondial,  Qudbec,  Canada,  H3A  2T8) 
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Jussieu  F-75252  Paris  Cedex  05,  France) 

The  standard  model  of  the  structure  of  the  earth  is  that  that  the  horizontal  and 
vertical  structures  are  qualitatively  quite  distinct;  the  latter  generally  being  tefered  to  as 
"strata".  Many  geophysical  fields  have  been  shown  to  be  scaling  in  both  horizontal 
and  vertical  directions;  this  raises  the  possibility  of  a  unified  horizontal/vertical 
description  and  model  based  on  generalized  scale  invariance  (GSI).  In  certain  cases 
such  as  the  susceptibility  (and  by  inference  magnetization),  it  has  been  empirically 
suspected  (Pilkington  and  Todeschuck  1993)  that  the  spectral  scaling  exponents  are 
different  in  the  two  directions.  Stratification  is  very  pronounced  at  small  scales,  but  at 
larger  scales  the  stratification  dimishes.  Eventually  one  power  law  exceeds  the  other 
(at  a  roughly  isotropic  scale  called  the  ’’sphero-scale"),  while  at  still  larger  scales,  the 
stratification  reverses  direction  (e.g.  mountains  have  ’’roots”). 

We  use  the  well-known  statistical  relationship  between  surface  magnetic 
anomalies  and  the  magnetization,  showing  that  if  the  latter  is  scaling  but  anisotropic, 
the  magnetic  field  will  have  a  break  in  the  scaling  at  the  sphero-scale  with  different 
high  and  low  frequency  exponents  that  are  related  to  the  ’’elliptical  dimension”  (Dd)  of 
the  magnetization.  Using  a  dozen  aeromagnetic  and  susceptibility  surveys  and 
borehole  data  we  show  that  Dd  ’•IB  (a  value  3  would  indicate  an  unstratified  earth,  a 
value  2,  totally  stratified),  and  (as  expected)  a  variable  sphero  scale  (in  the  ranee  =8  to 
-50km). 


A  FRACTAL  PIPE  MODEL  FOR  VOLCANISM 
J.D.  Pelletier 
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Volcanoes  within  volcanic  arcs  and  fields  are  clustered  in  space  and  their  erup¬ 
tions  are  clustered  in  time.  We  utilize  the  pair  correlation  function,  the  number 
of  pairs  of  volcanoes  as  a  function  of  the  radius  separating  the  pairs,  normal¬ 
ized  by  the  number  expected  from  a  Poisson  process,  to  quantify  the  clustering 
of  volcanoes  in  several  volcanic  arcs  and  vent  fields.  Scale-invariant  clustering 
is  observed.  The  pair  correlation  function  in  time  is  used  to  identify  scale- 
invariant  clustering  of  eruptions  in  time.  We  also  analyze  spatial  and  temporal 
clustering  in  volcanic  rocks  with  the  Radiometric  Databank  of  11,986  dated 
volcanic  rocks  in  the  North  American  Cordillera  and  find  scale-invariant  clus¬ 
tering  with  statistics  identical  to  those  of  distributed  seismicity.  In  addition, 
the  frequency-size  distribution  of  eruption  volume  is  a  power  law  analogous  to 
the  Gutenburg-Richter  distribution  for  earthquakes  with  a  ‘b’  value  of  1.  In  an 
attempt  to  explain  these  observations,  we  first  consider  a  model  for  the  spatial 
clustering  of  volcanoes  and  the  size  distribution  of  magma  chambers  in  terms 
of  a  simple  model  of  an  upwelling  instability  of  magma  through  the  upper  man¬ 
tle  and  crust.  This  model  geometry  is  then  used  in  copjuction  with  a  model 
for  the  fiow  of  magma  through  upwelling  channels  that  terminate  at  magma 
chambers  with  a  pressure-dependent  time-to-failure  probability  of  eruption. 
The  frequency-size  distribution  of  eruptions  and  the  clustering  of  volcanoes  in 
space  and  eruptions  in  time  are  identical  to  those  observed. 
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MULTIFRACTAL  TOPOGRAPHY  AND  ITS  BI-DIRECTIONAL 
REFLECTION  FIELD 

P.  Sagar.  S.  Pecknold,  S.  Lovejoy  (McGill  University,  Dept,  of  Physics.  3600 
University  St,  Montreal,  Quebec ,  Canada,  H3A  2T8) 

D.  Schertzer  (L.M.DyC.N.R.S.,  BP  99.  Universitd  Pierre  et  Marie  Curie,  4 
Piace  Jussieu  F-7S252  Paris  Cedex  05  France) 

The  analysis  of  OEM's  in  recent  years  has  led  to  considerable  evidence 
that  many  topographic  and  bathymmetric  fields  display  multiscaling 
characteristics  over  scales  rmging  from  the  size  of  the  Earth  down  to  at  ieast 
90m.  Remotely  sensed  surface  reflectivity  fields  also  show  multifractal  stetistics 
with  roughiy  the  same  basic  muitifractal  parameters;  apparently  only  the  non¬ 
conservative  parameter  H  is  significantly  different. 

Using  simple  theoretical  models  and  numerical  simulations  we  study 
the  relationship  between  the  scale-by-scale  statistical  properties  of  a  given 
radiance  field  and  those  of  the  underlying  topography  profile.  The  statistics  of  the 
calculated  radiance  field  are  then  compared  with  those  of  the  known  topography 
field,  allowing  direct  comparison  of  the  two  fields'  scaling  parameters  including 
those  determining  the  anisotropy  and  moiphology. 


ANOMALOUS  SCALING  OF  FRACTURE  SURFACES 
J.  Schmittbuhl  (1)  and  J.  Lopez  (2) 

(1)  Lab.  de  Geologic,  URA  1316,  Ecole  Normale  Superieure,  24  rue  Lhomond, 
75231  Paris  Cedex  05,  France,  (2)  Department  of  Mathematics,  Imperial  Col¬ 
lege,  180  Queen’s  Gate,  London  SW7  2BZ,  United  Kingdom. 
schmittbuhlCgaopliy.ens.fr/Fax;  [33]  144322200 

We  argue  that  fracture  surfaces  exhibit  anomalous  dynamic  scaling  properties 
akin  to  what  occurs  in  some  models  of  kinetic  roughening.  We  determine  the 
complete  scaling  behavior  of  the  growth  of  local  topography  fluctuations  of  a 
brittle  fracture  in  a  granite  block  from  experimental  data.  We  obtain  a  global 
roughness  exponent  x  =  1-2  which  differs  from  the  local  one,  =  0.79. 
Implications  on  fracture  physics  are  discussed. 


SELF-ORGANIZED  CRITICALITY  AS  A  RESULT  OF  HETERO- 
GENUITY  OF  MEDIA:  MIXED  HIERARCHICAL  MODEL 

M.  G.  Shnirman  and  E.  M.  Blanter 

International  Institute  of  Earthquakes  Prediction  and  Mathematical  Geo¬ 
physics,  Varshavskoe  sh.  79  korp.2,  Moscow  113556,  Russia. 
blanterCium.ips.ras.ru/Fax:  [7]-(095)-310-70-32 

We  are  interesting  in  investigation  of  general  features  and  appearing  conditions 
of  critical  behavior  in  self-similar  systems.  Two  kinds  of  critical  behavior  are 
separated.  An  unstable  critical  behavior  exists  in  isolated  points,  it  is  usually 
connected  with  a  phase  transition.  A  stable  critical  behavior  such  as  the  self- 
organized  criticality  exists  in  a  nondegenerate  area  of  system  parameters.  We 
consider  a  simple  model  where  both  kinds  of  criticality  are  achived. 

A  hierarchical  model  of  defects  representing  a  mixture  of  the  simplest  transi¬ 
tion  operators  is  suggested.  Four  kinds  of  system  behavior  are  realized:  stability, 
catastrophe,  phase  transition  from  stability  to  catastrophe  and  a  stable  critical 
behavior  (SOC).  The  condition  to  obtain  a  stable  critical  behavior  is  deter¬ 
mined  in  terms  of  parameters  of  the  mixture.  It  is  shown  that  the  self-organized 
criticality  expresses  heterogeneous  properties  of  the  media. 

Different  precursory  patterns  for  strong  earthquakes  reflecting  concrete  type  of 
system  behavior  are  described. 


HETEROSCEDASTICITY,  HURST,  AND  SURROGATE  DATA: 
PERSISTENCE  WITHOUT  PREDICTABILITY 
Leonard  A.  Smith  (1)  and  Myles  Allen  (2) 

(1)  Mathematical  Institute,  Oxford  University,  0X1  3LB,  U.K.,  (2)  AOPP, 
Oxford  University,  0X1  3PU,  U.K.. 
lenny6maths.ox.ac.uk/Fax:  [44]  1865  270  515 

The  analysis  of  a  variety  of  nonlinear  geophysical  data  sets  often  reveals  “long 
range  dependence”  which  is  in  turn  taken  as  an  indication  of  enhanced  pre¬ 
dictability.  It  is  illustrated  that  “long  range  dependence”  need  not  imply  any 
useful  increase  in  predictability.  This  is  the  case,  for  instance,  with  seasonal  het- 
eroscedasticity;  surrogate  data  methods  for  identifying  this  type  of  technically 
“nonlinear”  behaviour  are  provided.  Surrogate  data  consists  of  artificially  gen¬ 
erated  data  from  a  known  process  constructed  so  as  to  mimic  some  properties 
of  an  observed  data  set.  Its  value  lies  in  identifying  the  lack  of  significance  of 
a  particular  data  analysis,  when  the  same  analysis  of  a  “simiiar  looking”  data 
from  the  (known)  surrogate  process  yields  an  result  which  is  (known  to  be) 
incorrect.  Of  course,  even  if  the  observed  data  set  can  be  distinguished  from 
the  surrogate  data,  it  might  be  different  for  the  wrong  reason:  if  the  wrong 
properties  of  an  observed  data  set  were  mimicked,  then  the  particular  analysis 
may  still  be  insignificant.  Several  examples  are  provided. 


Log  Periodicity  in  the  Forest-Fire  Model 

D.L.  Turcotte.  B.D.  Malamud  and  G.  Morein 

Department  of  Geological  Sciences,  Cornell  University,  Ithaca,  NY  14853- 
1504  USA;  Turcotte@Geology.Cotnell.edu 

The  forest-fire  model  is  one  of  three  classic  examples  of  models  exhibiting 
self-organized  critical  behavior;  the  other  two  are  the  sandpile  and  slider- 
block  models.  Log-periodic  behavior  is  fractal  behavior  with  a  complex 
fractal  dimension.  In  the  simplest  form  of  the  forest-fire  model,  a  square 
grid  of  sites  is  considered.  At  each  time  step  a  site  is  randomly  chosen, 
either  a  tree  is  planted  on  the  site  (if  it  is  unoccupied)  or  a  match  is  dropped 
on  the  site.  If  a  match  is  dropped  on  a  site  with  a  tree,  that  tree  and  all 
adjacent  trees  bum.  The  sparking  frequency /o  specifies  the  number  of  trees 
planted  (or  attempts  to  plant)  before  a  match  is  dropped.  If  /o  =  1/100,  a 
match  is  dropped  after  each  99  time  steps.  For  very  small  firing  frequencies 
1/10,000  for  a  128  x  128  grid)  the  frequency-size  distribution  of  forest 
fires  cluster  at  well  defined  peaks.  These  peaks  approach  the  size  of  the 
grid  and  satisfy  a  log-periodic  relation.  This  behavior  can  be  explained  in  a 
straight-forward  manner.  The  exponential  growth  of  the  forest  density 
combined  with  a  periodic  triggering  mechanism  leads  naturally  to  log 
periodicity.  It  is  interesting  to  speculate  whether  observations  of  log- 
periodic  behavior  in  natural  phenomena  such  as  earthquakes  can  also  be 
explained  in  this  way. 


A  SCALING  LAW  BETWEEN  AN  ELECTRIC  PRESEISMIC 
ANOMALY  AND  THE  MAGNITUDE  OF  THE  ASSOCIATED 
EARTHQUAKE. 

F.  Vallianatos 

Technological  Educational  Institute  of  Crete,  Chania,  Crete,  Greece. 
fvallian@ee.teiath.gr  /  Fax:  +30  1  9415391  or  +30  821  28190 

Experimental  results  suggest  that  the  electric  earthquake  precursors  (EEP) 
emitted  from  various  regions  and  recorded  in  a  given  field  station  have 
maximum  electric  field  value  E  which  is  scaled  to  the  magnitude  M  of  the 
earthquake,  by  the  expression:  logE  =  QM+b;  (1)  where  a  is  a  positive  slope 
factor  lies  between  0.3  and  0.4  and  bi  is  connected  with  peculiarities  of  the 
observational  site.  Recently  a  model  based  on  the  motion  of  charged 
dislocation  (MCD  model)  has  presented  in  order  to  describe  the  generation  of 
EEP.  It  has  concluded  that  in  order  to  observe  an  EEP  distributed  emitting 
cells  are  required.  In  the  present  work  the  emitters  simulated  for  simplicity  by 
polarized  spheres  distributed  in  the  earthquake  preparation  volume.  Without 
the  assumption  of  any  underling  generation  mechanism,  an  induced 
polarization  P(t)=P,  u(t),  u(t)  is  the  step  function,  appears  in  the  volume  of  the 
sphere.  Since  P  varies  with  time  the  sphere  behaves  as  a  source  of  electric  and 
magnetic  field.  Introducing  the  hypothesis  that  the  number  of  emitting  spheres 
N  is  scaling  with  their  radius  R  as  Nccl/Rt> ,  we  lead  to  an  expression  similar  to 
(1)  where  a=(3-D)/2.  The  experiment  indicates  that  D  lies  between  2.2  and  2.6 
leading  to  Q  values  in  the  range  0.2-0.4,  in  comparison  with  the  observed  ones. 
The  latter  agreement  suggests  that  the  scaling  law  (1)  is  a  result  of  the 
geometric  distribution  of  the  emitters  in  the  earthquake  preparation  zone. 
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A  CHARACTERIZATION  OF  NONSTATIONARY  MULTIFRACTAL 
PROCESSES 

D.  Veneziano.  J.D.  Niemann,  and  R.L.  Bras 

Dept,  of  Civil  and  Environmental  Engineering,  MIT,  Cambridge,  MA,  USA 
venezian@mit.edu/Fax:  +617-253-6044 

Multifractals  are  ordinary  processes  X(t)  or  generalized  processes  X[h(t)]  that  satisfy 
certain  stochastic  scaling  conditions.  For  example,  a  multifractal  X(t)  satisfies  X(t)  ='' 
r'^ApCftt)  for  some  deterministic  H  and  some  random  A,,  with  E[A,]  =  1,  r  ^  1  or  r  S 
1,  and  t  in  a  certain  range.  The  above  scaling  condition  is  of  a  global  nature.  In 
addition,  the  increments  of  X(t)  may  scale  locally,  in  the  sense  that  X{t+T)-X(t)  ='’  f**' 
A,’[X(t+rT)-X(t)]  for  some  deterministic  H’  and  stochastic  A,’,  r  as  above,  and  any 
given  t  and  x.  In  the  special  case  when  A,  =  1  deterministic,  X(t)  is  self-similar.  Self- 
similar  processes  with  station^  increments  have  identical  loc^  and  global  scaling, 
with  H  =  H’  and  A,  -  A,*  =  1.  Analogous  global  and  local  scaling  properties  apply  to 
generalized  processes  X[h(t)].  We  show  how  processes  X(t)  and  X[h(t)]  with  various 
local  and  global,  self-similar  or  multifractal,  scaling  properties  are  related  to 
stationary  processes  and  to  processes  with  stationary  increments  and  how  such 
constructions  determine  the  scaling  parameters  {H,  A„  H',  A’l-  These 
characterizations  are  extensions  of  a  classic  result  by  Lamperti  (1962)  for  globally 
self-similar  processes.  An  example  of  ordinary  nonstationary  multifractal  is  the 
model  of  annual  maximum  stream  flows  hy  Gupta,  Mesa  and  Dawdy  (1994),  which 
is  globally  multifractal  with  A,  either  lognormal  or  log-Levy.  An  example  of 
generalized  multifractal  is  the  river  profile  model  of  Veneziano  et  al.  (1998;  this 
conference),  which  is  globally  self-similar  (H  =  1  and  A,  =  1)  and  locally  multifractal 
(H*  =  1  and  A,’  log-Levy  or  the  product  of  a  Bernoulli  and  a  lognormal  variable). 


NP3  Transport  and  mixing  in  geophysical  flows 

Convener:  Legras,  B. 

06  Mixing  in  the  interior  of  the  Earth  (recycling 
of  subducted  slabs)  (co-sponsored  by  SE) 

Convener:  Ricard,  Y, 


MANTLE  MIXING:  INFLUENCE  OF  3-DIMENSIONALITY  AND 
VISCOSITY  STRATIFICATION 

S.  Ferrachat  and  Y.  Ricard 

Laboratoire  des  Sciences  de  la  Terre  Ecole  Normale  Superieure  de  Lyon. 

Mixing  properties  of  the  mantle  remain  puzzling.  One  does  not  precisely  un¬ 
derstand  how  the  mantle  convection  can  destroy  the  chemical  and  isotopical 
heterogeneities  of  the  lithosphere,  and  in  particular,  what  kind  of  mixing  times 
are  related  to  this  re-homogenization.  While  geodynamicists  favor  efGcient  mix¬ 
ing  by  deep  slab  penetration,  various  geochemists  advocate  for  the  existence 
of  unmixed  reservoirs.  We  compute  various  3-D  cavity  flows  with  imposed  sur¬ 
face  conditions  mimicking  tectonic  plates  and  advect  passive  tracers  in  order 
to  quantify  their  mixing  abilities.  The  3-dimensionality  of  our  model  allows 
us  to  choose  plate  geometries  with  both  converging/diverging  margins  which 
induce  vertical  transport  and  strike  slip  margins  which  only  mixes  the  mantle 
on  horizontal  planes.  Internal  masses  simulating  subducting  slabs  can  also  be 
imposed.  We  study  the  effects  for  the  mixing  rates  on  the  one  band,  of  the 
toroidal  over  poloidal  energy  ratio  (e.i.  the  relative  importance  of  surface  strike 
slip  to  diverging  motions),  and  on  the  other  hand,  of  a  viscosity  increase  in  the 
lower  part  of  the  system  (which  mimics  an  ’upper’  and  a  ’lower’  mantle).  We 
will  see  that  the  time-dependence  of  the  flow  is  not  necessary  to  obtain  chaotic 
areas  with  efficient  mixing  in  3-D  models.  Simple  flows  will  also  illustrate  the 
possibility  to  maintain  some  unmixed  reservoirs  even  without  viscosity  stratifi¬ 
cation.  We  will  discuss  different  ways  of  quantifying  the  mixing  efficiency,  and 
present  scale-dependent  mixing  times  for  various  models  of  the  Earth’s  interior. 


3-D  ORE  FRACTALS  AND  STRANGE  ATTRACTORS  IN  THE  TIME 
SERIES  OF  THE  PRECAMBRIAN  BANDED  IRON  FORMATIONS  (BIF). 

D.Yegorov  (Kola  Science  Centre,  Russian  Academy  of  Sciences, 

14  Fersman  street,  Apatity,  SU-184200,  Russia) 

An  analysis  of  100  BIF's  magnetic  distributions  using  Takens  method 
showed  that  spatial  variations  of  magnetite  are  an  exhibition  of  the 
deterministic  time  history  of  the  ore  systems.  It  is  established  that 
inclinations  of  the  D=f(d)  plots  defining  a  fractal  dimension  of  attractors 
D=2.05-2.3.  This  means  that  magnetite  distribution  in  the  ore  bodies  after 
folding,  metamorphism  of  BIFs,  etc.,  is  controlled  and  can  be  set  by  an 
interaction  of  a  small  number  of  variables. 

Investigations  of  fractal  geological  objects  (most  of  them  are  3D  bodies)  as  a 
rule  are  based  on  their  ID  -  2D  sections,  or  some  indirect  data  (as  in 
seismology).  Such  investigations,  however,  do  not  provide  a  strong  basis  for 
calculation  of  fractal  dimensions.  Unique  geological  and  geophysical  data  of 
the  Kirovogorskoye  BIF  deposit  structures  give  a  possibility  to  detennlne  3D 
fractal  dimension  of  the  BIF  bodies  (D=2.14). 

Digital  experiments  in  modelling  of  re-distribution  of  components,  according 
to  the  model  system  of  8  variables  (Si-  Fe^*-Fe®*-Ca-Mg-AI-K-Na)  show  that 
there  is  a  possibility  that  structures  analogous  to  BIF  bodies  could  be 
fomned.  This  testifies  that  fractal  stnjctures  of  the  Kola  BIF’s  are  not  a 
random  coincidence,  but  an  evidence  of  functioning  of  a  metamorphic-self- 
organization  system. 


QUANTIFYING  MIXING  IN  NUMERICAL  MODELS  OF  MAN¬ 
TLE  CONVECTION 

Louise  H.  Kellogg  and  Donna  L.  Hunt 

Dept,  of  Geology,  University  of  California,  Davis,  CA  95616,  USA. 

Recent  high-resolution  seismic  images  of  subduction  zones  appear  to  indicate 
that  slabs  extend  into  the  lower  mantle,  possibly  to  the  core-mantle  bound¬ 
ary.  This  is  consistent  with  a  circulation  pattern  that  encompasses  the  entire 
depth  of  the  mantle  and  suggests  efficient  recycling  of  subducted  slab.  Models 
of  the  geochemical  evolution  of  the  mantle,  on  the  other  hand,  seem  to  require 
several  distinct  “teservoirs”  of  differing  mean  age  and  trace  element  composi¬ 
tion,  suggesting  that  recycled  slab  is  not  efficiently  mixed  within  the  mantle. 
An  important  question  in  mantle  dynamics  is  whether  large  regions  can  de¬ 
velop  different  residence  times  (maintaining  distinct  reservoirs),  or  whether  a 
different  explanation  of  the  geochemical  data  is  called  for.  We  developed  quanti¬ 
tative  measures  for  assessing  mixing  in  numerical  models  of  mantle  convection. 
'Tracer  particles,  introduced  to  simulate  subduction  and  formation  of  oceanic 
crust,  form  fractal  distributions  with  dimensions  that  depend  on  the  model  pa¬ 
rameters.  The  distribution  of  mean  ages  provides  a  measure  of  the  geochemical 
evolution  of  different  regions.  We  investigate  the  role  of  viscosity  stratification 
across  the  transition  zone  and  in  the  D"  region  on  formation  and  destruction 
of  heterogeneities.  Viscosity  stratification  slows  the  transport  of  slabs  across 
the  transition  zone,  but  the  slowed  transport  does  not  stratify  the  mantle  geo- 
chemically.  Old  slab  material  survives  longer  in  a  viscously  stratified  mantle, 
but  the  recycled  slab  is  not  concentrated  into  discrete  reservoirs. 


Is  there  a  missing  link  between  geochemistry  and  geophysics  of  the  convective 
mantle  ? 

fric  LEWIN  -  IPGP  GUochimie 

[lewin@ipgp.jussieu,fr]  Laboratoire  de  GOochimie  et  Cosmochimie;  Institut  de 
Physique  du  Globe  de  Paris  (UniversitU  Paris  7-Denis  Diderot;  CNRS  UMR  1758)- 
B.89;  4,  place  Jussieu;  75252  Paris  cedex  05;  FRANCE. 

While  in  Geophysics,  information  about  the  convecting  Earth  mantle  is  carried  by 
signals  in  which  spatial  characteristics  of  the  medium  through  which  these  have 
propagated  are  particularly  important,  in  Geochemistry,  measurements  rely  on  rock 
samples,  the  matter  of  which  has  essentially  lost  most  of  the  memory  of  their  travel 
throughout  the  mantle  until  the  outcrops  where  they  have  been  picked  up.  Up  to  now, 
one  fruitful  approach  developped  in  Geochemistry  is  by  considering  reservoirs  and 
budget  complementarities,  approach  for  which  isotope  tracers  are  of  the  most  pertinent 
geochemical  tools.  However,  this  "giobalistic"  approach  gives  little  information  about 
spatial  disposition  of  these  reservoirs.  A  refinement  of  this  is  to  consider  the 
heterogeneity  of  the  reservoirs  through  the  isotopic  ratio  distributions,  which  is  a 
purely  sutistical  point  of  view  rather  than  a  spatial  one.  Evolution  models  of 
convective  stirring  can  thus  be  tested  for  being  able  to  sustain  the  kind  of  steady-state 
heterogeneity  that  these  isotopic  distributions  quantify.  Thus,  in  order  to  generalize 
these  direct  observations  provided  by  geochemists  from  the  analyzed  rock  sample 
collection  to  their  whole  source  reservoir,  one  must  first  be  fully  convinced  that  this 
sampling  is  either  representative  of  its  mantle  source  reservoir,  and/or  that  biases  can 
be  evaluated.  If  reweighted  statistics  are  an  attempt  to  bring  an  affordable  solution  for 
the  second  "drawback",  the  first  assumption  can  only  be  approached  through 
convection  modelling  in  which  a  ridge  sampling  scheme  is  taken  into  account. 
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EFFECTS  OF  TOROIDAL  FLOW  AND  RHEOLOGICAL  HET¬ 
EROGENEITIES  ON  MIXING  IN  THE  MANTLE 
R.  J.  O’Connell  (1),  Carl  W.  Gable  (2)  and  Michael  Manga  (3) 

(1)  Harvard  Univereity,  Cambridge  MA  02138,  (2)  Los  Alamos  National  Lab* 
oratory,  Los  Alamos  NM  87545,  (3)  University  of  Oregon,  Eugene  OR  97403. 
oconnellCgeophysics  .harvard.edu/Fax:  617-495-8839 
Large  scale  mixing  of  chemical  heterogeneities  in  the  Earth’s  mantle  is  accom¬ 
plished  by  the  stretching  and  folding  motion  associated  with  mantle  convection; 
diffusional  processes  are  only  important  on  centimeter  length  scales.  Chaotic 
flows  will  promote  effective  mixing;  these  can  be  produced  by  time  dependent 
flows  and  also  by  the  presence  of  toroidal  components  of  flow  (which  are  only 
present  in  3  dimensions).  Plate  tectonics  produces  both  in  the  mantle,  and 
hence  mixing  should  be  effective,  especially  in  the  upper  mantle  where  the  ef¬ 
fects  of  plate  flow  are  largest  .  The  lower  mantle  may  be  less  well  mixed  owing 
to  its  higher  viscosity  and  the  relatively  small  toroidal  flow.  Studies  of  sim¬ 
ple  flow  systems  with  poloidal  and  toroidal  flow  components  demonstrate  the 
chaotic  nature  of  the  flows  and  constrain  the  time  constants  for  efficient  stir¬ 
ring  of  the  mantle.  Considerations  of  time  scales  for  the  Earth  indicate  that 
the  upper  mantle  should  be  well  mixed.  Geochemical  observations  indicate  the 
presence  of  long-lived  heterogeneities  in  the  mantle.  Simple  flow  calculations 
show  that  viscosity  heterogeneities  strongly  influence  mixing.  Weak  blobs  are 
rapidly  deformed  and  dispersed  in  a  larger  scale  flow,  while  high  viscosity  blobs 
can  resist  deformation  and  dispersal  for  times  that  are  geologically  long.  Such 
heterogeneities  may  account  for  geochemical  reservoirs  in  the  mantle. 


MIXING  IN  VIGOROUS,  TIME-DEPENDENT  3D  CONVEC¬ 
TION 

J.  Schmalzl  and  U.  Hansen 

Institute  of  Geophysics,  Muenster  University  ,  Corrensstr.  24,  D-48149  Muen- 
ster,  Germany. 

An  understanding  of  the  mechanism  of  ihixing  in  highly  viscous  convecting 
fluids  is  of  crucial  importance  in  explaining  the  observed  geochemically  hetero¬ 
geneous  nature  of  the  Earth’s  mantle.  Using  constant  viscosity  numerical  exper¬ 
iments,  we  describe  the  mixing  mechanism  of  time-dependent  Rayleigh-Benard 
convection  with  an  infinite  Prandtl  numer  in  a  three-dimensional  rectangular 
container.  Mixing  is  observed  by  following  the  positions  of  passive  tracers  ad- 
vected  by  the  flow.  The  major  mixing  mechanisms  may  be  described  in  terms 
of  the  within-cell  mixing  and  the  cross-cell  mixing.  The  flow  structure  in  which 
tracers  move  on  toroidal  surfaces,  that  was  previously  observed  in  steady-state 
3D  convection  systems  is  perturbed  by  boundary  layer  instabilities  in  the  time- 
dependent  experiments.  'This  flow  structure  allows  a  very  efficient  exchange  of 
mass  between  the  boundary  layers  and  the  core  of  the  convection  cell  even  in 
the  absence  of  time-dependence.  We  compare  this  results  with  calcluations  car¬ 
ried  out  in  two  spatial  dimensions.  The  inferred  mixing  rates  are  observed  to 
be  relatively  insensitive  to  initial  tracer  location,  but  the  timescale  for  mixing, 
tm,  decreases  with  increasing  Rayleigh  number.  The  timescale  of  mixing  is  an 
important  constraint  on  the  large  scale  structure  of  the  Earth,  because  large- 
scaJe  geochemical  heterogeneities  persist  to  the  present  day,  implying  that  the 
mantle  is  not  welt  mixed. 


CONVECTIVE  MIXING  CONTROLLED  BY  PHASE  TRANSI¬ 
TIONS  AND  THE  SIZE  DISTRIBUTION  OF  CHEMICAL  HET¬ 
EROGENEITIES  IN  THE  EARTH’S  MANTLE 
W.  R.  Peltier  and  S.  L.  Butler 

Department  of  Physics,  University  of  Toronto,  Toronto,  Ontario,  Canada,  M5S 
1A7. 

samCatmosp .  physics .  utoronto .  ca/Fax:  1-416-978-8905 
It  is  now  generally  recognized  that  the  convective  circulation  in  the  Earth’s 
mantle  is  neither  completely  layered  by  the  670  km  discontinuity  nor  does  it 
cross  this  horizon  completely  unhindered.  Many  non-linear  simulations  of  ther¬ 
mal  convection  in  this  region  of  the  Earth  have  demonstrated  the  critical  role 
played  by  the  endothermic  phase  transition  that  defines  this  horizon  in  con¬ 
trolling  the  mass  exchange  between  the  lower  mantle  and  the  upper  mantle 
and  transition  zone.  Geochemical  measurements  of  mid-ocean  ridge  and  ocean 
island  basalts  show  different  degrees  of  elemental  depletion  indicating  the  exis¬ 
tence  of  at  least  two  distinct  chemical  reservoirs  in  the  Earth’s  mantle  which  are 
often  associated  with  the  lower  mantle  and  upper  mantle  and  transition  zone. 
The  scale  of  chemical  heterogeneities  within  these  reservoirs,  which  are  likely 
controlled  by  the  scale  of  the  mass  flux  events  transiting  the  670  km  horizon, 
remain  poorly  constrained.  We  will  describe  a  suite  of  high  resolution  numeri¬ 
cal  simulations  of  thermal  convection  in  the  Earth’s  mantle  which  include  the 
effects  of  the  endothermic  phase  transition  in  which  we  characterize  the  size 
distribution  of  trans-670  km  mass  flux  events.  We  will  demonstrate  that  for 
certain  parameter  regimes,  the  size  distributions  display  scale  invariance. 


Mixing  Efficiency  in  the  Upper  Maiitle 

Arkady  Ten  (1, 2),  Yu.  Yu.  Podladchikov(3)  and  David  A.  Yuen  (2) 

(1)  Instinite  of  Mineralogy  and  Petrography,  Novosirbisk,  Russia. 

(2)  Minnesota  Supercomputer  Institute  and  Dept.  Geology  and  Geophysics,  Univ. 
Minnesota,  Minneapolis,  MN  55415,  U.SA. 

(3.)  Geolog.  Institut,  E.T.H.,  Zuerich,  Switzerland. 

We  have  investigated  the  relative  mixing  efficiency  between  Newtonian  and 
non-Newtonian  temperature-dependent  theologies  operating  in  the  upper-mantle.  This 
method  is  based  on  assembling  many  passive  tracers  on  line  .  The  particles  are 
dynamically  redistributed  at  each  time-step.  They  are  then  advected  by  the  velocity 
field  produced  by  thermal  convection .  Up  to  one  million  tracers  per  line  and  ten  lines 
ten  lines  have  been  employed  for  following  the  the  time-histoiy  of  a  source  of 
heterogeneity.  Based  on  the  mass  transfer  history  through  the  horizontal  layers  we  can 
construct  the  statistical  characteristics  and  follow  the  dynamics  over  a  phase  plane 
consisting  of  the  depth  and  time .  The  muting  characteristics  are  different  between  the 
two  rheologies.  Non-Newtonian  rheology  retains  long-living  horizontal  structures, 
while  Newtonian  rheology  produces  vertically  stratified  columns.  Greater  amount  of 
deformation  is  produced  by  the  Newtonian  convection.  Mixing  is  less  efficient  for 
non-Newtonian  rheology  as  islands  with  unmixed  material  still  peisist.  The  length  of 
the  lines  grow  with  time  in  a  power-law  fashion  for  Newtonian  .  The  lines  produced 
from  both  rheological  flows  display  fractal  behavior,  which  increases  with  time. 


GEODESY  (G) 

G1  Environmental  effects  on  gravity  and 
intercomparisons  with  other  techniques 

Convener:  Hipkin,  R.G. 

Co-Convener:  van  Dam,  T.M. 


THE  EFFECTS  OF  OCEAN  AND  SHELF 'nOES  ON 
ABSOLUTE  GRA’VITY  MEASUREMENTS 

T.F.  Baker  (1),  M.S.  Bos  (1)  and  R  Hopewell  (2) 

(1)  Proudman  Oceanographic  Laboratoiy,  Bidston,  UK 

(2)  Dept  Geology  and  Geopbys.,  Univ.  Edinburgh,  UK 
tfb@pol  JC.uk/Fax:  ->44-151-653-6269 

Absolute  gravity  and  precise  relative  gravity  measurements  are  affected  by  the  loading  and 
attraction  of  shelf  arid  ocean  tides.  Several  projects  are  cuirently  in  progress  which  are 
using  absolute  gravity  measurements  to  detennine  vertical  crustal  movements  to  an 
accuracy  of  1  mm/year.  The  evaluation  of  the  loading  and  attraction  is  particularly 
important  when  absolute  gravity  is  used  at  near  coastal  sites  to  remove  the  vertical  crustal 
movement  component  from  relative  mean  sea  level  measurements  at  tide  gauges.  Along 
the  Atlantic  coast  of  Europe  the  ocean  tidal  loading  amplitudes  (including  attraction)  are 
typically  9  to  18  microgals.  The  oceanic  effects  decrease  towards  the  centre  of  the 
continent,  but  the  amplitudes  are  still  over  Imicrogal  at  Wettzeli,FRG.  Since  the  standard 
deviation  of  drop  sets  over  a  24  hour  period  is  normally  used  as  an  error  estimate  on  the 
absolute  gravity  value  at  a  site,  it  is  important  to  model  these  effects  and  to  remove  them 
from  the  observations.  This  talk  will  review  recent  progress  on  this  topic  using  examples 
from  recent  projects  and  will  also  compare  the  results  with  parallel  projects  which  use 
GPS  measurements  to  determine  vertical  crustal  movements. 
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CONTINUOUS  GRAVITY  RECORDING  WITH  SCINTREX  CG- 
3M  METERS:  A  PROMISING  TOOL  FOR  MONITORING  AC¬ 
TIVE  ZONES 

S.  Bonvalot  (1,2),  M.  Diainent  (2)  and  C.  Gabalda  (1) 

(1)  ORSTOM,  Pi'ancc,  (2)  Institiift  de  Physique  du  Globe  He  Paris.  Prance. 
bonvalotCbondy . orston . iv 

VVe  have  acquired  continuous  series  of  microgravity  measnrcmeuU  usin^g  sev¬ 
eral  Sciiitrex  CG-3M  gravity  meters.  The  1  /^Gal  resolution  meters  have  been 
Installed  side  by  side  to  perform  identical  data  acquisition  for  several  weeks  in 
1997.  We  present  and  compare  the  instrumental  responses  obtained  for  the  var¬ 
ious  meters  (measurement  .scries  of  gravity  field,  std  dev,  internal  temp,  tilts) 
and  analyze  their  correlation  with  simultaneous  meteorological  recordings.  The 
data  have  been  processed  in  order  to  a)  establish  the  mid-to  long-term  rela¬ 
tive  stability  and  the  accuracy  of  the  dilTerent  instruments,  b)  estimate  the 
contribution  of  instrumental  effects  on  gravity  measurements,  r.)  quantiry  the 
amplitude  of  the  time  variations  of  the  gravity  field  that  might  be  detected 
with  such  iiistruiiients.  Results  of  the  analysis  of  gravity  differential  stgnah, 
gravimeter  calibration  and  tiltxneters  resolution  are  presented  here.  This  study 
reveals  that  temporal  variations  of  the  gravity  field  could  potentially  be  de¬ 
tected  in  the  field,  with  an  accuracy  of  about  5  to  15  /iGal,  by  permanent 
networlcs  of  Scintrex  CG-3M  gravity  meters.  This  result  is  of  partiailar  inter¬ 
est  in  the  field  surveys  of  temporal  gravity  changes  related  to  environmental  or 
geodynamical  processes  where  expected  variations  are  greater  than  few  tetie  of 
;iCal.  Application  to  the  monitoring  of  active  volcanoes  is  also  discussed  here. 


EXPERIMENTAL  INVESTIGATION  INTO  THE  ORIGIN  OF  TARES 
INDUCED  BY  GROUND  VIBRATION  IN  LACOSTE  &  ROMBERG 
GR.\VITY  METERS 

M  A  Daviesf  1 ).  N  D  Harrop(2),  &  H  Rymer(  I ) 

(I)Dept.  of  Earth  Sciences.  (2)Dept  of  Engineering  Mechanics:  The  Open 
University.  Walton  Hall.  Milton  Keynes.  MK9  7AA. 

In  January  1997  a  dynamic  micro-gravity  survey  conducted  on  the  volcano  of 
Montserrat  Island,  was  subject  to  a  high  number  of  temporary  tares  from  an 
otherwise  reliable  gravity  meter.  Correlation  of  gravity  reading  times  with  seismic 
data  showed  that  spurious  readings  coincided  with  periods  of  high  broad  band 
volcanic  seismic  tremor.  Retrospective  analyses  identified  that  temporary  tares 
ia.sted  for  the  duration  of  the  broad  band  seismic  tremor.  The  problem  of  readings 
being  effected  by  an  external  vibrational  force  is  not  unique  to  volcanoes.  Hallinan 
1991.  identifies  temporary  tares  that  occurred  during  a  survey  around  pumping 
wells.  A  series  of  controlled  experiments  have  been  undertaken  to  assess  the 
mechanical  response  of  5  L&R  gravity  meters.  All  experiments  are  conducted 
within  an  anechoic  chamber  and  experimental  apparatus  are  mounted  on  anti- 
vibrational  optical  tables  (AVOT).  eradicating  all  background  vibrational  noise.  A 
gravity  meter  is  placed  on  an  AVOT  and  a  Ling  Dynamics  Series-403  shaker 
induces  motion  over  a  range  of  2  to  2OOH2.  A  laser  Doppler  vibrometer  mounted  on 
a  second  .AVOT  is  used  to  mea.sure  the  vibrational  amplitude  of  table  and  gravity 
meter.  The  spectrum  is  then  determined  using  an  Onosokki  FFT  Analyser. 
Experimeni.s  have  shown  that  gravity  meters  undergo  temporary  tares  at  specific 
vibrational  frequencies. 


INFLUENCE  OF  TOPOGRAPHY  AND  GROUND  WATER 
CHANGES  ON  SECULAR  GRAVITY  CHANGES 

C.  Gerstenecker 

Institute  of  Physical  Geodesy.  Darmstadt  University  of  Technology 
Gersten@geo  i  .gi.  verm.tu-darmstadt.  de  /  Fax:  +49-6 1 5 1  - 1 649 1 6 

The  correlation  of  observed  secular  gravity  changes  with 
environmental  parameters  is  poor.  The  most  hitherto  published  gravity 
changes  are  too  big  and  cannot  be  explained  by  reliable  simple  models 
of  environmental  parameters.  Similar  results  were  obtained  from  a 
repetition  gravity  network  in  Turkey  where  beneath  gravity  changes 
also  height  changes  as  well  as  air  pressure  precipitation  and  ground 
water  level  are  available.  Simple  multiple  regression  models  can  not 
model  the  gravity  changes.  Estimated  regression  coefficients  are 
insignificant  and  unreliable  in  comparison  to  physical  models. 

A  significant  improvement  was  obtained,  if  the  ground  water  table  is 
modelled  in  first  approximation  by  the  smoothed  topography  in  the 
vicinity  of  the  gravity  stations.  The  new  topographic  model  of  ground 
water  table  explains  together  with  precipitation  the  gravity  changes  . 


0RAytTY4(IICR0SBSMC  APPROACH  TO  PREDICTION  OF  BURIED 
ACTIVE  FAULTS 

E.V.Gtukt)ova,  AB.Bektemlshev.  V.G.  Budanov,  OAPoiapov, 
O.Yu.SinyaavaCVNllGeonzika,  saigOahe.ru,  Uoscow^ 

The  data  on  delineation  of  active  ftactum  zones  obtained  using  gravity- 
micmselsmic  technique  are  presented.  The  technique  Is  based  on^  fed 
that  vibraSon  of  the  foundation  atfeds  the  position  of  the  pendulum  of  a 
sansffiva  ^stem  of  htgh.p(acistan  ^avimeten  established  back  in  the 
tS70-B.  VIbrafion-feducad  systematic  daflactions  of  pendulum  (up  to  0.1 
mgaO  are  tadsfa'nguishabla  from  real  Ag.  Gravimetric  and  simulteneous 
mfcaoseismic  measurements  peefotmed  at  a  number  of  eonfinentai  ftadure 
zones  crossing  important  objects  such  as  nuclear  povier  stations,  dams, 
dikes,  bunk  pipelines,  ale.  proved  to  be  highly  effective.  It  wet  shown  that 
these  zones  are  not  Ihe  whole  endiies  but  rather  the  sequences  of  moblte 
and  immobile  areas.  Befeie  and  dtsing  the  seismic  events  it  b  the  mobile 
ereas  which  exhibS  increasing  microselsmic  adivily  tesuHing  In 
dtscrependes  in  gtavimetor  taadings.  Since  the  microseismic  ampfltude 
ehenges  ate  dlen  within  the  threshold  of  resolution  of  seismic  machinety, 
vibration-induced  gtavi^  anomalies  ate  unique  htgldy-sensltive  indicators  of 
the  level  afbadure  zone  adivify.  The  proposed  approach  Is  described  in 
terms  of  titudural  dynamics.  This  eombmed  approach  proved  to  be 
conddarably  mote  affective  to  ihe  mapping  of  butM  active  fraduio  zones 
than  each  technique  (gravid  or  seismic)  used  atone. 


TIME-DEPENDENT  GRAVITY  AND  ENVIRONMENTAL 
OBSERVATIONS  AT  MOXA  OBSERVATORY:  FIRST  RESULTS 

C.  Kroner,  Th.  Jahr  and  G.  Jentzsch 

Institute  for  Geosciences,  Burgweg  11,  D-07749  Jena,  Germany. 
kronerOgeo.mii-jena.de/Fax:  [49]  3641  948662 

In  the  scope  of  the  expansion  of  the  seismological  observatory  Moxa  (Thuringia, 
Germany)  into  a  geodynamic  broadband-observatory  a  continuous  monitoring 
of  temporal  gravity  changes  is  carried  out  for  a  couple  of  weeks.  First  results  of 
these  gravity  observations  ate  presented.  In  order  to  study  and  correct  mete¬ 
orological  influences  on  gravity  data  from  the  observatory-owned  meteorolog¬ 
ical  station  are  available.  Among  other  parameters  barometric  pressure,  tem¬ 
perature  and  air  humidity  are  observed.  These  meteorological  parameters  are 
recorded  using  the  same  sampling  rate  (10  s)  as  for  the  recording  of  the  gravity 
variations.  Results  of  the  first  analyses  of  these  time-series  regarding  a  common 
signal  contents  with  gravity  are  discussed.  Signals  with  periods  ranging  from  1 
min  up  to  14  days  are  under  consideration. 


MICROTREMOR  SPECTRUM  DYNAMICS,  GEOCHEMICAL  AND 
GRAVITY  DATA  IN  THE  MONUORING  OF  THE  INTRAPLATE 
FRACTURE  ZONES 

ICSh.Malikova,  M.M.tCavdieva,  AB.Beklemishev,  OAPotapov  (Moscow 
Slate  University,  VNIIGeofizIka,  serg@ahaju,  Moscow) 

Mlcrotremor,  gravity  and  water-helium  measurements  were  taken  In  the  two 
areas  within  the  sedimentation  basin  of  Russian  platform.  The  results  show 
that  the  blocks  earlier  regarded  as  stable  consist  of  the  smaller  blocks 
separated  by  active  fractures.  The  analysis  of  microtremor  polarization 
wnhin  these  smaller  blocks  showes  that  some  blocks  move  within  the 
horizontal  plane,  others  -  within  the  vertical  plane,  and  some  blocks  move 
within  the  three  planes.  Combined  gravity  microtremor  analysis  allowed 
to  predict  the  heterogeneity  both  In  the  sediments  and  in  the  foundation. 
Some  of  the  discovered  active  fractures  penetrate  the  foundation  as  shown 
by  the  water-helium  data.  It  should  be  noted  that  the  parameters  of  block 
movements  were  established  only  when  registering  the  accelerations  of  10"* 
-  lO"®  m/sec?  corresponding  to  the  minute  amplitudes  of  mlcroseisms  of  10"® 

- 10"''°  m  in  the  frequency  range  from  15  to  200  Hz.  Monitoring  of  these 
minute  amplitudes  increases  the  reliabiflty  of  predictions  of  block 
displacements  with  higher  amplitudes  (in  the  range  of  several  mms) 
dangerous  for  the  important  objects  of  high  ecological  risk  such  as  nuclear 
power  stations,  trunk  pipelines,  etc. 
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ESTIMATES  OF  ENVIRONMENTAL  EFFECTS  IN  SUPERCONDUCTING 
GRAVIMETER  DATA 

J.  Neumever.  F.  Barthelmes,  D.  Wolf 

GeoForschungsZentrum  (GFZ)  Telegrafenberg  A17,  14473  Potsdam,  Cjermany 
E-mail:  neum@gfi!-potsdam.de/Fax:  -1-49-331-288-1111 

The  gravimeter  is  an  integrating  sensor  measuring  gravitational  variations  associated 
with  mass  redistributions  in  its  near  and  far  surroundings.  Therefore,  the  recordings 
include  gravitational  effects  of  different  sources.  The  separation  of  these  effects  is 
necessary  for  their  investigation.  Besides  the  gravity,  the  environmental  data  have  to 
be  measured  for  this  separation. 

Environmentally  induced  gravity  effects  are  normally  treated  as  disturbing  signals  in 
the  gravity  data.  Therefore,  they  must  be  removed  accurately  for  the  interpretation  of 
the  time  behavior  of  the  gravity  field. 

Different  models  are  used  for  estimating  the  order  of  the  effects  caused  by  the 
environmental  parameters  of  the  atmosphere  (atmospheric  pressure,  snow  cover, 
rainfall)  and  the  hydrosphere  (groundwater  table,  soil  moiswre).  The  models  are 
based  on  Bouguer  plate.  Green’s  function  and  Hankel  transformation  methods. 

The  reduction  for  atmospheric  pressure  and  groundwater  table  is  performed  on 
Superconducting  Gravimeter  data.  The  admittance  coefficients  are  determined  and 
the  quality  of  the  reduction  is  discussed. 


INFLUENCE  OF  VARIATIONS  IN  SUBSURFACE  WATER  STORAGE 
ON  GRAVITY  AT  THE  XI’AN  ABSOLUTE  GRAVITY  STATION. 

Qiu  Qi-xian  (1),  J.  Makinen  (2),  Dai  Qi-chao  (3)  and  Jin  Yi-sheng  (4) 

(1)  Chinese  Academy  of  Surveying  and  Mapping,  Beijing,  (2)  Finnish 
Geodetic  Institute,  Masala,  (3)  First  Geodetic  Brigade,  National  Bureu  of 
Surveying  and  Mapping,  Xi’an,  China,  (4)  Second  Geophysical  Brigade, 
Ministry  of  Geology  and  Mineral  Resources,  Xi’an,  China 
Jaalcko.Makinen@fgi.fi/Fax  +358-9-29  555  2(K) 

Absolute  gravity  measurements  made  in  June  1990  (Sino-Finnish  campaign) 
and  September  1993  (Sino-German  campaign)  at  the  Xi’an  station  of  the 
China  Gravity  Basic  Net  show  an  apparent  34  pgal  decrease  in  gravity. 
Relative  gravity  measurements  from  a  distant  mountain  site  repeated  in 
1990,  1991,  1992,  1993,  and  1995  indicate  a  gentler  slope  of  about 
-4  pgal/yr.  The  soil  is  silt  and  clay.  The  groundwater  is  at  around  20  m 
depth.  We  do  not  have  any  data  on  groundwater  prior  to  September  1993, 
but  from  that  time  to  October  1996  its  level  fell  by  4  m.  Given  the  effective 
porosity  of  32%  this  could  correspondfo  a  decrease  of  54  pgal  in  gravity. 
However,  the  porosity  was  determined  from  disturbed  near-surface  samples, 
at  depth  it  might  be  less  due  to  compaction.  From  this  information,  rainfall 
statistics,  soil  properties,  and  vegetation  cover  we  try  to  infer  the  variation  in 
subsurface  water  storage,  and  its  influence  on  gravity. 


AIR  PRESSURE  AND  GROUNDWATER  EFFECTS  AT  FIDUCIAL  SITES 
SEEN  BY  CONTINUOUS  GRAVIMETER  REGISTRATIONS 

B.  Richter  (1).  M.  Hamisch  (2),  G.  Hamisch  (2).  W.  Schwahn  (1) 

(1)  Bundesamt  fuer  Kartographie  und  Geodaesie  (BKG)  Frankfurt  a.M., 
richter@ifag.de/Fax:+49-6333-425,  Germany. 

(2)  Bundesamt  fuer  Kartographie  und  Geodaesie  (BKG)  Potsdam.  Germany 

To  underline  vertical  movements  detected  by  continuous  GPS  measure¬ 
ments  and  variations  in  the  gravity  field  caused  e.g.  by  changes  in  the  sea 
level,  precise  gravity  observations  are  performed  at  fiducial  sites.  At 
selected  stations  superconducting  gravimeters  have  been  installed  to  study 
short  term  (daily  up  to  annual)  gravity  variations.  The  understanding  and 
modelling  of  such  effects  like  influences  resulting  from  air  pressure  and 
groundwater  variations  are  important  for  the  reduction  of  precise  absolute 
gravity  measurements  which  will  be  used  to  determine  secular  trends  in 
gravity. 

In  the  framework  of  SELF  II  a  dedicated  experiment  is  started  inMedicina 
/  Italy  where  a  superconducting  gravimeter  runs  in  parallel  with  a  perma¬ 
nent  GPS  receiver  and  repeated  absolute  gravity  measurements  are  carried 
out.  The  geological  regime  in  the  Po  delta  valley  is  quite  different  from 
situations  where  other  superconducting  gravimeters  are  installed.  The  con¬ 
sequences  for  the  interpretation  of  the  gravity  variations  are  discussed  and 
compared  with  existing  results. 


GRAVITY  OBSERVATIONS  IN  GREENLAND: 

HOW  TO  SEPARATE  ENVIRONMENTAL  EFFECTS  AND 
ICE  MASS  B  ALANCE  SIGNALS 

Mirko  Scheincrt*,  Reinhard  Dietrich* 


*Institut  fuer  Planetare  Geodaesie,  TU  Dresden,  Gerinany 
mikro  @  ipg.  geo.tu-dresden  .de 

The  aim  of  relative  gravity  ob.servations  in  West  Green¬ 
land  is  to  investigate  signms  which  are  cau.sed  by  short¬ 
term  ice  mass  changes.  In  order  to  separate  effects  we 
are  not  interested  in,  one  has  to  take  into  account 
environmental  effects  (besides  the  tidal  signal),  like 
the  atmo.spheric  pressure  variation  and  the  ocean  loading 
effect.  The  possibility  to  determine  or  model  these 
effects  will  be  discussed,  especially  with  regard  to  the 
unique  topographic  and  climate  conditions  in  West  Green¬ 
land.  From  the  geodetic  point  of  view  it  will  be  shown 
how  environmental  effects,  which  can  be  regarded  as  sys¬ 
tematic  effects,  could  be  eliminated  by  choosing  a  suit¬ 
able  observation  regime  and  by  carrying  out  repeated 
obscrx'ations. 


EFFECT  OF  VIBRATIONS  ON  ABSOLUTE  GRAVITY  OBSERVATIONS 
S.  Svitlov 

Kharkov  State  Research  Institute  of  Metrology,  Ukraine 
e-mail:  svet@avia.kharkov.ua 

Observed  long-term  gravity  variations  comprise  various  environmental  effects  (re¬ 
distribution  of  atmospheric,  hydrologic  and  oceanic  masses,  tides)  that  are  a  matter 
of  separate  interests.  Another  effect  occurring  everywhere  is  vibration  disturbances. 
Ambient  seismic  noise  reduces  short-term  resolution  of  gravity  observations.  Being 
site-dependent,  systematic  errors  due  to  gravimeter/floor  recoil  effect  can  considera¬ 
bly  distort  shallowly  spaced  results.  That  is  why  the  modeled  environmental  effects 
must  include  influence  of  both  ambient  and  internal  vibrations.  To  solve  these 
problems,  an  absolute  gravimeter  is  analyzed  as  a  linear  dynamic  system  in  the  fre¬ 
quency  domain.  Obtained  frequency  responses  are  simple  tool  to  investigate  gra¬ 
vimeters’  errors  caused  by  vibrations  with  any  spectrum.  Firstly,  the  developed 
method  was  used  to  design  an  anti-vibration  system  grounding  on  invariance  princi¬ 
ple.  Vibration  accelerations  were  independently  detected  by  the  high-sensitive 
piezo-electric  accelerometer  and  then  further  transformed  into  correction  according 
to  the  mathematical  model  of  our  rise-and-fall  absolute  gravimeter.  As  a  result,  stan¬ 
dard  errors  were  reduced  over  3  times.  Secondly,  frequency  responses  of  a  gra¬ 
vimeter  were  applied  to  investigate  variation  of  gravity  value  with  the  drop  length 
and  starting  interval.  Assuming  parameters  of  the  FG5  absolute  gravimeter  and  con¬ 
sidering  real  possible  coherent  vibrations,  it  was  shown  that  unrecognized  system¬ 
atic  errors  of  order  10  pGal  can  be  detected.  Besides,  various  results  of  related  ex¬ 
periments  can  be  easily  explained  using  the  proposed  frequency  response  technique. 


METHOD  OF  DETECTING  ABSOLUTE  GRAVITY  VARIATIONS  WITH 
THE  SUBMICROGAL  RESOLUTION  LEVEL 

T.  Tsubokawa',  S.  Svitlov^ 
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Various  environmental  effects  result  in  gravity  variations.  To  detect  such  variations 
in  long-term  absolute  gravity  measurements,  both  random  and  systematic  instru¬ 
mental  errors  must  be  as  much  as  possible  eliminated.  Modem  absolute  gravimeters 
employ  interferometric  observation  of  a  freely  falling  body  in  a  vacuum.  To  con¬ 
struct  time-distance  events  of  a  falling  body,  sinusoidal  fringe  signal  can  be  either 
continuously  recorded  (following  by  T.  Tsubokawa  and  I.  Murata)  or  converted  into 
zero-crossings  (following  by  J.  Faller  and  A.  Sakuma).  An  alternative  principle  of 
processing  electronics  involves  digitization  the  fringe  signal  and  fitting  it  to  foe  si¬ 
nusoidal  wave  with  the  linearly-growing  frequency  (proposed  by  M.  Zumberge).  We 
describe  another  method  when  foe  high-resolution  digitization  foe  fringe  signal  is 
combined  with  the  second-differences  method.  As  a  result,  we  consider  standard  lin¬ 
ear  model  of  a  free-fall  motion  that  implies  absence  of  systematic  errors.  Theoretical 
calculations  and  simulation  experiment  show  that  new  method  approaches  a  subml- 
crogal  resolution  level.  We  estimate  random  and  systematic  errors  of  foe  processing 
electronics  in  a  single  drop  as  0.2  pGal  and  0.1  pGal  respectively.  Being  much  sim¬ 
pler  than  non-linear  algorithms,  this  method  is  used  in  a  new  generation  transport¬ 
able  NAOM#2  gravimeter  that  Is  suitable  for  long-term  gravity  observations. 
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THE  CORRECTION  OF  THE  PRESSURE  EFFECTS  FOR  THE 
SUPERCONDUCTING  GRAVIMETERS  IN  MEMBACH,  BEL¬ 
GIUM  AND  BOULDER.  COLORADO 

P.  Vauterin  (1),  T.  van  Dam  (2)  and  0.  Francis  (2) 

(1)  Observatoire  Royal  de  Belgique,  Avenue  Circulaire  3,  B-1180  Bruxelles, 
Belgium,  (2)  NOAA/CIRES,  University  of  Colorado,  Campus  Box  216,  Boul¬ 
der,  CO  80309. 

Paul . Vaut erinOksb-orb . oma . be 

Using  global  pressure  charts,  we  calculate  the  influence  of  atmospheric  pressure 
changes  on  vertical  gravity  measured  by  two  superconducting  gravimeters:  one 
in  Membach,  Belgium  and  one  in  Boulder,  Colorado.  When  compared  to  a 
single  admittance  correction,  it  turns  out  that  a  global  correction  is  able  to 
significantly  reduce  the  residual  signal  of  the  instruments  in  the  frequency  band 
below  0.5  cycles  per  day.  However,  due  to  the  coarse  temporal  sampling  of  the 
global  pressure  grids,  this  correction  makes  no  sense  for  higher  frequencies. 
We  therefore  used  an  alternative  approach,  using  the  barometer  signal  of  the 
instrument  as  a  first  approximation,  and  using  the  pressure  grids  for  further 
refinement.  In  this  way,  we  were  able  to  calculate  a  pressure  correction  that 
is  superior  to  the  single  admittance  in  all  frequency  bands.  Comparison  of  the 
results  at  the  two  sites  provides  insight  into  the  effects  of  local  topography  and 
meteorology. 


G2  Recent  crustal  movements  of  coastal  regions:  new 
geodetic,  geologic  and  geophysical  results 

Convener:  Pirazzoli,  P.A. 

Co-Convener:  Bastos,  L. 


Sponsorship:  IGCP  (UNESCO-IUGS)  Project  367  "Rapid  Coastal 
Changes  in  the  Late  Quaternary";  INQUA  Commission 
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QUATERNARY  AND  HOLOCENE  DIFFERENTIAL  MOVEMENTS  IN  A 
MEDITERRANEAN  COASTAL  AREA  (S.  VITO  LO  CAPO  -  SICILY- 
ITALY) 

F.Antonioli  (1)  ,  G.  Cremona  (2),  F.  Immordino  (2),  C.  Puglisi  (1),  C.  Romagnoli 
(3),  S.  Silenzi  (1),  E.  Valoreda  (2),  V.  Verrubbi  (1) 

(l)ENEA,  Env.Dept.,Casaccia,  Roma,  (2)ENEA,  Bologna,Env.Dept.  edi(gamblor. 
enea.bologna.it  /Fax  :+39-5 1-6098052,(3)  Earth  Science  Dept.,  Bologna  Univ. 

Within  the  SELFII  Research  Project  on  the  sea  level  fluctuations  in  the 
Mediterranean  an  interdisciplinary  study  was  focused  on  the  quaternary  evolution  of 
a  representative  coastal  area  with  the  aim  to  evidence  the  relationships  with  the 
more  recent  tectonic  local  trends.  The  selected  area  (NW  Sicily)  was  studied  in  the 
emerged  and  submerged  zone,  using  jointly  different  sectorial  approaches  and  doing 
direct  geological  and  geomotphological  surveys  and  numerical  data  interpretation. 
Inside  the  plain  areas  the  present  results  show  a  series  of  marine  terraces  (locally 
associated  with  marine  depositional  and  typical  erosional  features)  with  very  high 
morphological  evidence.  These  marine  evolution  traces,  at  the  present  dislocated 
under  different  elevation  ranges  (from  about  90  meters  to  few  meters  above  s.l.). 
were  referred  to  the  Middle  to  the  Upper  Pleistocene  by  stratigraphical 
considerations  and  direct  absolute  dating.  Their  longitudinal  profiles  show  a 
different  degree  of  deformation  increasing  in  magnitude  from  the  more  recent  forms 
to  the  older  and  clearly  geometrically  related  with  the  N-S  and  NE-SW  aligned 
tectonic  regional  trends.  Some  tectonic  evidences  are  present  in  the  more  recent 
marine  terraces  as  weil  as  in  the  present  beach  deposits. 


NON-TIDAL  GRAVITY  VARIATIONS  OBSERVED  BY 
SUPERCONDUCTING  GRAVIMETER  GWR  T020 

H.  Virtanen  and  J.  KaariSinen 
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We  present  the  results  of  gravity  residuals  observed  by  super¬ 
conducting  gravimeter,  GWR  T020,  in  MetsShovi,  for  years  1994  - 
1997.  The  gravity  data  is  offset  corrected  and  detided  using  the 
model  at  the  site.  As  an  auxiliary  the  level  of  groundwater  is 
observed  in  the  borehole  nearby.  After  removal  the  drift  and  the 
influence  of  the  atmospheric  pressure  the  effect  of  the  polar  motion 
is  clearly  seen  in  the  recording.  The  groundwater  level  also  correlates 
with  the  gravity  residuals.  Finally  the  traces  of  microseismicity  due 
to  the  atmospheric  effect  is  discussed. 


SEA  LEVEL  CHANGES  AND  TECTONIC  STABILflY:  PRECISE  MEASUREMENTS  IN  3 
COASTLINES  OF  ITALY  CONSIDERED  STABLE  DURING  LAST  125  KY 
F.  Anionloll  (1).  S.  Silenzi  (1)  and  E.  Villorl  (2) 

(1)  ENEA,  Environmental  Dp.  Roma  llaIy,antonioli@casacda.eneaJt  (2)  ANPA  Roma  Italy 
The  mobility  of  the  MediteiTanean  coasts,  as  shown  by  Late  Pleistocene-Holocene  shorelines, 
appears  highly  variable.  Many  studies  have  measured  very  fast  uplift  or  subsidence  rates, 
even  in  recent  times,  related  to  Intense  tectonic-seismic  activity,  mainly  concentrated  in  the 
eastern  sector  of  the  Mediterranean  Sea.  On  the  contrary,  other  areas  appear  relatively 
stable,  mainly  in  the  Western  and  Central  Mediterranean.  Along  the  Italian  coast,  the  most 
widely  distributed  and  therefore  useful  reference  datum  Is  the  paleo  sea  level  related  to 
stage  5  (125 1^),  which  shows  relevant  dilferences  even  In  adjoining  areas.  In  Ihe  present 
study,  this  mariter  (inner  edge  or  notch)  has  been  safety  idenlilied  along  3  sectors  of  Ihe 
Italian  coast  generally  considered  stable:  E  Sardinia,  S  Latium  and  NE  Sicily.  Main  novellies 
of  these  measurements  are  their  accuracy,  due  to  the  use  of  a  Total  Station  carefully 
positioned  on  present-day  abrasion  platform,  which  has  permitted  to  greatly  reduce  the 
uncertainty,  and  Iheir  continuity  alorig  the  investigated  coasts.  In  Latium  the  top  of  the 
Eutynhenian  was  found  to  vary  between  -6  and  -fS.B  m  a.sJ.(h  1-5  <h)  along  a  90  km  long 
coasL  A  well  carved  Eutynhenian  notch  was  followed  lor  40  km  along  Ihe  coast  of  Sardinia, 
gradually  varying  In  elevation  between  7.7  and  1 0.3  m  a.s.l.  (±25  cm).  ti  Sicily,  the  Inner  edge 
of  the  Eutynhenian  scarp  was  followed  for  ca.  7.5  km,  measuring  values  between  11.2  and 
13.9  m  a.s.l.  (±0.5  m).  In  all  these  areas  the  stage  5  marker  has  demonstrated  Its  utility  lor 
tracing  either  areal  arid  linear  neolectonic  movemenIs.These  results,  that  shown  a  leebls  but 
dear  lilting  or  Ihe  presence  of  active  tectonic  lines,  contribute  to  the  discussion  about  the 
possible  role  of  hydro-isostasy  In  generating  recent  movements  of  the  continental  platform. 
At  a  first  glance  in  fad,  it  seems  that  post  sL  5  mobility  in  the  Investigated  areas  Is  more 
the  eltect  of  local  teclonics  than  of  a  generalized  loading  and  unloading  process. 


GEODETIC  AND  GEOLOGICAL  MONITORING  OF  LONG  TERM  CRUSTAL 
MOVEMENTS  IN  THE  THAMES  ESTUARY  AND  GREATER  LONDON 

V  Axhkenazi.  R  M  Bingley,  S  J  Booth,  N  T  Penna  (lESSG,  University  of 
Nottingham,  Nottingham,  UK) 

R  G  Greenaway,  K  Nursey,  D  Bedlington  (Environment  Agency,  Reading,  UK) 

R  A  Ellison,  R  S  Arthurton  (British  Geological  Survey,  Nottingham,  UK) 

Small  ground  movements  can  have  major  strategic  or  economic  significance  in  the 
developed  and  developing  world.  An  example  of  this  is  the  growing  concern  about 
the  effects  of  changes  in  ground  level,  in  low  lying  river  estuaries  and  coastal 
regions.  The  Thames  Estuary  and  Greater  London  region  exhibits  these  concerns 
warranting  the  construction  of  the  Thames  Barrier  and  other  tidal  defences. 

This  paper  details  a  research  project  funded  by  the  Environment  Agency  (EA)  and 
the  Natural  Environment  Research  Council  (NERC)  in  the  UK,  for  the  development 
and  testing  of  a  strategy  for  monitoring  changes  in  regional  ground  level  using  high 
precision  GPS  and  the  ITRS,  and  providing  an  interpretation  of  such  changes  in 
terms  of  local  and  regional  geology.  The  strategy  is  based  around  the  use  of  a  small 
number  of  continuously  operating  GPS  receivers,  acting  as  reference  stations  for  a 
dense  network  of  monitoring  stations,  observed  using  episodic  GPS  measurements. 
The  strategy  is  being  tested  in  the  Thames  Estuary  and  Greater  London  region, 
where  a  monitoring  network  has  now  been  established,  to  facilitate  the  geological 
interpretation  of  the  long  term  changes  in  regional  ground  level. 

The  paper  will  present  details  of  the  development  of  the  monitoring  strategy  along 
with  results  from  the  first  nine  months  of  GPS  observations. 
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FIRST  RESULTS  FOR  CRUSTAL  MOTION  AND  TIDE  GAUGE  POSITION 
VARIATION  AT  THE  COAST  OF  SPAIN  FROM  THE  SELF-H  PROJECT 

M.  Beckcr(l),  J.  Garate(2),  P.  Neinnaier  (1),  B.  Richter(l),  B.  B0iki(3) 
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In  the  framework  of  the  SELF  Project  for  the  study  of  sea  level  variations  around 
the  Mediterranean  the  BKG  with  the  support  from  the  ROA  conducted  two  OPS 
campaigns  in  Spain.  In  1993  and  1996  five  tide  gauges  and  a  number  of 
intermediate  stations  were  connected  to  the  ITRF  ly  five  days  of  continuous 
observations.  In  the  1996  campaign  two  water  vapour  radiometers  of  BKG  and 
ETH  Zurich  were  installed  at  tide  gauge  stations.  The  data  is  analysed  and  the 
results  are  discussed  in  view  of  time  dependent  changes  in  position  and  height. 
The  corresponding  error  limits  for  possible  variations  in  the  mean  sea  level  as 
deduced  from  the  tide  gauge  records  are  given.  The  analysis  inlcudes  a 
(zrmparison  of  various  solutiorrs  with  and  without  the  introduction  of  water 
vapour  radiometer  data  at  two  points  into  the  GPS  analysis.  The  accuracy  of  the 
estirtration  of  absolute  heights  versus  the  changes  in  relative  height-differences 
along  the  Spanish  coast  is  discussed. 


KINEMATIC  GPS  FOR  THE  STUDY  OF  TIDAL  UNDULATION  OF 
FLOATING  ICE  TONGUES 

Capra  A.*,  Gandolfi  S.*,  Stocchino  C.**,  Vittuari  L.* 
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Kinematic  GPS  measurements  have  been  made  on  some  floating  ice  sheets  and  ice 
tongues  in  an  area  approximately  of  100  km  around  Italian  base  in  Antarctica.  The 
vertical  movement  determined  with  GPS  measurements  has  been  in  good  accordance 
with  tidal  undulation  obtained  with  tide  gauge,  taking  into  account  the  methods 
precision.  Kinematic  GPS  measurements  had  the  aim  to  study:  -  the  effect  of  the 
floating  mass  on  oscillation  amplitude  with  the  comparison  between  the  results 
obtained  with  an  antenna  on  the  ice  tongue  and  another  one  located  on  the  ice  pack  in 
corrispondence  of  the  first  one.  -  the  effect  of  ice  thickness  variation  on  ice  tongue 
undulation  from  the  ice  front  to  the  goundiiig  ice  zone  -  the  tide  behaviour  in  a 
relatively  wide  area  (about  200  km)  with  observation  carried  in  same  time  on  different 
ice  tonugues.  The  experiments  can  contribute  ,  unitely  to  glaciological,  geophysical 
and  idraulic  studies  and  researches,  to  define  dynamic  models  of  ice  floating  glaciers. 
This  is  fundamenul  for  the  evaluation  of  Antarctica  glaciers  mass  balance  and 
behaviour. 


SOME  NEOTECTONIC  INDICATORS  IN  QUATERNARY  FORMATIONS 
OF  THE  NORTHWEST  COASTAL  ZONE  OF  PORTUGAL 

H.  Crania*.  M.  Senos  Matias**,  I.  Ribeiro*,  G.  Soares  de  Carvalho* 

*  Universidade  do  Minho,  Braga,  Portugal,  e-mail:hgtanja@ci.uminho.pt 
**  Universidade  de  Aveiro,  Aveiro,  Portugal 

In  the  northwest  coastal  zone  of  Portugal  (between  the  Minho  river  and  the  Serra  da 
Boa  Viagem/Mondego  cape)  some  evidences  of  structural  (overthrust,  tilting), 
sedimentologieal  (contorted  bedding,  slumping)  and  chronological  (diachronous 
bedding)  features  have  been  detected  during  the  last  years,  which  seem  to  indicate 
the  occurrence  of  neotectonic  deformation  in  Quaternary  deposits. 

More  recently,  geophysical  campaigns  were  initiated  in  order  to  locate  the  presence 
of  tectonic  accidents,  that  could  be  responsible  for  the  observed  field  evidence.  To 
complement  the  geophysics,  some  cores  (till  40  m  deep)  were  made  at  some  points 
of  the  area. 

Till  now,  just  preliminary  data  are  available.  However,  they  confirm  the  post- 
Pleistocene  neotectonic  activity  in  the  northwest  coastal  zone  of  Portugal. 


RATE  AND  MAGNITUDE  OF  LATE  QUATERNARY  ISOSTATIC 
MOVEMENTS  IN  THE  SOUTHERN  NORTH  SEA 

P.  Kiden  (1)  and  L.  Denys  (2) 

(1)  Netherlands  Institute  of  Applied  Geoscience  TNO  -  National  Geological 
Survey,  (2)  Department  of  Biology,  Universiteit  Antwerpen  -  RUCA,  Belgium 

Holocene  sea-level  data  from  Belgium  plot  well  above  data  from  the  western 
Netherlands  due  to  differential  (glacio-  and/or  hydro-)isostatic  uplift.  The  rate  of 
uplift  decays  from  2  m/ka  at  9000  yrs.  cal  BP  to  less  than  0.25  tn/ka  since  5500  yrs. 
cal  BP,  while  the  long-term  tectonic  movement  is  only  0.07  m/ka.  The  glacio- 
isostatic  component  of  the  uplift  is  probably  related  to  the  last  phase  of  the  collapse 
of  a  stationary  glacial  forebulge  under  The  Netherlands  and  the  Dutch  and  German 
sectors  of  the  North  Sea,  in  agreement  with  geophysical  model  results.  Boundary 
values  for  the  magnitude  of  isostatic  uplift  during  the  pre-Holocene  period  have 
been  inferred  from  Late-Weichselian  river  gradient  data,  which  give  an  estimate  of 
the  maximum  slope  of  the  land-surface  on  the  southern  (ice-sheet-distal)  limb  of 
the  forebulge.  They  indicate  that  differential  movement  between  Belgium  and  the 
Netherlands  since  15  ka  BP  was  not  larger  than  about  30  m.  These  observations 
demonstrate  that  considerable  isostatic  movements  occur  over  short  distances  (<150 
km),  even  in  areas  relatively  distant  from  former  ice  sheets  in  both  space  (southern 
North  Sea)  and  time  (early  to  middle  Holocene).  No  single  curve  can  be  used  as  an 
appropriate  model  for  the  Holocene  sea-level  rise  in  the  southern  North  Sea  region 
as  a  whole. 


Recent  vertical  crustal  movements  of  the  northern  shores  of  the  Black 
sea  and  the  sea  of  Azov  based  on  geological,  geodetic  and  tide-gouge 
data 

S.Enman,  A. Nikonov 

Institute  of  Physics  of  the  Earth,  RAS,  Moscow,  geodin@  adonis.iasnet.ru 

The  area  of  study  is  the  northern  coast  of  the  Black  Sea  and  of  the  Sea  of  Azov,  which 
is  part  of  the  Black  Sea  Plain,  and  (viewed  geotectonically)  part  of  the  Scythian  plate  at 
the  boundary  with  the  Black  Sea  basin  situated  within  the  Alpine  mobile  belt.  The  area 
is  about  850  km  long  and  some  tens  of  kilometers  wide.Evidence  from  repeated  leveling 
measurements  (on  10  lines  for  the  period  1916-1990)  for  the  coast  strip  as  a  whole  either 
do  not  show  any  movements  or  very  insignificant  subsidence  (not  more  than  2  mm/yr) 
relative  to  the  inner  parts  of  the  plain.  Zones  of  contrasting  movements  have  been 
identified.  The  rates  in  such  zones  are  mosdy  1-3  mm/yr,  occasionally  reaching  5-10 
mm/yr  during  certain  time  intervals.  The  tide-gauge  observations  at  12  stations  show 
subsidence  at  all  coastal  stations  at  rates  of  as  much  as  3-4  mm/yr,  which  is  generally 
consistent  with  leveling  data.  In  addition  to  a  general  southward  tilting,  geologic 
structural  and  geomorphological  techniques  revealed  several  nearly  east-west  flexural 
fracture  zones,  namely,  in  the  lower  reaches  of  the  Dnieper  (Bug  liman),  in  the  Perekop 
(northern  Crimea-Sivash),  and  along  the  northern  coast  of  the  Sea  of  Azov.  The  geodetic, 
tide-gauge  and  geologic-geombrphic  data  are  generally  mutually  consistent,  providing 
evidence  of  recent  coastal  activity,  regional  and  in  separate  zones. 


NATURAL  CAUSES  OF  RECENT  (-100  yr)  VERTICAL  LAND 
MOVEMENT  IN  THE  NETHERLANDS 

H.  Kooi.  (1),  P.  Johnston  (2),  K.  Lambeck  (2),  C.  Smither  (2),  and  R.E. 
Molendijk  (3) 
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Public  Works  and  Water  Management,  Delft,  The  Netherlands 
kooi@geo,vu.nl/Fax: +3 1-20-6462457 

Geodetic  leveling  data  document  differential  vertical  movements  of  the  top 
of  the  Pleistocene  sands  of  up  to  1.5  mra/year  in  the  Netherlands  over  the 
last  century.  We  have  compared  these  movements  to:  (a)  mean  tectonic, 
isostatic  and  compaction  movements  at  time  scales  of  millions  of  years 
obtained  by  backstripping;  (b)  estimates  of  recent  (-  100  yr)  movements 
from  process  modelling  of  glacio-isostasy  and  compaction.  The  former  are 
insufficient  to  account  for  the  geodetic  observations  by  an  order  of 
magnitude.  The  latter  can  explain  less  than  half  of  the  observed  movements. 
This  suggests  that  the  residual  -  observed  less  isostasy  and  compaction 
estimates  -  which  is  interpreted  to  represent  tectonic  crustal  deformation, 
constitutes  an  important  contribution  to  present-day  movements.  The  results 
suggest  that  correction  of  tide-gauge  records  for  the  glacio-isostatic  signal 
alone  does  not  yield  an  appropriate  measure  of  eustatic  sea-level  rise  in  this 
area. 
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RECENT  VERTICAL  CRUSTAL  MOVEMENTS  IN  POZZUOLI, 
PHLEGREAN  FIELDS  CALDERA,  SOUTHERN  ITALY 
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Soprintendenza  Archeologica  di  Napoli,  Pozzuoli,  Italia. 

SESSION  G2  :  P,  A,  PIRAZZOLI  -  Preference  for  oral  presentation 

During  the  past  2000  years,  vertical  movements  of  several  meters  have  occured  in 
the  active  volcanic  caldera  forming  Pozzuoli  bay,  near  Naples  (Southern  Italy).  Sea 
level  biological  indicators  (traces  of  marine  perforations)  have  been  uplifted  to  7 
meters  above  present  sea  level  on  the  three  marble  columns  of  the  roman 
marketplace  (temple  of  Serapis).  It  was  granted  that  no  marine  shells  remain  on 
these  columns  (Dvorak  and  Mastrolorenzo,  1991).  A  recent  survey  disclose  the 
occurence  of  several  marine  species  in  situ  {Lithophaga  Uthophaga,  Mytilidae  sp., 
Barbaiia  barbata,  Irus  irus  and  Vermetus  ^.).  The  coral  Aslroides  calycularis  was 
also  founded  at  7  m  above  present  sea  level,  in  a  former  marine  cave,  1000  meters 
East  of  the  roman  marketplace  (Rione  Terra),  Radiocarbon  datation  of  this  biological 
material  is  pending.  These  Endings  will  give  a  better  chronological  accuracy  on 
relative  sea  level  variations  of  this  famous  site  in  order  to  confirm  or  deny  classical 
Parascandola  (1947)  hypothesis  of  maximum  subsidence  during  the  X°  century. 


Sea  Level  Change  during  the  Last  2500  Years  in  the  Kerch- 
Taman  area  (Black  Sea  and  the  Sea  of  Azov)  Based  on  Data 
from  Submerged  Structures  of  Antiquity 

A.  Nikonov 

Institute  of  Physics  of  the  Earth,  RAS 
geodin@adonis.iasnet.ru  Fax:  +095-2549088 

The  low-lying  Kerch-Taman  area  (the  southern  shores  of  the  Sea  of  Azov  and 
the  northeastern  shore  of  the  Black  Sea)  is  situated  between  the  mountain 
structures  of  the  Crimea  and  the  Caucasus  within  the  Alpine  mobile  belt  of 
Europe.  Intensive  human  settlement  in  the  area  during  antiquity,  starting  in  the 
6th  centuiy  B.C.,  and  a  satisfactory  state  of  knowledge  concerning  .archeological 
remains,  including  submerged  ones,  provide  opportunities  for  estimating  sea 
changes  based  on  the  positions  of  submerged  archeological  objects.  In  all.  15 
submerged  objects  of  the  6th  century  B.C.  to  the  4th  century  A.D.  that  bad 
fonnerly  been  on  dry  land  have  been  used.  These  are  mostly  haven  structures, 
city  walls,  individual  structures  or  their  basements.  At  present  they  lie  at  depths 
of  2-4  m,  corresponding  to  the  total  sea  level  rise  during  approximately  the  last 
2,500  years.  There  emerges  a  differentiation  in  height  changes  for  the  shoreline 
ranging  between  1. 5-2.0  m  and  3.5-4.0  m  in  accordance  with  the  tectonic 
features  concerned.  Accordingly,  the  mean  rate  of  sea  level  change  inferred  for 
the  above  time  period  is  estimated  as  0.6- 1.2  mm/yr  on  the  northern  coast  of  the 
Kerch  Peninsula  and  1. 0-1. 6  nun/yr  on  the  southern  and  eastern  coast. 


GLOBAL  POSITIONING  SYSTEM  CRUSTAL  DEFORMATION 
STUDIES  IN  THE  LOWER  TAGUS  VALLEY  AREA  FROM  1994  TO 
1997. 

Pagarete.  J.  and  V.B.  Mendes 

Department  of  Mathematics  of  the  Faculty  of  Sciences  of  the  University  of 
Lisbon 
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The  lower  Tagus  Valley  is  one  the  regions  in  Portugal  with  high  seismic 
activity,  where  earthquakes  of  magnitude  above  7  occurred  in  the  past. 

In  1993  we  have  established  a  Global  Positioning  System  (GPS)  10-station 
network  in  order  to  determine  crustal  deformation  in  this  area.  GPS 
observations  were  subsequently  carried  out  in  1994, 1995,  and  1997. 

In  this  paper,  we  present  the  main  conclusions  from  the  analysis  of  the  three 
campaigns.  The  expected  deformations  for  this  area,  as  indicated  by 
geological  smdies,  are  very  small  and  therefore  the  displacements  obtained 
from  the  analysis  of  these  campaigns  are  still  within  the  noise  level  of  the 
observations.  The  most  significant  displacements  we  have  obtained  until  now 
seem  to  be  more  related  with  monument  instability  and  amount  of  water 
present  in  the  soil  than  with  tectonic  deformations. 


POSTGLACIAL  SEA  LEVEL  HISTORY  AND  COASTAL  TEITTONICS 

W.R.  Peltier  (Department  of  Physics,  University  of  Toronto,  Toronto,  Ontario, 
(Canada  M5S  1A7;  peltierSatmosp.physics.utoronto.ca/Fax:  1-416-978-8905) 

The  global  viscoelastic  theory  of  the  glacial  isostatic  adjustment  process  which 
is  based  upon  the  use  of  a  spherically  symmetric  and  linear  Maxwell  model  of 
the  planetary  interior  has  been  shown  to  reconcile  an  extremely  large  fraction 
of  the  observed  postglacial  record  of  relative  sea  level  change.  This  includes 
essentially  all  of  the  data  from  the  “near  field”  of  the  ice-sheets,  not  only  from 
sites  that  were  once  ice-covered  but  also  from  the  surrounding  regions  of 
proglacial  forebulge  collapse.  Although  most  data  from  the  far  field  of  the  ice- 
sheets  is  also  adequately  reconciled  by  this  model,  there  do  exist  data  that  have 
been  construed  to  pose  a  significant  challenge  to  the  global  theory.  These 
consist  primarily  of  the  U/Th  dated  coral  based  records  from  the  Huon 
Penninsula  of  Papua,  New  Guinea  and  from  the  Island  of  Tahiti.  I  will  argue 
that  the  conventionally  assumed  rates  of  tectonic  uplift  that  have  been  used  to 
correct  the  data  at  these  locations  are  significantly  in  error  and  will  suggest  that 
these  rates  should  in  fact  be  inferred  so  as  to  correct  the  misfits  to  the  global 
theory  that  otherwise  exist.  I  will  also  discuss  a  new  set  of  data  from  of  the  east 
coast  of  Patagonia  which  reveal  strong  tectonic  uplift  effects  to  have  been 
operative  during  Holocene  time,  presumably  due  to  the  subduction  now 
occurring  off  the  west  coast  of  Patagonia.. 


RESULTS  OF  THE  SULAWESI  1997  GPS  CAMPAIGN 
W.J.F.  Simons  (1),  S.  Haji  Abu  (4),  B.A.C.  Ambrosius  (1),  Y.  Bock  (5),  J. 
Kahar  (2),  P.  Morgan  (6),  R.  Noomen  (1),  D.A.  Sarsito  (2),  S.  Sutisna  (3)  and 
A.  Walpersdorf  (1) 

(1)  DEOS,  TU  Delft,  The  Netherlands,  (2)  ITB,  Bandung,  Indonesia, 
(3)  BAKOSURTAN.AL,  Cibinong,  Indonesia,  (4)  DSMM,  Kuala  Lumpur, 
Malaysia,  (5)  SIO,  California,  USA,  (6)  University  of  Canberra,  Australia. 

In  October  1997,  a  dense  geodetical  network  was  measured  with  GPS  in  Su¬ 
lawesi,  Indonesia.  The  network  is  situated  in  a  tectonic  complex  region  near  the 
triple  junction  of  the  Eurasian,  the  Philippine  and  the  Indo- Australian  tectonic 
plates.  The  GPS  campaign  included  second  repeat  measurements,  also  for  sites 
of  the  GEODYSSEA  network  in  Indonesia  and  Malaysia  and  along  a  Palu-Koro 
fault  transect  in  Sulawesi.  Finally,  co-location  measurements  were  done  at  sites 
previously  occupied  by  the  Scripps  Institution  of  Oceanography  (SIO). 

The  acquired  data,  together  with  data  from  IGS  stations  in  the  same  region, 
were  analyzed  at  DEOS.  Both  the  JPL  GIPSY-II  and  the  MIT  GAMIT  soft¬ 
ware  were  used  to  process  the  data.  The  DEOS  3D-Motion  software  was  used 
for  the  network  deformation  analysis. 

The  results  of  this  GPS  campaign,  obtained  with  2  software  packages,  were 
compared  to  get  an  indication  of  the  reliability  of  the  solutions.  Next,  the  sta¬ 
tion  coordinates  were  processed  together  with  those  of  the  previous  Sulawesi 
and  GEODYSSEA  campaigns  of  1994  and  1996.  A  validated  kinematic  model 
for  the  present  motions  is  derived,  indicating  steady  state  velocity  or  non-linear 
displacements.  The  tectonic  motions  are  geophysically  interpreted. 


VALUE  OF  BIOLOGICAL  INDICATORS  TO  DETECT  RELATIVE  SEA- 
LEVEL  CHANGES :  A  GEODETIC  CONFIRMATION 

S.C.  Sliros  fP  and  P.A.  Pirazzoli  (2) 

(1)  Applied  Geodesy  Lab.,  Dept  of  Civil  Engineering,  University  of  Patras,  26500 
Greece,  stiros@hoI.gr/Fa\:  +30-61-997877,  (2)  Lab.  Gdographie  Physique,  CNRS, 
92195  Meudon  cedex,  France 

It  has  been  proposed  that  the  study  of  fossil  marine  fauna  can  provide  an  up  to  10 
cm  accurate  estimate  of  the  amplitude  of  relative  sea-Ievel  changes,  as  well  as 
evidence  for  episodic,  usually  seismic,  vertical  coastal  movements.  This  result, 
based  on  biological  and  micro-geomoiphological  data,  as  well  as  on  reports  of 
historical  earthquakes,  can  be  confirmed  by  tide-gauge  data,  as  our  study  in  Nisyros 
(an  active  volcanic  island  in  the  SE  Aegean)  reveals.  A  quite  unusual  transient 
relative  sea-Ievel  fall  of  about  25  cm,  lasting  for  more  than  two  weeks,  was  noticed 
by  local  people  along  the  coasts  of  this  small  island  and  resulted  in  a  massive 
killing  of  Vermetus  triqueteur  along  a  band  20-30  cm  wide  below  the  normal  low 
tide  level.  Field  studies  and  examination  of  recordings  from  the  three  nearest  tide 
gauge  stations  in  the  area,  at  distances  of  65-250  km,  revealed  that  the  observed 
relative  sea-level  fall  was  a  transient  meteorological  effect,  unrelated  to  the  series  of 
earthquakes  affecting  or  felt  in  the  island  during  the  preceding  two  years. 
Instrumental  data,  hence,  confirm  the  excellent  resolution  and  accuracy  of  certain 
biological  sea-level  indicators  to  detect  and  describe  the  amplitude  and  eventually 
the  episodic  character  of  relative  sea-level  changes. 
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PRACTICAL  LESSONS  FROM  ANALYSIS  OF  A  GPS  NET¬ 
WORK  DESIGNED  TO  DETECT  MOVEMENTS  OF  a  1  MM/Y 
IN  THE  EASTERN  PYRENEES 
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Although  the  level  of  seismicity  in  the  Eastern  Pyrenees  is  currently  moder¬ 
ate,  with  only  one  magnitude  5  earthquake  recorded  instrumentally,  important 
earthquakes  occurred  there  in  the  15th  century  (1427-1428). 

This  straightforward  observation  suggests  that  the  area  is  currently  in  the  in- 
terseismic  regime  between  large  earthquakes  separated  by  a  long  recurrence 
interval.  In  this  case,  strain  may  be  accumulating  as  crustal  deformation  which 
we  can  mezisure  by  repeated  geodetic  surveys. 

The  geodetic  network  consists  of  24  stations  with  a  characteristic  spacing  of 
about  15  km.  The  monuments  are  concrete  pillars  anchored  in  bedrock  outcrops 
chosen  to  span  the  traces  of  potentially  active  faults. 

The  network  has  been  observed  twice,  in  1992  and  in  1994,  using  dual-frequency 
receivers.  The  difficulties  encountered  and  the  experience  gained  processing 
the  campaigns  using  the  Bernese  and  the  GAMIT  software  are  described.  For 
multi-epoch  comparisons  and  velocity  field  determination,  a  new  mathematical 
model  has  been  developed  as  part  of  the  GeoTeX  software  at  the  ICC.  It  yields 
results  similar  to  those  obtained  by  the  GLOBK  software.  The  lessons  learned 
will  allow  us  to  improve  the  methodology  and  accuracy  of  future  campaigns. 
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SAR  INTERFEROMETRY  STUDY  OF  THE  M8.0  OCT.  9,  1995, 
JALISCO  EARTHQUAKE  (MEXICO) 

E.  Calais  (1),  F.  Courboulex  (2)  and  F.  Cotton  (3) 

(1)  CNRS  Geosciences  Asut,  Sophia  Antipolis,  France,  (2)  CNRS  Geosciences 
Azur,  Sophia  Antipolis,  France,  (3)  IPSN,  Fontenay  aux  Roses,  France. 

On  October  9,  1995,  the  M8.0  Jalisco  earthquake  struck  the  western  Mexican 
coast  in  the  Manzanillo  area.  It  is  the  largest  event  since  1932  along  the  North¬ 
ern  Central  America  subduction  zone.  This  event  is  a  shallow  (17  km)  thrust 
earthquake  with  a  rupture  plane  shallowly  dipping  to  the  NE,  related  to  the 
subduction  of  the  Rivera  and/or  Cocos  plate  beneath  Central  America.  It  was 
well  recorded  by  regional  and  worldwide  seismic  stations  (Courboulex  et  ah, 
1997)  and  the  associated  coseismic  deformation  was  measured  by  GPS  (Mel¬ 
bourne  et  ah,  1997).  The  inversion  of  seismological  data  shows  that  the  rupture 
initiated  20  km  offshore  and  propagated  for  150  km  in  a  N70\V  direction  along 
a  9  degrees  dipping  plane  whereas  the  inversion  of  GPS  data  shows  that  a 
variable  slip  model  on  a  200  km  long  plane  dipping  16  degrees  to  the  NE  best 
fits  the  observations.  Because  this  earthquake  occured  relatively  close  to  the 
coast,  the  area  of  maximum  expected  coseismic  subsidence  is  located  onland 
and  extends  in  a  direction  roughly  parallel  to  the  shore  line.  This  makes  the 
Jalisco  earthquake  particularly  suitable  for  SAR  interferometry.  We  present 
interferograms  of  the  co-  and  post-seismic  deformations  associated  with  this 
earthquake.  We  discuss  the  constraints  brought  by  this  new  data  set  on  the 
rupture  geometry  and  on  the  subduction  processes  at  the  Northern  Central 
America  subduction  zone. 


SURFACE  DEFORMATION  MEASUREMENTS  OF  VOLCA¬ 
NOES  USING  SAR-INTERFEROMETRY 
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Surface  deformation  measurements  of  active  volcanoes  using  differential  Syn¬ 
thetic  Aperture  Radar  (SAR)  interferometry  could  be  extremely  valuable.  Vol¬ 
canoes  often  deform  prior  to  eruption,  yet  SAR  does  not  involve  the  deployment 
of  ground  instruments,  and  thus  poses  no  risk  for  field-crews.  In  this  paper  sur¬ 
face  deformation  measurements  for  Fogo,  Cape  Verde  Islands,  Popocatepetl  in 
Mexico,  Montserrat  and  for  Unzen  and  Sakurajiima,  Japan,  are  presented.  We 
use  the  ’three-pass’  approach,  removing  topographic  signals  with  ERS  tandem 
data. 

For  Popocatepetl  a  two-month  interferogram  has  sufficient  coherence  for  a  de¬ 
formation  measurement  over  about  1/3  of  the  volcano’s  surface.  On  the  SW 
flank  of  the  volcano  a  2000  m  long  phase  signature  can  be  identified,  perhaps 
related  to  an  eruption  that  occurred  2  days  after  the  acquisition  of  the  second 
scene.  Fogo  erupted  in  April  95.  Several  interferograms  for  the  time  period  after 
the  eruption  indicate  subsidence  of  an  area  covered  by  a  lava  flow  .  Subsidence 
was  six  month  after  the  eruption  at  a  rate  of  3  cm/month  and  12  month  after 
the  eruption  at  a  rate  of  1  cm/month.  The  subsidence  is  probably  related  to 
thermal  contraction  and  to  compaction  of  the  cooling  lava. 


MODELLING  THE  DEFORMATION  RELATED  TO  THE  MW=8.1 
ANTOFAGASTA  EARTHQUAKE  OF  NORTHERN  CHILE  (1995)  USING 
SAR  INTERFEROMETRY  AND  GPS  MEASUREMENTS 
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The  strong  (Mw=8.1)  subduction  earthquake  of  July  30,  199S  ruptured  the 
southernmost  portion  of  the  seismic  gap  of  northern  Chile.  This  gap,  defined 
between  18°S  and  25°S  was  covered  by  a  GPS  network  of  about  50  benchmarks 
installed  in  1992  and  remeasured  after  the  event  in  1995  and  1996.  The 
exceptionally  dry  Atacama  desert  gives  a  good  opponunity  to  study  the  surface 
deformation  with  SAR  interferometry.  To  cover  the  large  area  deformed  with  ERS 
scenes  requires  to  span  at  least  3  contiguous  satellite  tracks  with  3-5  images 
(100x100  km)  on  each  and  to  treat  many  interferometric  couples.  The 
interferograms  show  coseismic  deformation  over  at  least  150  km  x  300  km  reaching 
60  cm  of  range  increase.  The  asymmetry  of  the  subsidence  region,  outlined  by 
concentric  fringes  with  an  ear  shape,  is  consistent  with  the  right-lateral  component 
of  slip  deduced  from  the  GPS  and  body-wave  inversion.  We  use  the  GPS  and  SAR 
data  and  an  elastic  dislocation  model  to  explore  in  more  detail  possible  source 
configurations  and  the  evolution  of  deformation  in  time.  The  modelling  procedure 
lakes  into  account  variable  distribution  of  slip  and  possible  geometric^inematic 
complexities  at  the  subduction  interface.  We  discuss  the  consistency  of  the  models 
with  the  seismic  moment,  the  fault  plane  solution  and  the  hypocenter  of  the 
mainshock  and  with  the  disuibution  of  aftershocks. 
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MOISTURE  EFFECT  ON  PHASE  AND  AMPLITUDE  OF 
BACKSCATTERED  MICROWAVE  SIGNAL  FROM  SOIL  SUR¬ 
FACES 

D.  Despan  (1),  A.  Bedidi  (1),  J.-P.  Rudant  (1),  G.  Nesti  (2),  D.  Tarchi  (2), 

E.  Bachelier  (3)  and  P.  Borderie  (3) 

(1)  LPMG  Universite  de  Marne-la-Vallee,  (2)  SAI,  JRC,  Italy,  (3)  ONERA, 
CERT,  Toulouse. 
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Early  applications  of  RADAR  techniques  used  only  the  amplitude  and  fre¬ 
quency  of  the  backscattered  signal  in  order  to  reconstruct  position  in  space 
and  to  obtain  basic  information  about  targets.  Actual  radar  systems  give  ac- 
ces  to  the  full  information  on  the  reflected  electromagnetic  wave,  including  its 
phase. 

We  discuss  how  phase  and  amplitude  of  the  radar  signal  reflected  by  the  surface 
of  natural  soil  targets  are  influenced  by  the  moisture  content  of  the  target.  The 
purpose  of  this  study  is  to  get  some  hints  on  how  information  about  phase  and 
amplitude  can  be  conjugated  in  order  to  retrieve  moisture  from  radar  measure¬ 
ments.  The  dielectric  properties  of  the  target  depend  not  only  on  this  average 
value,  but  also  on  how  water  is  distributed  inside,  namely  on  the  moisture 
distribution  profile  m„(2).  Monostatic  polarimetric  measurements  were  per¬ 
formed,  using  the  facilities  of  the  European  Microwave  Signature  Laboratory 
in  Ispra,  Italy,  on  different  surface  soils  targets,  within  the  frequency  range  (4 
-24  GHz). 


Satellite  Radar  Interferometry  in  the  French  Alps; 
Initial  Results 

Kurt  L.  Feigl  Ml.  Alexis  Rigo  (I ),  and  Fabrice  Cotton  (2) 

(1)  CNRS  UMR  5562,  14  Ave.  E.  Belin,  3 1400  Toulouse.  France 

(2)  Institut  de  Protection  et  Surete  Nucleaire.  Fontenay  aux  Roses.  France 
Kurt.Feigl@cnes.fr 

We  attempt  to  apply  satellite  radar  interferometry  to  the  Belledonne  range  in  the 
Northern  French  Alps.  This  area  has  been  identified  as  currently  undergoing  rapid 
deformation  on  the  basis  of  a  comparison  of  GPS  and  historical  triangulation 
measurements  [Martinod  et  al..  Geophys.  J.  Int.,  127,  189-200,  19971.  According  to 
these  authors,  the  “data  suggest  a  roughly  3-5  mm/yr  active  shortening  concentrated 
at  the  external  front  of  the  Suhalpine  chains.”  Localized  in  a  zone  less  than  100  km 
wide,  such  a  velocity  field  implies  a  velocity  gradient  (strain  rate)  which  reaches 
4x  lO'^/yr,  among  the  most  rapid  deformation  rates  observed  on  the  Earth’s 
continental  cru.st.  If  these  estimates  arc  indeed  valid,  the  deformation  should  be 
detectable  by  satellite  radar  interferometry.  Depending  on  the  magnitude  of  the 
vertical  component  of  the  deformation  field,  we  expect  between  one-half  and  one 
interferometric  fringe  (3  cm)  of  range  change  in  an  interferogram  composed  of 
ERS-1  and  ERS-2  images  acquired  5  years  apart.  The  key  question,  of  course,  is 
whether  the  surface  and  climatic  conditions  will  permit  successful  correlation  over 
such  a  long  interval  of  lime.  To  calculate  the  interferograms.  we  use  the 
DIAPASON  software  developed  by  CNES  and  licensed  via  GDR  INSAR. 


DOES  THE  EFFECT  OF  POLLUTION  AS  ATMOSPHERIC  IN¬ 
HOMOGENEITIES  INTRODUCE  PHASE  SHIFTS  IN  SAR  IN¬ 
TERFEROGRAMS  ON  URBAN  SITES  ? 

B.  Fruneau  (1),  J.-P.  Rudant  (1)  and  N.  Classeau  (1) 

(1)  LPMG,  Universite  de  Marne-la-Vallee. 
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Ten  interferograms  of  the  city  of  Paris,  France,  are  derived  from  tandem  SAR 
images  during  the  period  July  28  1993  -  Aug.  10  1996.  For  six  of  them,  the 
use  of  a  Digital  Elevation  Model  to  remove  the  topography  is  not  required,  as 
the  baselines  considered  are  small  (B  <  30m)  on  this  area  with  low  variation 
in  elevation.  The  coherence  is  shown  to  remain  high  over  more  than  3  years, 
thus  indicating  the  feasibility  of  the  detection  of  very  low  subsidence  rates  over 
a  long  time  span  on  urban  areas.  The  main  problem  for  this  kind  of  measure¬ 
ments  seems  to  be  the  tropospheric  inhomogeneities  and/or  the  pollution  which 
could  introduce  phase  shifts  of  the  same  magnitude  of  the  signal  we  want  to 
observe.  Large  scale  phase  variations  as  high  as  one  fringe  and  located  on  the 
city  can  be  easily  detected  on  all  interferograms.  Those  fringes  can  not  be  as¬ 
sociated  with  topography,  because  of  the  small  baseline  values.  This  kind  of 
”  bubble  ”  is  even  clearly  visible  on  a  1-day  interferogr!  am,  and  excludes  the 
hypothesis  of  a  displacement  which  would  correspond  to  a  3  cm  subsidence  of 
the  whole  city  !  Using  standard  meteorological  information  and  radiosoundings, 
as  well  as  pollution  data,  the  plausibility  of  these  phase  variations  to  be  cither 
atmospherical  of  origin  or  due  to  pollution  is  examined. 


Satellite  Radar  Interferometry  in  the  Southern  Iceland 
Seismic  Zone:  Initial  Results 

Jerome  Gasped  (1) 
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We  attempt  to  apply  satellite  radar  interferometry  to  the  part  of  the  Icelandic  plate 
boundary  where  the  seismic  moment  release  rate  is  the  greatest.  Building  on  two 
previous  studies  which  successfully  correlated  radar  images  acquired  two  years 
apart  on  recent  lava  flows,  we  analyze  several  image  pairs  spanning  four  years  under 
favorable  orbital  and  climatic  conditions.  To  calculate  the  interferograms,  we  use 
the  DIAPASON  software  developed  by  CNES  and  licensed  via  GDR  INSAR. 
Depending  on  the  magnitude  of  the  vertical  component  of  the  deformation  field,  we 
expect  between  one-half  and  one  interferometric  fringe  (3  cm)  of  range  change  in  an 
interferogram  composed  of  ERS-1  and  ERS-2  images.  We  will  attempt  to  interpret 
the  interferometric  measurements  in  the  context  of  other  geophysical  measurements 
in  this  area  which  has  been  identified  for  particular  scrutiny  by  the  PRENLAB-2 
project. 


SURFACE  DEFORMATION  AT  THE  TJORNES  RIFT-TRANSFORM 
JUNCTION  (NORTH  ICELAND)  COMPUTED  FROM  SAR  IMAGES 
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The  Tjbrnes  Fracture  Zone  (TFZ)  is  a  diamond  shaped  transform  zone  between  the 
offshore  Koblensey  ridge  and  the  onland  North  Iceland  Rift  2^ne.  Its  southern 
border  is  a  100km  long  N120®E  dextral  strike-slip  zone,  a  few  kilometers  offshore 
North  of  the  island  for  most  of  its  length.  Historically,  it  is  a  seismically  very  active 
segment  with  dextral  strike-slip  and  normal  mechanisms.  Pull-aparts  and  pressure- 
ridges  are  characteristic  of  its  onland  section.  The  eastern  tip  is  abruptly  cut  off  by 
one  of  the  fault  zones  of  the  North  Iceland  Rift  Zone.  Following  the  1975  to  1984 
Krafla  rifting  event,  the  seismic  activity  of  the  Husavik  fault  decreased  considerably. 
It  remained  negligible  for  more  than  eight  years.  This  change  can  be  explained  by  a 
sudden  stress  increase,  following  the  rifting  episode,  which  would  have  blocked  the 
fault.  However,  aseismic  movement  is  not  to  be  excluded. 

SAR  couples  from  ERSl  and  ERS2  are  used  to  form  interferograms,  covering  the 
transform  fault  and  its  junction  with  the  rift,  with  temporal  values  up  to  four  years, 
across  the  transform  fault.  These  observations  will  allow  us  to  determine  (1)  the 
behavior  of  the  transform  fault  after  a  major  rifting  episode,  and  (2)  the  local 
kinematics  at  the  rift-transform  junction. 


WHAT  IS  THE  RESOLVING  POWER  OF  INTERFEROMET¬ 
RIC  DATA  TO  CONSTRAIN  SLIP  DISTRIBUTION  OF  EARTH¬ 
QUAKES  AT  DEPTH  ?  . 

B.  Hernandez  (1,2),  F.  Cotton  (1)  and  M.  Campillo  (2) 
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(2)  Universite  Joseph  Fourier,  Grenoble,  France. 
hernandCberlin .far . cea . f r 

Interferometry  provides  spectacular  contour  maps  of  the  deformation  created 
by  earthquakes. 

Is  it  possible  to  use  such  rich  data  set  to  constrain  slip  distribution  of  the 
earthquake  at  depth  ? 

Does  SAR  data  (one  component)  provide  additional  information  compared  to 
GPS  data  (vector)  ? 

We  applied  two  inversion  techniques  (genetic  and  least  square)  to  S.AR  and  GPS 
data  of  the  1992  Landers  earthquake  data  separetly  to  test  their  uniqueness  and 
resolution  with  depth  and  to  compare  their  resolving  power  on  slip  distribution 
along  faults.  We  also  applied  these  techniques  to  "synthetic”  data.  We  show 
that  the  use  of  interferometric  data  provides  high  resolution  slip  amplitude 
models,  particularly  at  shallow  depth. 

In  order  to  solve  the  problem  of  the  lack  of  resolution  at  depth,  we  finally 
constrain  the  slip  near  the  surface  with  geological  observations  and  inverse  the 
slip  distribution  at  depth  with  S.AR  data. 

These  results  are  then  used  to  constrain  the  rupture  front  velocity  of  the  earth¬ 
quake  using  strong  motion  data  (see  Cotton  et  al.,  this  meeting) 
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LAND-SURFACE  MONITORING  USING  INTERFEROMETRIC 
PHASE 
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Radar  interferometric  data  coming  from  remote  sensing  are  multitemporal  and 
display  changes  occuring  between  two  successive  acquisitions.  As  a  consequence, 
interferograms  contain  significant  information  capable  of  enhancing  land  clas¬ 
sification  results.  For  instance,  important  phasimetric  effects  can  be  observed 
on  some  types  of  vegetation  submitted  to  rainy  periods.  However,  interfero¬ 
metric  phase  is  less  used  for  thematic  monitoring.  To  draw  the  potentialities  of 
these  phase  images  for  ground  occupation  study,  it  is  necessary  to  detect  and 
characterize  meaningful  structures. 

In  this  work,  we  present  a  segmentation  method  for  these  structures  which  cor¬ 
respond  to  fields  of  same  ground  occupation.  The  segmentation  of  phasimetric 
artefacts  is  performed,  taking  into  consideration  the  phase  image  and  the  in¬ 
terferometric  coherence.  The  process  is  based  on  a  statistical  model,  robust  in 
a  noisy  environment. 

The  novelty  of  the  approach  resides  on  the  use  of  two  information  (phase  and 
coherence  images)  in  order  to  correspond  as  close  as  possible  to  the  effects’ 
definition.  The  use  of  a  statistical  model  provides  good  detections  even  for 
high  perturbed  areas.  The  model  is  easily  extensible  by  using  the  radar  intensity 
information  and  its  temporal  evolution. 


INVESTIGATION  OF  THE  MW=7.3  AQABA  EARTHQUAKE  OF 
NOV.  22,  1995  FROM  SEISMOLOGY  AND  INTERFEROMETRY 
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An  earthquake  of  magnitude  Mw=7.3  activated  the  southern  part  of  the  Levant 
fault  system  on  Nov.  22,  1995.  The  epicenter  was  located  offshore  in  the  Gulf 
of  Aqaba.  Firstly  a  source  model  was  derived  from  the  analysis  of  teleseismic 
bodywaves  and  adjusted  in  view  of  the  aftershock  distribution,  and  surface 
ruptures  observed  in  the  fields.  Coseismic  deformation  was  determined  using 
an  interferogram  computed  from  two  ERS-1  SAR  images  with  topographic 
corrections  obtained  from  a  digital  elevation  model  (from  SPOT  stereographic 
views).  The  interferogram  is  used  to  derived  a  model  of  the  dislocation  which 
is  compared  to  the  model  deduced  from  seismology,  in  order  to  assess  the 
quality  of  the  model  proposed.  Finally,  the  preferred  model  consists  of  three 
sub-events  with  a  total  duration  of  18.5  s.  and  a  general  northward  directivity. 
Fault  planes  strike  between  lO’E  to  24'’E  with  dip  between  60°  an  80°.  Each 
sub-event  is  mainly  strike-slip  with  a  major  left-lateral  sense  of  shear  and  a 
minor  normal  component.  They  are  arranged  in  a  left-stepping  en  Echelon  fault 
system.  We  further  discuss  the  significance  of  such  event  as  to  long  term  tectonic 
deformation,  i.e.  the  geomorphologic  development  of  the  Gulf  of  Aqaba,  and 
the  8  mm/yr  left-lateral  strike-slip  motion  along  the  Levant  fault  system. 


G4  Precise  satellite  orbits  for  geophysical  applications 
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SAR  INTERFEROMETRY  ON  THE  ST-PAUL  DE  FENOUILLET  EARTHQUAKE 
(18  FEBRUARY  1996;  ML=5.2;  PYRENEES,  FRANCE):  SEPARATING 
ATMOSPHERIC  AND  COSEISMIC  SIGNATURES. 
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We  use  satellite  radar  interferometry  to  measure  the  coseismic  deformation 
field  produced  by  the  Ml  .5.2  St-Paul  de  Fenouillet  earthquake  in  the  French 
eastern  Pyrenees.  This  earthquake  occurred  the  February  18,  1996  on  the  St- 
Amac  Fault,  in  the  Agly  granitic  massif,  according  to  the  detailed  analysis  of 
the  aftershock  sequence.  Using  ERS- 1  and  ERS-2  images,  we  calculate  six 
interferograms  of  which  four  are  coseismic  over  a  period  of  70  days,  and 
two  span  a  I -day  period  for  the  tandem  mission.  All  pairwise  combinations 
of  images  correlate  well  despite  marked  differences  in  seasonal,  climatic  and 
surface  (especially  vegetation)  conditions.  The  resulting  interferograms 
exhibit  a  few  3  cm  -  fringes,  not  all  of  which  are  closed.  These  features 
cannot  be  the  coseismic  signal  because  of  their  location  and  their  spatial 
dimension.  Comparing  the  interferograms,  we  interpret  these  fringes  as 
atmospheric  artefacts  related  to  local  topographic  reliefs  in  this  area.  After 
correcting  these  artefacts,  we  are  able  to  extract  the  coseismic  signal. 
Because  the  earthquake  has  a  small  magnitude  and  is  located  at  7.5  km 
depth,  we  are  exploring  here  the  limitations  of  the  SAR  interferometry 
technique.  Nevertheless,  these  interferograms  can  help  bound  the  depth  and 
the  mechanism  of  the  earthquake. 


PRECISE  GPS  ORBIT  MODELING  FOR  GEODESY  -  REVIEW 
AND  ERROR  ANALYSIS 
Y.  E.  Bar-Sever  and  D.  C.  Jefferson 

Jet  Propulsion  Laboratory,  California  Institute  of  Technology. 
yebCcobra.jpl. nasa.gov 

In  high-precision  geodesy  GPS  orbits  are  estimated  together  with  geodetic  and 
geodynamic  parameters  of  interest  in  a  grand  solution.  Fixed  to  their  estimated 
value,  they  can  then  be  used  to  estimate  many  other  geodetic  parameters  (e.g., 
as  in  point-positioning).  In  either  case,  orbital  errors  propagate  to  all  other 
estimated  quantities.  For  some  quantities,  such  as  length-of-day,  GPS  orbital 
errors  can  be  a  limiting  error  source.  In  the  never  ending  quest  to  improve  our 
knowledge  of  our  home  planet  it  is  necessary  to  understand  the  limiting  effects 
of  GPS  orbital  errors  on  the  accuracy  with  which  we  can  estimate  important 
quantities  such  as  Earth  Orientation  parameters,  site  coordinates  and  tropo¬ 
spheric  delay.  In  this  paper  we  will  review  the  state  of  the  art  in  GPS  orbit 
modeling  and  assess  the  level  of  orbital  errors  currently  achieved.  We  will  then 
present  an  error  analysis  in  order  to  quantify  the  impact  of  GPS  orbital  errors 
on  various  geodynamic  quantities.  Finally,  we  will  discuss  the  challenges  and 
mysteries  of  GPS  orbit  modeling,  and  describe  some  present  efforts  and  future 
prospects  for  improving  GPS  orbits. 


IMPROVING  THE  FIRST  HARMONICS  OF  THE  EARTH 
GEOPOTENTIAL  BY  USING  SLR  DATA  TO  ETALON  AND  GPS 
SATELLITES. 
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Taking  into  account  that  the  orbits  of  Etalon  and  GPS  satellites  are  located 
near  the  2:1  resonance,  we  have  carried  out  an  improvement  of  the  C22,  S22,  C32, 
S32  coefficients  which  ate  the  most  influential  coefficients  of  the  geopotential 
for  these  orbits.  We  have  used  satellite  laser  ranging  data  to  the  Etalon-1,2 
and  GPS-35,36. 

We  have  followed  the  lERS  conventions  as  explained  in  the  lERS  Technical  Note 
21.  We  used  the  JGM~3  geopotential  model  and  considered  the  perturbations 
due  to  the  solid  and  oceanic  tides,  lunisolar  attraction,  solar  radiation  pressure. 
Earth  rotation,  apparent  forces,  indirect  oblateness,  tropospheric  corrections, 
oceanic  loading  and  plate  displacement.  To  carry  out  our  work,  we  have  made 
use  of  a  version  of  the  ORBITIO  software  adapted  to  these  satellites  and  SLR 
data. 

Values  obtained  for  the  above  mentioned  tesseral  coefficients  improve  the  values 
of  the  model  in  the  last  signiflcatlve  digit,  and  maintain  the  same  approximation 
to  the  global  model.  The  results  obtained  for  the  Etalon  satellites  gave  smaller 
residuals  than  for  the  GPS  satellites. 


ANALYSIS  OF  THE  PRECISE  RANGE  AND  RANGE-RATE 
EQUIPMENT  (PRARE)  AND  IT'S  APPLICATION  TO  PRECISE 
ORBIT  DETERMINATION 
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Center  for  Space  Research,  University  of  Texas  at  Austin 

bordi@csr.utexas.edu 

This  presentation  will  show  the  impact  of  the  Precise  Range  And  Range-rate 
Equipment  (PRARE)  on  the  quality  of  the  orbits  produced  for  ERS-2.  The  addition 
of  PRARE  data  allows  the  orbits  to  be  computed  without  using  the  satellite 
altimetry,  which  prevents  aliasing  of  oceanographic  signals  into  the  orbits.  The 
PRARE  system  provides  range  and  Doppler  measurements  from  a  widely  distributed 
network  of  ground  stations.  In  addition  to  PRARE,  Satellite  Laser  Range  (SLR) 
measurements  are  also  used  in  the  orbit  determination  procedure.  The  PRARE 
network  complements  the  network  of  SLR  stations  tracking  ERS-2,  with  many 
PRARE  stations  located  in  the  Southern  hemisphere.  The  PRARE/SLR  orbits  are 
evaluated  by  using  the  altimeter  crossovers  as  an  independent  measure  of  their 
accuracy.  Other  methods  of  orbit  evaluation  include:  comparing  orbit  height 
differences  between  independently  determined  orbits,  comparisons  between  sea  surface 
topographies  computed  from  ERS-2  and  those  obtained  from  TOPEX/Poseidon,  and 
examination  of  arc  overlaps.  The  estimates  of  the  PRARE  station  coordinates  will 
be  evaluated  by  examining  the  consistency  of  solutions  over  different  time  spans, 
making  comparisons  to  externally  computed  coordinates,  and  comparing  the  results 
to  survey  ties  to  other  well  known  geodetic  monuments.  The  results  of  using  the 
PRARE  data  to  tune  the  gravity  field  will  also  be  presented. 


ON  GFZ-1,  DIADEME-IC  AND  DIADEME-ID  ORBIT  AND 
GRAVITY  FIELD  MODELING 
Z.  Chen  and  R.  Kbnig 

GeoForschungsZentrum  Potsdam  (GFZ),  Div.I:  Kinematics  and  Dynamics  of 
the  Earth,  c/o  DLR,  D-82230  Oberpfaffenhofen,  Germany. 

The  GFZ-1  satellite  is  orbiting  the  Earth  since  April  1995.  Its  altitude  declined 
from  the  initial  height  of  400  km  to  now  under  380  km.  While  its  altitude  is 
continuously  decreasing,  its  sensitivity  to  the  Earth’s  gravity  field  is  simulta¬ 
neously  increasing.  Thus,  gravity  field  modeling  remains  the  primary  mission 
goal  during  its  entire  life  of  up  to  five  years. 

Evaluation  of  GFZ-1  laser  tracking  data  has  resulted  in  a  new  satellite-only 
gravity  field  model  based  upon  the  PGM055  solution  deduced  from  34  other 
satellites.  The  sensitivity  analysis  of  the  new  model  shows  that  the  incorpora¬ 
tion  of  GFZ-1  data  has  contributed  to  an  improved  estimation  of  the  harmonic 
coefficients  in  the  GFZ-1  resonant  orders  31  and  46  as  weli  as  to  the  evaluation 
of  harmonic  coefficients  in  the  resonant  orders  61,  77  up  to  degree  100. 

The  recently  retracked  satellites  Diademe-lC  and  Diademe-ID  are  relevant  for 
gravity  field  modeling  due  to  their  low  inclination  orbits  at  about  40°.  New 
gravity  field  models  have  been  determined  also  on  the  basis  of  the  PGM055 
satellite-only  solution  by  incorporation  of  the  new  laser  data  acquired  during 
the  period  of  April  to  October  1997.  Significant  improvements  can  be  seen  not 
only  in  the  resonant  orders  for  both  satellites,  but  also  inbetween  the  resonant 
orders  due  to  the  low  inclination  impact. 


PRECISION  ORBIT  DETERMINATION  OF  THE  TROPICAL  RAINFALL 
MEASURMENT  MISSION  USING  TDRSS  WITH  APPLICATION  TO 
GEOPOTENTIAL  MODEL  IMPROVEMENT 

.  C.  M.  Cox,  D.  S.  Chinn,  and  S.  B.  Luthcke 
Hughes  STX  Corp.,  7701  Greenbelt  Rd.,  Greenbelt,  MD,  20770,  USA 

F.  G.  Lemoine 

Laboratory  for  Terrestrial  Physics,  NASA  GSFC,  Greenbelt,  MD,  20771,  USA 

The  Tropical  Rainfall  Measurement  Mission  (TRMM)  was  launched  on  November 
27,  1997,  into  a  340  km  orbit  at  an  inclination  of  35  degrees.  This  altitude  and 
inclination  represent  an  undersampled  combination  in  recent  satellite-only 
geopotential  models.  Primary  tracking  and  telecommunications  for  TRMM  are 
being  provided  by  the  Tracking  and  Data  Relay  Satellite  (TDRS)  System  (TDRSS), 
which  supplies  one-  and  two-way  range  and  range-rate  tracking  data  to  user 
satellites.  Application  of  enhanced  force  and  measurement  modeling,  the  precise 
orbit  knowMge  of  TOPEX/POSEIDON  and  it's  TDRSS  tracking,  along  with  the 
leveraging  of  TDRSS  tracking  of  other  satellites  is  used  to  reduce  TDRS  orbit 
errors.  The  increased  accuracy  in  the  TDRS  orbits,  in  conjunction  with  improved 
spacecraft  force  and  measurement  modeling,  allows  the  strength  of  the  'TRMM 
tracking  data  to  be  used  for  geopotential  model  improvement.  Results  of  the  TRMM 
orbit  determination  for  the  first  two  months  of  the  mission  will  be  presented,  in 
addition  to  an  assessment  of  it's  impact  on  satellite-only  geopotential  models. 


A  short  arc  orbit  method  for  altimeter  satellite  with  laser  reflectors 
Manuel  CatalDn  M(1),M.  CataIBn  P.U(2) 

(l)Real  Instituto  y  Observatorio  de  la  Armada  (Spain),  (2)  Univ,  of  Cadiz  (Spain) 

Because  of  their  truly  global  coverage  and  direct  tie  to  the  geocenter  through  the 
satellite  tracking  stations,  satellite  altimetry  should  be  the  technique  that  provides  the 
best  measurements  of  the  global  sea  level  change  over  the  shorter  averaging  periods. 
According  to  is  of  interest  for  ocean  dynamic  studies  and  for  the  accurate  assessment 
of  the  current  rate  of  change  of  sea  level,  to  find  out  with  the  best  possible  accuracy 
the  radial  component  of  the  position  vector  of  an  oceanographic  satellite,  like 
TOPEX-POSEIDON,  ERS-I  or  ERS-2,  with  an  altimeter  on  board.  According  to  we 
present  in  this  communication  the  short  arc  orbit  computation  method  we  have 
developed  including  the  criteria,  characteristic  and  budget  error.  The  main  features  of 
our  technique  consist  of  a  detailed  "a  priori"  analysis  of  the  geometrical  shape  of  the 
passes  with  respect  to  the  laser  stations,  to  have  the  best  orbit  component 
determination  over  an  orbit  of  3000-4000  km.  Our  method  takes  as  reference  the 
Precision  Orbit  Ephemeris(POE)  computed  by  NASA  for  each  Topex-Poseidon  ten 
days  repeats  cycle.POE  orbits  are  accurate,  in  its  radial  component,  better  than  4 
cm.Our  short  arc  formalism  computes  corrections  to  this  input  orbit,  when  the 
satellite  overflies  the  European  laser  tracking  net,  typically  10  to  15  minutes,  covering 
an  orbit  length  of  about  4000  km.The  tracking  data  used  were  the  normal  points  at  the 
frequency  of  15  seconds  intervals,  as  produced  by  EUROLAS  data  Bank  for  its  public 
use.Results  obtained  are  compared  with  NASA,  CNES  and  CERGA  orbits  and  an  "a 
posteriori"  analysis  is  tnade  using  our  orbit  and  the  SLR  tracking  residua. 


VERTICAL  RATES  OF  THE  DORIS  STATIONS 

J.F.  Crdtaax.  L.  Soudarin  and  A.  Cazenave 
LEGOS-GRGS/CNES,  Toulouse,  France 

The  DORIS  space  system  allows  determination  of  3-D  station  velocities.  Here  we 
present  vertical  motions  of  48  globally  distributed  DORIS  stations  based  on  4  years 
of  data  on  SPOT-2,  SPOT-3  and  Topex-Poseidon.  Although  the  time  span  of  data 
is  still  short,  36  out  of  the  48  stations  have  vertical  rate  formal  errors  less  than 
I  mm/yr.  Except  for  those  stations  subject  to  significant  postglacial  rebound,  hence 
of  predictable  vertical  motion,  most  DORIS-derived  vertical  rates  can  hardly  be 
validated.  In  some  cases,  however  comparisons  with  SLR,  VLBI  or  GPS-based 
vertical  rates  have  been  carried  out.  In  addition  to  the  linear  trchd,  short  term 
(mostly  seasonal)  variations  in  the  vertical  component  of  many  stations  are 
reported.  Possible  sources  of  tlie  observed  seasonal  variation  are  investigated. 
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SUB-CENTIMETER  LAGEOS  ORBIT  DETERMINATION; 
TECHNIQUES,  MODELS,  AND  APPLICATIONS 
R.  Eanes  aod  R.  Eanes 

Center  for  Space  Research,  University  of  Texas,  Austin,  Texas,  USA. 
eanesOcsr.utexas.edu/Fax:  [512]  471  7560 

Many  of  the  scientific  applications  of  space  geodesy  observations  depend  upon 
the  determination  of  tracking  station  and  satellite  positions  with  accuracies  of  a 
few  millimeters  or  better.  Examples  are:  maintenance  of  an  accurate  terrestrial 
frame  to  support  studies  of  sea  level  using  satellite  altimetry;  measuring  the 
anelasticity  of  the  solid  Earth  from  its  effect  on  station  positions,  satellite  orbits, 
and  Earth  orientation;  and  monitoring  of  the  mass  distribution  and  relative 
angular  momentum  of  the  air,  water,  and  ice  in  order  to  provide  global  scale 
constraints  on  general  circulation  models  applied  to  climate  research.  Satellite 
laser  range  observations  of  Lageos-1  and  Lageos-2  have  sufficient  accuracy  and 
spatio-temporal  resolution  to  address  many  of  these  demanding  applications 
providing  that  state-of-the-art  a  priori  physical  models  are  used  together  with 
appropriate  orbit  determination  and  parameter  estimation  strategies. 

This  paper  will  explain  the  orbit  determination  and  parameter  estimation  tech¬ 
niques  used  to  compute  station  positions  and  Lageos-l  and  Lageos-2  orbits  over 
a  five  year  span  which  fit  the  satellite  laser  range  data  to  an  RMS  of  7.5  mm. 
The  results  of  applying  this  SLR  data  to  the  determination  of  the  vertical 
component  of  station  velocities,  tidal  and  low  frequency  variations  of  earth  ori¬ 
entation  and  geocenter  motion,  and  orbital  perturbations  caused  by  solid  earth 
anelasticity  and  the  motion  of  the  geophysical  fluids  will  be  presented.  These 
results  establish  the  adequacy  of  the  orbit  determination  techniques  currently 
used  and  suggest  improvements  which  will  be  implemented  in  future  studies. 


THE  MOTION  OF  THE  PRARE-STATION  NEUMAYER 
LOCATED  ON  A  FLOATING  ICE-SHELF  IN  ANTARCTICA 

K.  Enninghorst,  S.  Bedrich,  F.  Flechtner  and  A.  Teubel 
GeoForschungsZentrum  Potsdam  (GFZ),  Division  1,  D-PAF  c/o  DLR  e.V., 
Oberpfaffenhofen,  D-82234  Weflling,  Germany. 

Klaus. Enninghorstfidir.de/Fax:  [49]  8153  28  1207 

The  Precise  Range  and  Range  Rate  Equipment  (PRARE)  on  board  of  the  Eu¬ 
ropean  remote  sensing  satellite  ERS-2  is  primarily  used  for  orbit  determination 
and  ionospheric  modeling.  Additionally,  it  is  possible  to  determine  the  position 
of  any  ground  station  within  the  network  of  global  PRARE-  and  laser  tracking 
stations  with  an  accuracy  of  better  than  2  cm. 

Since  January  1996,  the  PRARE  ground  station  of  the  Alfred-Wegener-Institut 
(AWI)  located  on  a  floating  ice-shelf  in  Antarctica  is  tracking  about  12  ERS-2 
passes  per  day.  A  detailed  analysis  of  the  tracking  data  yields  a  history  of  the 
motion  of  the  station  itself  consisting  of  lateral  and  vertical  components.  The 
determined  lateral  motion  of  approx.  150  m  per  year  matches  a  set  of  GPS 
measurements  within  a  few  cm.  The  derived  partial  tides  are  intercompared 
with  those  from  ocean  tide  models. 


SOME  GEOPHYSICAL  RESULTS  FROM  THE  ANALYSIS  OF 
ELEVEN  YEARS  OF  LAGEOS  I  DATA  USING  THE  LINKING 
TECHNIQUE 

J.M.  Leinoine.  P.  Rozanes,  R.  Biancale 

CNES  -  GRGS,  18,  avenue  Edouard  Belin,  3I40I  Toulouse  Cedex  4,  France 
E-mail :  Jean-Michel.Lemoine@cnes.fr 

The  so-called  "linking  technique"  consists  of  linking  dynamically  short  orbit  arcs  in 
order  to  generate  a  pseudo-continuous  orbit  over  long  durations,  allowing  the 
evaluation  and  analysis  of  geophysical  parameters  which  produce  long-term 
perturbations  of  satellite  orbits. 

In  the  framework  of  the  first  step  of  the  GRGS/GFZ  GR1M5  geopotential  model 
computation,  eleven  years  of  Lageosl  orbit  (1985-1996)  have  been  recomputed 
using  the  linking  technique  over  10-day  arcs. 

Results  include  an  evaluation  Of  the  movements  of  the  Earth's  center  of  figure  with 
respect  to  the  Earth's  center  of  mass,  modelled  with  a  yeariy  bias,  once  per  year  and 
twice  per  year  periodic  terms ;  the  temporal  evolution  of  the  first  zonal  terms  of  the 
gravity  field  ;  the  computation  of  the  coefficients  of  a  few  oceanic  tidal  waves  which 
generate  long-period  perturbations  ;  and  the  determination  of  the  position  and 
velocity  of  tracking  stations. 


IMPROVED  EARTH  GRAVITY  SOLUTIONS  DERIVED  FROM  TDRSS 
TRACKING 

F.  G.  Lemoine',  C.  M.  Cox\  D.  S.  Chinn^  N.  K.  Pavlis^ 

Y.  M.  Wang^  M.  H.  Torrence’,  R.  G.  Williamson’,  and  E.  C.  Pavlis’ 

‘Laboratory  for  Terrestrial  Physics,  NASA  GSFC;  ’Hughes  STX  Corp.;  ’Joint 
Center  for  Earth  Systems  Technology,  University  of  Maryland,  Baltimore  County 

Satellite-only  solutions  for  the  gravity  field  of  the  Earth  have  traditionally  been 
deficient  in  data  from  low  altitudes  and  inclinations.  We  have  been  experimenting 
with  updates  to  the  satellite-only  solution  EGM96S  using  new  Tracking  and  Data 
Relay  Satellite  System  (TDRSS)  data  from  the  Compton  Gamma  Ray  Observatory 
(i=28.5°,  alL=380  km),  the  Rossi  X-Ray  Timing  Explorer  (i=23°,  alt=579  km),  the 
Earth  Radiation  Budget  Satellite  (i=57°,  alL=585  km),  as  well  as  additional  data 
from  the  Explorer  Platform/Extreme  Ultra-Violet  Explorer  (i=28.4°,  alL=S10  km). 
The  inclusion  of  these  dau  is  made  possible  through  the  application  of  improved 
orbit  determination  and  modeling  for  the  TDRSS  relay  spacecraft.  We  have  tested 
the  addition  of  these  data  to  a  new  satellite-only  model  and  found  that  the  variance 
of  the  comparison  with  the  independent  5°  GEOSAT  altimeter-derived  gravity 
anomalies  has  improved  to  9.32  mGal’,  compared  to  10.19  mGal’  with  EGM96S, 
and  16.35  mGal’  with  JGM-2S.  We  will  describe  the  contribution  of  these  TDRSS 
data,  as  well  as  the  data  from  the  recently  launched  Tropical  Rainfall  Measurement 
Mission  (i=3S°,  alt. =340  km),  in  satellite-only  Earth  gravity  solutions,  and  in 
combination  solutions  with  direct  altimetry  and  surface  gravity. 


Precise  orbit  determination  for  TOPEX/POSEIDON,  The  challenge,  the  history, 
and  the  impact. 

Frank  G.  Lemoine 

Laboratory  for  Terrestrial  Physics,  NASA  Goddard  Space  Flight  Center,  Greenbelt, 
MD  20771 

TOPEX/Poseidon  has  been  the  catalyst  for  recent  improvements  in  precise  orbit 
determination,  and  has  led  directly  to  the  development  of  improved  gepotential  models 
from  GEM-Tl  through  JGM-3,  TEG-3  and  EGM96.  The  achievement  of  orbits  with 
a  precision  of  2-3  cm  required  that  meticulous  detail  be  paid  to  the  attimde  of  the  T/P 
spacecraft  and  the  nonconservative  forces  that  affect  its  orbit.  The  result  is  that  T/P 
orbit  determination  has  become  the  sundard  against  which  all  other  spacecraft 
missions,  especially  atlimeter  missions  from  the  ERS  satellites,  to  GFO,  to  JASON 
have  been  or  will  be  measured.  This  paper  will  review  the  latest  activities  in  the  field 
of  T/P  precise  orbit  determination,  as  well  as  the  ramifications  in  geodesy  and 
oceanography.  Future  improvements  in  the  SLR,  DORIS,  and  GPS^  systems,  and  the 
challenge  of  1  cm  orbit  determination  for  the  JASON  will  also  be  discussed. 


IMPACT  OF  INTERNATIONAL  GPS  SERVICE  FOR  GEODY¬ 
NAMICS  IN  GEODETIC  AND  GEOPHYSISCAL  APPLICA¬ 
TIONS 

J.Kouba (1),  Y.  MireauU  (1),  G.  Beutler  (2),  T.  Springer  (2)  and  G.  Gendt  (3) 
(1)  Geodetic  Survey  Div.,  NRCan,  Ottawa,  Canada,  KIA  OE9,  (2)  Astronomi¬ 
cal  Institute  of  University  of  Bern,  Bern,  Switzerland,  (3)  Department  of  Kine¬ 
matics  and  Dynamics  of  the  Earth,  GeoForschungsZentrum  (GFZ),  Potsdam, 
Germany. 

koubaCgeod.emr.ca/Fax:  [613]  995-3215 

The  International  GPS  Service  for  Geodynamics  (IGS)  was  officially  established 
by  the  International  Association  of  Geodesy  on  January  1,  1994.  Its  prime  ob¬ 
jective  is  to  provide  support  and  reference  system  for  a  wide  variety  of  scientific 
and  technical  applications  involving  GPS.  To  fulfill  its  role,  in  addition  to  the 
fundamental  products  (orbital/station  positions  and  consistent  Earth  orienta¬ 
tion  parameters)  IGS  also  generates,  or  is  about  to  generate,  additional  ref¬ 
erence  system  products  providing  the  necessary  infrastructure,  standards  and 
means  of  calibrations  for  timing  and  various  atmospheric  applications  of  GPS. 
The  generation  and  efficient  use  of  IGS  products  and  their  impact  on  a  number 
of  positioning  and  atmospheric  applications,  including  low  earth  satellites,  will 
be  reviewed  and  discussed. 
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ORBIT  QUALITY  REQUIREMENTS  FOR  SPACEBORNE  AT¬ 
MOSPHERIC  SOUNDING  USING  GNSS 
G.  Kirchengast 

Institut  fiir  Meteorologie  und  Geophysik,  Universitat  Graz,  Halbarthgasse  1, 
A-8010  Graz,  Austria. 

gottfried.kirchengastOkfunigraz.ac.at/Fax:  +43*316-380-9825 

The  Global  Navigation  Satellite  System  (GNSS,  presently  GPS/GLONASS) 
enables  active  limb  sounding  of  the  Earth’s  atmosphere  and  ionosphere  by 
placing  GNSS  receivers  into  Low  Earth  Orbits  (LEO)  and  employing  the  radio- 
occultation  technique.  This  method  bears  great  utility  for  fields  like  operational 
meteorology,  climate  monitoring,  and  space  weather,  due  to  its  potential  to 
globally  yield  profiles  of  fundamental  atmospheric  parameters  such  as  temper¬ 
ature  and  water  vapor  with  quite  unique  vertical  resolution  (1  km  or  better)  and 
accuracy  (e.g.,  temperature  <  1  K).  A  key  requirement  for  gaining  these  data 
are  high-precision  orbits  of  the  GNSS  and  LEO  satellites  involved.  Currently, 
only  rough  quality  requirement  estimates  are  used  (e.g.,  position:  <  1  m  (GNSS) 
and  <0.5  m  (LEO),  velocity;  order  of  0.1  mm/sec,  timeliness  for  operational 
use:  <3  hrs).  To  provide  more  solid  quantification,  the  impact  of  GNSS/LEO 
orbit  quality  on  the  accuracy  of  atmospheric  profiles  from  occultations  was 
studied  within  the  rigorous  framework  of  the  “End-toend  GNSS  Occultation 
Performance  Simulator”  software  tool  recently  developed  [cf.  Kirchengast  et 
a/,  abstract,  session  G9  “Atmos.  Sounding  with  GPS”].  The  results  are  pre¬ 
sented  and  discussed  with  emphasis  on  clearly  reporting  the  relevant  needs  of 
the  “GNSS  occultation”  community  to  the  “orbit  modeling”  community. 


IMPROVED  PRECISE  GPS  ORBITS  AT  JPL 

D.  C.  Jefferson,  Y.  E.  Bar-Sever,  M.  B.  Heflin,  M.  M.  Watkins,  F.  H.  Webb 
and  J.  F.  Zumberge 

Jet  Propulsion  Laboratory,  California  Institute  of  Technology,  Pasadena,  CA 
USA. 

djeffOcobra.jpl, nasa.gov/Fax:  [+1]  818-393-4965 

Since  June  1992,  the  Jet  Propulsion  Laboratory  (JPL)  has  participated  in  the 
International  GPS  Service  for  Geodynamics  (IGS),  functioning  as  the  IGS  Cen¬ 
tral  Bureau,  an  Analysis  Center,  a  Global  Network  Associate  Analysis  Center 
(GNACC),  and  a  GPS  data  distribution  center.  In  the  Analysis  Center  ca¬ 
pacity,  precise  GPS  satellite  orbit  solutions  and  earth  orientation  parameters 
are  contributed  on  a  weekly  basis.  Over  more  than  5  years,  the  accuracy  of 
the  JPL  orbit  solutions  has  improved  from  the  1-m  level  to"  the  10-cm  level. 
While  this  improvement  is  due  in  part  to  the  ever-growing  ground  network  of 
GPS  receivers,  much  of  the  increase  in  accuracy  is  attributable  to  the  usage  of 
better  analysis  techniques  (e.g.,  carrier  phase  break  insertion  to  deal  with  Anti- 
Spoofing,  AS),  geophysical  models  (e.g.,  tropospheric  gradient  estimation),  and 
dynamic  models  (e.g.,  solar  radiation  pressure  estimation).  This  presentation 
describes  methods  taken  at  JPL  to  realize  improvements  in  GPS  orbit  deter¬ 
mination,  their  impact  on  processing  resources,  and  their  influence  on  other 
estimated  geodetic  parameters.  Prospects  for  further  improved  solutions  and 
new  products  are  also  examined. 


RAPID  ORBIT  AND  ALTIMETER  PRODUCTS  FOR  ERS-2 
K.  Enninghorst  and  M.  Rentsch 

GeoForschungsZentrum  Potsdam  (GFZ),  Division  I,  D-PAF  c/o  DLR  e.V., 
OberpfafFenhofen,  D-82234  We61ing,  Germany,  Klaus.Enninghorst-5dlr.de. 

Since  July  1,  1997,  the  ERS-2  Rapid  Products  supplement  the  global  products 
which  are  operationally  generated  at  GFZ/D-PAF.  These  Rapid  Products  con¬ 
sist  of  the  RPD  (Rapid  Orbit)  and  the  ROPRs  (Rapid  Ocean  Product  Records), 
both  on  a  daily  basis  with  only  12  hours  delay. 

The  near  real-time  orbit  processing  is  possible  due  to  the  central  data  collec¬ 
tion  and  preprocessing,  and  due  to  the  continuously  stable  performance  of  the 
PRARE  (Precise  Range  and  Range  Rate  Equipment)  tracking  system  on  board 
of  ERS-2.  So,  the  RPD  is  also  a  useful  tool  to  monitor  the  PR.\RE-specific 
range  biases  and  the  daily  motion  of  the  PRARE  ground  station  Neumayer 
which  is  located  on  a  floating  ice-shelf  in  Antarctica. 

The  achieved  orbit  quality  is  of  the  order  of  10  cm  radially  and,  thus,  allows 
the  generation  of  the  ROPRs  with  almost  the  same  quality  as  the  QLOPRs 
(Quick- Look  Ocean  Product  Records).  Ongoing  improvements  in  the  quality  of 
the  ROPRs,  like  the  integration  of  daily  global  ionospheric  maps  derived  from 
GPS.  enhance  the  accuracy  in  real-time  monitoring  of  ocean  phenomena,  e.g. 
El  Nino. 


GPS-BASED  PRECISE  ORBIT  DETERMINATION  FOR  ALTI- 
METRIC  SATELLITES 

M.  Lough,  B.  Haines,  R.  Muellerschoen,  S.  Lichten  and  M.  Watkins 
Jet  Propulsion  Laboratory,  Calif.  Inst,  of  Tech.,  Pasadena,  CA  91109  USA. 
Bruce. J. HainesOjpl.nasa.gov/Fax;  [+1]  818-393-4965 

We  describe  recent  advances  in  the  determination  of  precise  orbits  for  altimet- 
ric  satellites  using  GPS  data.  The  Topex/Poseidon  (T/P)  satellite,  launched 
in  1992,  carries  a  6-channel  GPS  demonstration  receiver  (GPSDR).  Dual- 
frequency  (L1/L2)  data  from  the  GPSDR,  collected  when  the  GPS  anti¬ 
spoofing  (AS)  function  is  not  active,  have  been  used  to  compute  T/P  orbits 
with  RMS  radial  accuracies  of  2  cm.  We  describe  recent  efforts  to  further  im¬ 
prove  the  orbits  derived  from  the  L1/L2  data.  These  efforts  emphasize  reducing 
small  errors  in  the  centering  of  the  orbit  solutions  in  the  terrestrial  reference 
frame.  With  the  routine  activation  of  the  GPS  anti-spoofing  function  in  1994, 
the  GPSDR  has  collected  data  primarily  at  the  LI  frequency  only.  With  RMS 
radial  accuracies  of  4-6  cm,  next-day  orbits  based  on  these  data  have  been 
used  to  support  a  variety  of  emerging  operational  oceanographic  applications, 
most  notably  the  monitoring  of  the  1997-98  El  Nino  event.  We  present  in  this 
paper  strategies  to  improve  the  radial  accuracy  of  the  next-day  T/P  GPS(AS) 
orbits  to  the  3  cm  level  (RMS).  Finally,  we  will  include  preliminary  results  of 
GPS-based  orbit  determination  for  the  Geosat  Follow-on  (GFO)  mission,  as¬ 
suming  the  data  are  available.  Scheduled  for  launch  in  January,  1998,  GFO  will 
carry  cidvanced  8-channel  codeless  GPS  receivers.  The  GPS  data  are  expected 
to  support  2-3  cm  RMS  radial  orbit  accuracy  independent  of  AS  status. 


DERIVATIVES  OF  THE  GRAVITY  POTENTIAL  WITH  RE¬ 
SPECT  TO  RECTANGULAR  COORDINATES  AND  APPLICA¬ 
TIONS 

G.  M^tris 

Observatoire  de  la  Cote  d’Azur,  Av.  Copernic,  06130  Grasse,  France. 
netri80obs*’a2ur .  f  r 

We  have  recently  derived  very  general  formulas  expressing  the  derivatives  of 
the  potential  of  arbitrary  order  with  respect  to  rectangular  coordinates  (Metris 
et  al,  submitted  to  Celestial  Mechanics;  Metris,  poster  presentation  proposed 
for  this  session).  Each  space  derivative  has  the  form  of  a  spherical  harmonics 
expansion  similar  to  the  potential  itself.  These  formulas  have  several  applica¬ 
tions.  In  particular  for  computing  satellite  orbits  strongly  influenced  by  the 
gravity  potential,  we  propose  the  following  method  in  two  steps;  (i)  for  a  given 
potential  compute  once  the  space  derivatives  of  the  potential  up  to  a  given 
order  (e.g.  7)  at  points  distributed  in  space  (called  main  points),  (ii)  during  the 
orbit  computation,  for  a  given  point  of  the  orbit,  use  the  above  quantities  at  the 
main  point  closest  to  the  current  point  to  evaluate  the  acceleration  by  means  of 
Taylor  series  expansion.  First  tests  have  proved  that  this  method  is  reliable  and 
very  efficient  to  compute  short  arcs  (Metris,  AGU  fall  meeting  1997).  Here,  we 
propose  more  extensive  tests  to  explore  the  performances  of  this  algorithm  in 
various  conditions  (orbit,  truncation  degree  of  the  potential,  distances  between 
main  points...).  Last,  we  also  consider  other  applications  of  the  Taylor  series 
expansion  of  the  potential  like  gradiometry  or  satellite  to  satellite  tracking. 


STAR  ACCELERO.METER  IN-FLIGHT  DYNAMIC  CALIBRATION  IN  THE 
FRAME  OF  THE  CHAMP  GEODETIC  MISSION 

F.  Perosanz  and  R.  Biancale 
CNES/GRGS  Toulouse,  France 
FeIix.Perosanz@cnes.fr/Fax:  +33-5-61-253098 

The  STAR-ONERA  (France)  accelerometer  is  going  to  fly  on  the  CHAMP  German 
satellite  in  1999  with  an  unprecedented  sensitivity  of  a  few  le-9  m/s/s.  This 
instniment  is  based  on  the  measurement  of  voltages  between  couple  of  electrodes 
enclosing  a  proof-mass  in  electrostatic  suspension  at  the  center  of  gravity  of  the 
satellite.  The  observed  tensions  are  directly  proportional  to  the  surface 
accelerations  acting  on  the  satellite  in  3  directions.  At  the  altitude  of  the  considered 
missions,  below  450  km,  such  disturbing  accelerations  are  not  precisely  enough 
modelled,  while  an  accelerometer  can  observe  them  directly.  This  device  will  help 
improving  the  dynamic  of  the  orbit  and  consequently  the  recovery  of  Earth's 
gravity  field  parameters.  However  instrumental  biases  originating  in  electronics, 
thermic  and  magnetic  environment,  proof-mass  off-centering...  will  make  necessary 
an  elaborated  in-flight  dynamic  calibration  of  the  accelerometer  to  gel  its  full 
performances.  This  presentation  shows  the  strategy  and  the  results  of  the  STAR  in 
orbit  calibration  using  realistic  simulated  data  in  the  frame  of  the  CHAMP  mission. 


C356 


ECCENTRICITY  EXCITATIONS  OF  LAGEOS  AND  LAGEOS-2 

J.C.  Rics,  R.J.  Eftncs  »  •  "r  ttca  n 

Center  for  Space  Research,  University  of  Texas,  Austin  Tex^,  78712,  USA,  G. 
MOtris,  D.  Vokrouhlicky,  Observatoire  de  la  Cite  d'Azur,  06 130,  Grasse,  France 

Anomalous  eccentricity  excitations  of  the  orbits  of  LAGEOS  and  LAGEOS-2  have 
been  observed  since  launch,  with  especially  large  vmations  observed  recently  for 
LAGEOS  It  appears  that  two  phenomena  are  responsible  for  the  major  part  ot  these 
orbital  effects;  (i)  the  Yarkovsky-Schach  thermal  effect,  and  (ii)  a  smal  bias  m  the 
mean  radiation  pressure  coefficient  caused  by  the  correlation  between  solar  radiation 
pressure  and  the  Yarkovsky-Schach  effect.  The  models  for  these  surface  force  effects 
requires  knowledge  of  the  orientation  of  the  satellite  spin  axis.  The  spin  mis  of 
LAGEOS-2  is  currently  assumed  to  be  stable  and  known  with  some  precision,  but  the 
evolution  of  the  LAGEOS  spin  axis  is  uncertain.  It  can  be  shown  *at  the  vety  large 
eccentricity  anomalies  observed  in  1997  can  be  explained  by  a  si^ificant  departure  of 
the  spin  axis  from  its  predicted  motion.  It  is  concluded  that  determination  of  the 
temporal  variations  in  the  odd  zonals  and  the  odd  degree  tides  is  not  possible  m  light 
of  the  uncertainties  in  the  current  models  for  these  surface  force  effects. 


IMPACT  OF  THE  IMPROVED  GPS  ORBIT  MODEL 

T.  A.  Springer,  G.  Beutler  and  M.  Rothacher 
Astronomical  Institute,  University  of  Berne,  Bern,  Switzerland. 
apringerOaiub.unibe . ch/Fax;  [41]  31  6313869 

The  Center  for  Orbit  Determination  in  Europe  (CODE)  recently  developed  a 
new  solar  radiation  pressure  model  for  the  GPS  satellites.  This  CODE-model 
is  purely  deterministic  and  accounts  for  solar  radiation  pressure  forces  which 
ate  not  modeled  in  the  current  ROCK-models.  The  most  important  difference 
between  the  CODE-model  and  the  ROCK-model  is  a  once  per  revolution  term 
in  the  X-direction  (X-axis  is  perpendicular  to  the  Sun-satellite  and  solar  panel 
axis  directions).  The  CODE-model  is  a  large  improvement  with  respect  to  the 
existing  ROCK-models.  With  the  estimation  of  only  two  parameters,  a  (scale) 
parameter  to  account  for  the  effect  of  the  direct  solar  radiation  and  the  so- 
called  Y-bias,  a  7-day  arc  fit,  through  the  precise  CODE  ephemerides,  using  the 
RDCK-model  gives  an  RMS  of  about  70  cm.  With  the  CODE-model,  estimating 
the  same  two  parameters,  the  7-day  fit  gives  an  rms  of  about  10  cm!  'Thanks 
to  this  improvement  the  number  of  parameters,  which  have  to  be  estimated 
to  model  the  behaviour  of  the  GPS  satellites,  may  be  significantly  reduced. 
CODE  currently  uses  21  parameters  to  model  the  GPS  satellites  over  three 
days:  6  initial  condition,  5  radiation  pressure  parameters,  and  10  “pseudo¬ 
stochastic”  pulses.  We  study  which  parameters  no  longer  have  to  be  estimated 
(or  can  be  tightly  constrained)  and  the  impact  such  a  parameter  reduction  has 
on  other  estimated  parameters  like  e.g.  station  coordinates  and  Earth  rotation 
parameters. 


A  NEW  GRAVITY  FIELD  MODEL  FOR  THE  ERS  MISSIONS 
Remko  Scharroo  and  Pieter  Visser 

Delft  Institute  for  Earth-Oriented  Space  Research  (DEOS),  Delft  University  of 
Technology,  The  Netherlands. 

The  radial  orbit  error  has  long  been  the  major  error  source  in  ERS-1  altimetry, 
crippled  by  having  only  satellite  laser  ranging  for  precise  tracking.  Altimeter 
crossovers  were  successfully  introduced  as  a  tracking  data  type  and  the  Precise 
Range  And  Range-rate  Equipment  (PRARE)  provides  a  wealth  of  tracking  for 
ERS-2.  But  the  bane  in  ERS  orbit  computation  remained  the  lack  of  sufficiently 
accurate  general-purpose  gravity  field  models, 

DEOS  developed  a  tailored  gravity  field  model  DGM-E04  based  on  crossover 
differences  and  JGM-3  as  a  priori  model.  The  tailored  model  clearly  outper¬ 
forms  any  other  available  general-purpose  gravity  field  models  in  providing  ac¬ 
curate  ERS  orbits,  especially  in  the  radial  direction.  Yet,  the  SLR  and  PRARE 
tracking  residuals  clearly  leave  room  for  improvement.  Therefor,  a  new  grav¬ 
ity  field  model  is  constructed  starting  from  a  suitable  a  priori  general-purpose 
gravity  model  and  adding  observation  equations  for  SLR  and  PRARE  and 
additional  crossover  data. 

Various  statistical  tests  on  the  ERS  orbits  and  tracking  and  crossover  data 
are  analysed  to  establish  measures  for  the  orbit  accuracy.  The  overall  result 
is  that  the  ERS  orbit  accuracy  is  about  5  cm  in  radial,  and  at  the  decimetre 
level  in  cross-  and  along-track  direction.  Verification  tests  on  the  behaviour  of 
the  model  for  other  satellites  like  SPOT,  TOPEX/POSEIDON,  and  LAGEOS 
show  even  slight  improvements  for  these  satellites. 


A  Detailed  Modeling  of  the  Solar  Radiation  Pressure  Acting  on  Earth 
Satellites  of  Complex  Shape 

F.Vespe*,  R.  Devoti^,  V.  Luceri^ 

1) Agenzia  Spaziale  Italiana-Centro  di  geodesia  Spaziale  -Matera- 

2)  Telespazio  -Roma- 

3)  Telespazio-Centro  di  Geodesia  Spaziale  -Matera- 

In  the  last  few  years  the  weakening  and  deflection  of  the  solar  radiation 
through  the  atmosphere  has  been  deeply  investigated. 

The  model  proposed  combines  both  the  geometric  and  physical  causes  of 

penumbra.The  physical  effects  induced  by  the  atmosphere 

on  the  solar  radiation  are  treated  by  a  purely  empirical  approach.  The  idea  is 
to  use  the  atmospheric  data  of  extinction  and  deflection  of  the  star-light 
which  are  usually  collected  during  an  astro-photometric  calibration.  These 
data  allow  the  building  of  an  empirical  relationship  of  the  atmosphere's 
extinction  and  deflection  versus  the  height  on  the  ground. 

The  strength  of  the  approach  is  the  simple  mathematical  and  numerical 
implementation  of  the  model  and  the  possibility  to  perform,  for  every 
tracking  session,  the  astro-photometric  calibrations  so  described.  In  such  a 
way  we  could  be  able  to  know  the  optical  properties  of  the  atmosphere  all 
over  the  Earth  in  every  day  of  the  year.  The  model  is  applied  to  Earth 
satellites  of  complex  shape  like  ERS- 1  and  ERS-2  . 


PRESENT-DAY  TECTONIC  PLATE  MOTIONS  AND  CRUSTAL 
DEFORMATIONS  FROM  THE  DORIS  SPACE  SYSTEM 

T  iiiimni  Snudarin.  lean-Francois  Cr6taux,  Florence  BouilM  and  Anny  Cazenave 
LEGOS  -  GRGS/CNES,  Toulouse,  France 

DORIS  data  acquired  between  1993  January  and  1996  December  from  the  Spot-2, 
Spot-3,  and  Topex/Poseidon  satellites  have  been  analysed  to  determine  velocities  for 
45  sites  on  8  major  tectonic  plates.  For  28  sites  far  from  deformation  zones,  the 
velocity  estimates  agree  with  plate  model  predictions.  Least-squares  computation  of 
poles  of  rotation,  which  model  the  plate  motions,  shows  that  for  Eurasia,  Africa. 
Pacific  and  South  America  plates  the  agreement  is  belter  with  Nuvel-1  while  for 
Australia,  Antarctica,  Nazea  and  North  America  plates  the  DORIS  Euler  vectors  are 
closer  to  Nuvel-1  A.  In  general,  DORIS  results  do  not  differ  significantly  from  other 
space  geodetic  techniques  determinations,  but  provide  better  estimates  for  plates 
poorly  or  inhomogeneously  covered  by  GPS,  VLBI  and  SLR  networks,  such  as 
Africa.  The  DORIS  coverage  of  this  plate  allows  to  discuss  intraplate  deformations 
due  to  the  motion  of  the  eastern  Africa  part  which  constitues  the  Somalia  plate.  Sites 
located  in  deformation  zones  such  as  western  Eurasia  boundaries,  central  Asia, 
western  South  America  coast.  South  East  Asia,  show  motion  with  respect  to  their 
own  plates.  Comparisons  with  other  geodetic  measurements  for  colocated  stations,  or 
with  geodynamics  hypothesis  show  the  interest  of  DORIS  in  active  zones  where 
global  geological  models  are  not  valid. 


REGIONAL  GPS  ORBIT  DETERMINATION 


Wei  Zioing  and  Wang  Gang 

Xian  Research  Institute  of  Surveying  and  Mapping,  Xian,  China 
E-mail;  wzqxri@sein.sxgb.co.cn 

The  paper  deals  with  the  regional  GPS  orbit  determiiiation  experiments  conducted 
in  our  institute.  Two  Rogue  data  sets  collected  in  1995  rad  1996  at  four  mainland 
stations(Shanghai,  Uramqi,  Changchun  and  Lhasa),  one  island  station(Haikou)  and 
additionally  three  nearby  IGS  stations(usu3,taiw,kit3)  were  processed  usmg 
GAMIT/GLOBK.  Two  strategies  for  data  analysis  were  used.  First,  all  data  of 
eight  stations  were  jointly  processed  to  produce  the  coordinates  of  unknown 
stationsc  Urum,  Chan,  Lhas  and  Haik)  and  the  orbits  of  satellites  with  the 
coordinates  of  IGS  stations  tightly  constrained.  Second,  the  orbits  were  determmed 
using  the  data  only  from  Shanghai  IGS  station  and  four  unknown  stations  whose 
coordinates  had  been  obtained  by  first  strategy.  ... 

For  die  purpose  of  comparison  the  3-day  and  5-day  orbits  were  computed  with 
spherical  and  Berne  model  used  for  the  solar  radiation.  The  derived  orbits  were 
compared  with  IGS  precise  orbits.  The  results  showed  that  the  daily  repeatabilities 
of  station  coordinates  are  within  I  cm  for  northing  and  2  cm  for  easting  and  height, 
and  the  accuracies  of  regional  orbits  were  mostly  better  than  0.8  m.  Also  it  is 
demonstrated  that  the  3-day  orbits  were  better  5-day  ones  and  the  Berne  model  was 
better  than  spherical  one  especialy  for  5-day  arc. 


G5  Ocean  modelling  from  altimetry  and  remote 
sensing  (co-sponsored  by  OA) 

Convener:  Knudsen,  P. 

Co-Convener:  Le  Traon,  P.Y. 


NORTH  ATLANTIC  SEA  SURFACE  VARIABILITY  -  A  COM¬ 
PARISON  BETWEEN  ALTIMETRY  AND  NUMERICAL  MOD¬ 
ELLING 

M.  Baumgartner,  W.  Bosch,  J.  Bock  and  M.  Schmidt 

Deutsches  Geodatisches  Forschungsinstitut,  Abt.I,  80539  Miinchen,  Germany. 

boschCdgti.badv-muenchen.de/Fax;  [49]  89-23031-240 

More  than  four  years  of  satellite  altimeter  data  from  the  Topex/Poseidon  mis¬ 
sion  is  used  in  combination  with  the  EGM96  geoid  to  derive  a  series  of  more 
than  148  gridded  models  of  the  North  Atlantic  sea  surface  topography,  each 
one  representing  a  ten-day  mean  state.  This  series  is  used  to  constitute  a  long 
term  mean  topography  and  to  study  in  detail  the  ocean  variability  in  the  North 
Atlantic  by  means  of  harmonic  analysis  and  Empirical  Orthogonal  Functions 
(EOF). 

For  the  same  area,  resolution  and  period  of  time  corresponding  topographies 
were  derived  by  resampling  the  free  surface  heights  of  the  Parallel  Ocean  Cli¬ 
mate  Model  (POCM)  of  Semtner  Sc  Chervin  as  kindly  provided  by  Dep.  of 
Oceanography,  Naval  Postgraduate  School,  Monterey. 

The  differences  between  both  topographies,  the  altimetric  estimate  and  the 
oceanographic  model  were  analyzed  with  respect  to  both,  the  geographical  and 
temporal  distribution.  It  is  shown  how  strong  the  series  tire  correlated  and  how 
well  the  agreement  is  for  the  dominant  periodic  and  aperiodic  oscillations. 


TOPEX-POSEroON  DATA  ASSEVnLATION  IN  AN 
OCEANIC  GENERAL  CIRCULATION  MODEL  OF  THE 
TROPICAL  ATLANTIC 

S.  ARNAULT  (1)  &  E.  GREINER  (2) 

(1) :  LODYC,  UMR  121  CNRS/ORSTOM/UPMC,  Tour  14-2 
case  100, 4  place  Jussieu,  75252  Paris  Cedex  05,  France 
Email:  sa@lodyc.jussieu.fr 

(2) :  CERFACS,  ^2  avenue  G.  Coriolis,  31055  Toulouse  cedex, 
France 

Email:  greiner@cerfacs.fr 

TOPEX/Pos4idon  and  ERS-1  altimeter  sea  level  anomalies, 
eX]^ndable  BathyThermograph  temperature  profiles,  Sea 
Surface  Salinities  and  Temperatures  have  been  assimilated 
mto  a  non-linear  primitive  equation  model  of  the  tropical 
Atlantic  ocean  during  1993-1994.  The  results  are  analyzed  by 
comparison  with  reference  data  sets  such  as  the  CITHER  1 
data  set.  The  emphasis  is  on  thermal,  salinity  and  current 
structures  in  the  upper  layers  of  ^e  tropical  Atlantic. 
Analysis  of  transports  has  also  been  conducted,  especially  in 
the  North  Equatorial  CounterCurrent  area. 


APPLICATION  OF  TOPEX/POSEIDON  ALTIMETER  DATA  FOR 
CEOF  AND  ALONG-1RACK  ANALYSIS  IN  THE  EASTERN 
ATLANTIC  OCEAN  AND  WESTERN  MEDITERRANEAN  SEA 

JJ. Martinez  Beniamin.  A.Guasch,  D.  Sariflcna  and  R.  Corredor 

Dpt.  Fisica  Aplicada,  Univcrsitat  Politecnica  dc  Catalunya.  Barcelona,  Spain 

benjamincetseccpb.upc.es 

Some  global  and  regional  applications  to  mean  dynamic  topography,  ocean 
variability  and  sea-level  anomalies  are  showed  using  a  developped  software 
to  process  TOPEX/POSF.IDON  MODR  Altimeter  data. 

Complex  Empirical  Orthogonal  Functions  (CEOF)  technique  has  been 
applied  in  sea-level  anomalies  maps.  This  technique  separates  the  variance 
into  spatially  and  temporally  uncorrelated  modes  of  variability.  Amplitude 
and  pha,sc  modes  are  computed  in  the  San  Vicente  Cape  geographical  area 
(Longitude:  U-lg^W,  Utitude:  33.5-36.5»N),  The  first  mode  represents  the 
65%  of  the  total  variability.  The  greatest  values  are  associated  with  the  peaks 
of  the  variability  of  the  Sea  Surface  Height.  SSH.  The  second  mode 
represents  the  17%  of  the  total  variability,  indicating  tliat  the  area  is 
dominated  by  these  two  first  modes.  A  collincar.  along-lrack,  analysis  in  an 
a.sccnding  track  in  the  Western  Mcditertaiiean  is  made  to  show  the  influence 
on  the  SSH  caused  by  ocean  tide  components.  Inteipretation  of  spectral 
analysis  is  also  discussed. 


ASSIMILATION  OF  TOPEX  POSEIDON  AND  ERS  ALTIMETER 
DATA  FROM  1993  TO  1998  IN  THE  NORTHEAST  ATLANTIC 
P.  Bahurel  (1),  S.  Giraud  (2)  and  E.  Dombrowsky  (3) 

(1)  SHOM/CMO,  42  Av  G  Coriolis  31057  Toulouse  Cedex,  (2)  PB  Consultant, 
18  Av  de  I’Europe,  31520  Ramonville,  (3)  CLS,  8-10,  rue  Hermes,  Parc  Tech- 
nologique  du  Canal,  31526  Ramonville. 
soapesoprane.meteo.fr/Fax:  [-h33]  562  140  610 

In  the  context  of  the  SOPRANE  project,  we  have  developped  an  assimilating 
model  whose  aim  is  to  provide  real-time  operational  ocean  products  including 
analysis  and  forecast.  This  model  is  derived  from  the  SIMAN  model  (Blayo 
et  al  1994)  and  the  SOFA  optimal  interpolation  scheme  (De  Mey  1994).  This 
model  covers  the  Northeast  Atlantic  from  24°  to  54°N  and  from  35°E  to  the 
European/African  coast.  It  features  10  levels  on  the  vertical  and  a  1/10°  hori¬ 
zontal  resolution.  The  assimilation  of  altimeter  data  is  performed  through  the 
succession  of  1-week  assimilation  cycles  during  which  surface  altimeter  data 
are  assimilated  in  a  model  reduced  state  by  optimal  interpolation.  The  full 
state  correction  is  then  computed  using  the  vertical  EOF  extension  scheme 
first  introduced  by  De  Mey  and  Robinson  (1987).  A  simple  -  non  evolutive  - 
error  covariance  propagation  model  is  implemented.  We  have  assimilated  GDR 
TOPEX  POSEIDON  and  OPR  ERS  1  and  ERS  2  altimeter  data  during  the 
period  from  1993  to  1998.  The  results  obtained  in  the  Azores/Canaria  domain 
are  discussed  in  terms  of  dynamical  properties  and  seasonal  variability  of  the 
currents.  The  impact  on  the  assimilation  results  of  the  altimeter  data  processing 
which  is  performed  prior  to  the  assimilation  is  also  discussed. 


A  STUDY  OF  THE  SOUTH-EAST 
VARIABILITY  FROM  ALTIMETRIC, 
DATA. 


INDIAN  OCEAN 
WIND  AND  XBT 


E-EilBl  and  R.  Morrow  (LEGOS  -  GRGS,  14  Av.  Edouard  Belin,  31041  Toulouse 
Cedex  4.  France) 


We  investigate  the  seasonal  and  interannual  sea  level  variability  in  the  South-East 
Indian  Ocean  from  Topex/Poseidon  altimetric  data.  This  region  is  important  for 
climate  studies,  in  relation  to  the  interannual  variations  of  the  tropical  oceans  and 
atmosphere.  The  eastern  Indian  region  is  directly  affected  by  the  strong  seasonal 
monsoons.  The  Indonesian  throughflow  between  the  Pacific  and  Indian  Oceans 
provides  another  forcing.  As  a  result,  the  dynamics  of  the  south-east  Indian  ocean  are 
unique,  with  a  very  large  mesoscale  variability  off  western  Australia.  This  eastern 
boundary  is  the  likely  generating  region  for  the  westward  propagating  Rossby  waves 
observed  in  the  subtropical  band.  These  waves  affect  both  the  ocean  dynamic  height 
and  sea  surface  temperature.  In  order  to  explain  part  of  the  observed  sea  surface 
variability,  we  use  the  vorticity  equation  with  the  low-frequency  quasi-geostrophic 
assumption  to  calculate  the  sea  level  response  to  local  wind  forcing  or  remote 
forcing  from  the  eastern  boundary.  We  use  ERS- 1  scatterometry  for  the  wind 
forcing;  eastern  boundary  conditions  are  given  by  XBT  data.  First  results  indicate 
that  significant  correlation  exists  between  the  calculated  variability  and  sea  level 
variability  observed  by  T/P.  A  comparison  with  numerical  model  output  will  also 
be  discussed. 
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SATELLITE  DATA  ASSIMILATION  IN  THE  OCCAM  GLOBAL 
OCEAN  MODEL 

Alan  D.  Fox  (1),  Keith  Haines  (1)  and  Beverly  A.  de  Cuevas  (2) 

(1)  Department  of  Meteorology,  University  of  Edinburgh,  JCMB,  Kings  Build¬ 
ings,  Edinburgh,  UK.  EH9  3JZ,  (2)  Southapton  Oceanography  Centre,  Empress 
Dock,  European  Way,  Southampton,  UK.  S014  3ZH. 

A. D. Forced. ac.uk/Fax:  [44]  131  622  4269 

As  part  of  the  european  AGORA  programme  we  have  been  assimilating 
TOPEX/POSEIDON  altimeter  data  into  the  Southampton  Oceanography 
Centre’s  high  resolution  (1  ‘  x  | ,  36  level)  global  ocean  model  (OCCAM).  The 
assimilation  method  used  is  that  of  Cooper  and  Haines  (1996),  a  dynamically 
based  method  which  conserves  water  properties  on  isopycnal  surfaces. 

Results  of  a  one-year,  1993,  run  of  this  model,  driven  by  ECMWF  6-hourly 
winds  and  assimilating  10-day  mapped  TOPEX/POSEIDON  data  are  pre¬ 
sented.  These  results  are  compared  firstly  with  results  from  the  OCCAM  model 
without  altimeter  assimilation.  This  way  we  can  assess  the  impact  of  the  assim¬ 
ilation  both  on  the  mesoscale  processes  and  on  the  large-scale  exchanges  and 
transports.  Secondly,  the  simulation  is  compared  with  independent  datasets, 
particularly  hydrographic  data.  These  comparisons  concentrate  on  three  re¬ 
gions,  Tropical  Pacific,  North  Atlantic  and  the  Southern  Ocean. 

Results  of  a  method  to  improve  the  model  mean  sea  level,  particularly  in  the 
Gulf  Stream  and  Kurushio  separation  regions,  will  also  be  shown. 


THE  1996  SEA  SURFACE  HEIGHT  ANOMALY  OF  THE  NORTH 
ATLANTIC  SUBPOLAR  GYRE 
W.  Bosch  and  J.  Bock 

Deutsches  Geodatisches  Forschungsinstitut,  Abt.I,  80539  Munchen,  Germany. 
bosch6dgfi.badw-imienchen.de/Fax;  [49]  89-23031-240 
A  sea  surface  height  time  series  from  the  TOPEX/POSEIDON  altimeter  data 
as  provided  by  AVISO’S  corrected  sea  surface  heights  (CORSSH),  was  taken  to 
investigate  sea  level  anomalies  in  the  North  Atlantic.  The  period  from  1992-1996 
was  used  to  perform  a  long  term  Mean  Sea  Level  (MSL).  Comparing  this  MSL 
with  annual  and  seasonal  mean  fields  an  anomalous  sea  surface  height  feature 
could  be  significantly  identified  for  the  year  1996.  This  anomaly  becomes  in 
particular  clear,  when  periodic  variations  of  the  sea  surface  were  identified  and 
removed.  The  observed  anomaly  coincides  with  a  drastic  decrease  of  the  NAO 
in  1996.  Variations  in  sea  surface  temperature  data  (taken  from  AVHRR)  and 
sea  level  pressure  data  (from  NCAR/NCEP)  were  analysed  by  simUar  methods 
in  order  to  investigate  correlations  between  these  data  sets  and  to  study  the 
impact  of  the  inverted  barometer  correction  to  the  CORSSH. 


MESOSCALE  VARIABILITY  OF  CHLOROPHYLL  AND  SST  IN  THE 
CONFLUENCE  OF  THE  BRAZIL  AND  MALVINAS  CURRENTS  FROM 
SATELLITE  DATA. 

T.Dadou  and  V.  Gargon  (1) 

(1)  LEGOS/GRGSAJMR5566,  Toulouse, 

IsabelIe.Dadou@cnes.fr,  Veronique.Garcon@cnes.fr 

Subtropical  convergence  zones,  as  the  confluence  of  the  Brazil  and  Malvinas 
currents  in  the  southwestern  Atlantic  ocean,  are  key  areas  for  the  global  carbon 
cycle  and  climate  since  these  regions  act  as  large  sink  of  atmospheric  CO,.  This  is 
due  to  the  juxtaposition  of  the  effect  on  pCO,  of  cooling  of  the  southward  Brazil 
current  waters  with  the  effect  of  the  photosynthetic  utilization  of  CO,  in  the 
northward  flowing  Malvinas  current  waters.  This  region  is  also  a  highly  dynamic, 
energetic  and  complex  area  where  remote  sensing  data  can  be  powerful  tools  to 
investigate  variability  at  various  spatial  and  temporal  scales.  At  the  moment,  there  is 
very  little  known  about  the  variability  of  phytoplankton  distribution  and  its 
correlation  with  physical  processes. 

Our  purpose  here  is  to  analyze  the  new  colour  data  from  the  SeaWIFS  and 
POLDER  sensors  to  study  mesoscale  variability  (10-300  km)  at  a  daily  frequency. 
We  use  those  data  in  conjunction  with  other  satellite  data  like  infra-red  sea  surface 
temperature  (AVHRR).  From  first  analyses  of  preliminary  colour  data,  we  can 
observe  areas  of  complex  chlorophyll  distribution  (filaments  and  eddies)  where  the 
two  opposite  currents  meet.  We  are  using  analytical  techniques  for  the  study  of 
spatial  patterns  as  autocorrelation  function  and  principal  component  analyses  (PCA). 


MODELING  WIND-FORCED  SEASONAL-TO-INTERANNUAL 
VARIABLILITY  OF  SEA  SURFACE  HEIGHT  IN  THE  NORTH 
PACIFIC 

David  Darr  (1),  LuAnne  Thompson  (1),  Kathryn  A.  Kelly  (2)  and  Frederic 
Vivier  (2) 

(1)  School  of  Oceanography,  Box  3.57940,  University  of  Washington,  Seattle 
W.A.  98195  USA,  (2)  Applied  Physics  Laboratory,  University  of  Washington, 
Seattle  WA.  98195  USA. 

The  TOPEX/POSEIDON  sea  surface  height  data  show  a  temporally  and  spa¬ 
tially  varying  response  to  wind-forcing  in  the  North  Pacific  that  appears  to  be  a 
combination  of  freely  propagating  and  forced  Rossby  waves.  An  isopycnal  ocean 
model  is  used  to  investigate  the  role  of  the  wind,  stratification  and  topography 
in  governing  SSH  fluctuations.  The  model  is  forced  by  seasonally  varying  winds; 
both  with  and  without  bottom  topography.  The  spatial  structure  of  the  wave 
response  is  sensitive  to  the  stratification  as  it  influences  the  phase  speed  of  the 
first-mode  baroclinic  Rossby  waves.  The  topography  has  little  influence  on  the 
wind-response  south  of  30N,  where  the  first  baroclinic  mode  appears  to  domi¬ 
nate  SSH  variations  in  the  observations.  North  of  30N  the  barotropic  mode  is 
important,  hence  the  topgraphy  influences  the  solution.  As  in  the  observations, 
the  model  shows  a  seasonal  modulation  in  SSH  variability  at  mid-latitudes  but 
not  in  the  tropics,  suggesting  that  local  winds  are  important  for  forcing  the 
wave  response.  In  the  model  and  the  observations  the  SSH  variability  is  larger 
in  the  western  Pacific  at  mid-latitudes  than  in  the  eastern  Pacific. 


EVALUATING  SOUTHERN  OCEAN  RESPONSE  TO  WIND 

FORCING 

S.  T.  Gille 

School  of  Environmental  Sciences,  University  of  East  Anglia,  Norwich  NR4 
7TJ,  England. 

s.gilleeuea'.as'.uk/Fax:  [44]  1603  507719 

W’inds  over  the  Southern  Ocean  are  among  the  strongest  in  the  world,  but 
the  magnitude  and  variability  of  these  winds  is  not  well  known.  Because  of 
the  paucity  of  in  situ  measurements.  Southern  Ocean  wind  fields  derived  from 
numerical  models  have  been  notoriously  suspect.  New  satellite  wind  measure¬ 
ments  provide  a  more  accurate  means  to  estimate  changes  in  wind  forcing 
of  the  Antarctic  Circumpolar  Current.  In  this  study,  temporal  variatfons  in 
winds  derived  from  the  ERS  scatterometers,  from  SSMl,  and  from  the  ECMWF 
forecast  model  are  correlated  with  variability  in  Southern  Ocean  pressure  and 
transport  derived  from  the  UK  bottom  pressure  recorders  in  Drake  . 

Winds  and  bottom  pressure  measurements  both  show  substantial  variability 
on  all  resolved  time  scales.  To  extend  the  spatial  coverage  of  the  study,  the 
winds  are  also  compared  with  surface  transport  estimates  reconstructed  from 
Topex/Poseidon  altimeter  measurements.  Finally  the  response  of  the  ocean  to 
wind  fluctuations  in  data  is  compared  with  analogous  quantities  from  ocean 
general  circulation  models. 


THIRD-ORDER  STATISTICAL  CHARACTERISTICS  OF  WAVE 
FORMS  IN  RADAR  REMOTE  SENSING  OF  SEA  SURFACE 

M.A.Gilraan 

Institute  for  Problems  in  Mechanics,  Pr.  Vernadskogo  101-1,  Moscow  117526 
Russia. 

gilmanbipnmet .  ru/Fax;  [7-095]  938-2048 

The  problem  of  reconstruction  of  ripple  energy  distribution  over  large  areas 
of  sea  surface  from  radar  measurements  is  considered.  The  importance  of  the 
problem  lies  in  the  fact  that  the  small-scale  surface  oscillations  are  sensible  to 
weak  surface  flows,  which,  in  turn,  may  reveal  the  nature  of  large-scale  processes 
taking  place  in  the  sea  depth. 

The  investigation  of  statistical  properties  of  backscattering  was  performed  by 
numerical  simulation.  An  ensemble  of  wavy  surfaces  simulating  sea-way  process 
gives  rise  to  an  ensemble  of  corresponding  backscattering  amplitudes,  and  the 
statistical  characteristics  of  the  two  ensembles  are  considered.  It  is  found  that 
the  sea-way  spectral  energy  distribution,  taken  alone,  does  not  provide  enough 
essential  characteristics  to  describe  statistical  properties  of  backscattering.  New 
quantitative  characteristics  of  skewness  of  wave  peaks,  ripple  localization  etc. 
are  based  on  bispectrum  —  third  order  statistics  of  the  surface  elevation. 

The  results  show  that  it  is  the  small-scale  wave  form  peculiarities  that  may 
account  for  some  fine  backscattering  properties,  e.g.  upwind-downwind  asym¬ 
metry.  Thus  the  large-scale  waves  may  be  treated  as  independent,  whereas  the 
nonlinear  consideration  for  small  scales  is  necessary.  The  possible  improvement 
of  existing  statistical  model  of  sea  surface  is  discussed. 
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ALTIMETER-BASED  REFINEMENT  OF  TURBULENT  DIFFUSION 
COEFFICIENTS 

Roman  E.  Glazman,  JPL,  Pasadena 
reg@pacific.jpl.nasa. gov/818-393-6720 

One  of  major  factors  responsible  for  ocean  transport  of 
heat,  salt,  and  bio-geochemical  quantities  is  the 
horizontal  turbulent  diffusion  caused  by  "sub-grid" 
variations  of  ocean  ciurrent  velocity.  Using  a  recently 
developed  technique  of  altimeter  data  analysis, 
statistical  characteristics  of  the  slow,  i.e.  vortical 
coirponent  of  ocean  dynamics  can  be  derived  from  the  sea 
surface  height  (SSH)  field.  Vortical  motions  axe 
responsible  for  horizontal  turbulent  diffusion  on  large 
scales,  euid  Richardson- type  relationships  allow 
expressing  the  diffusion  coefficient  in  terms  of  energy 
and  enstrophy  spectral  fluxes  in  2D  turbulent  cascades. 
We  demonstrate  how  these  fluxes  can  be  estimated  and  the 
coefficients  of  horizontal  turbulent  diffusion  refined 
based  on  appropriate  statistical  characteristics  of  SSH 
variations . 


VELOCITY  AND  TRANSPORT  OF  THE  LABRADOR  CUR¬ 
RENT  DETERMINED  FROM  ALTIMETRIC  AND  HYDRO- 
GRAPHIC  DATA 

G.  Han  and  C.  L.  Tang 

Coastal  Ocean  Sciences,  Fisheries  and  Oceans  Canada,  Bedford  Institute  of 
Oceanography,  Dartmouth,  Nova  Scotia,  B2Y  4A2,  Canada. 

TOPEX/POSEIDON  altimeter  data  from  1992  to  1996,  in  conjunction  with 
hydrographic  and  meteorological  data,  are  analyzed  to  examine  currents  and 
transports  in  the  Labrador  Sea,  with  an  emphasis  on  seasonal  variability  of  the 
Labrador  Current.  Based  on  the  linearized  momentum  equations,  vertically 
integrated  velocities  and  transports  on  selected  sections  across  the  Labrador 
Sea  are  computed.  The  seasonal  range  of  the  Labrador  Current  transport  from 
the  shelf  break  to  the  2500-m  isobath  varies  from  17  Sv  at  the  Nain  section,  to 
6.5  Sv  at  the  Hamilton  Bank  section  and  5  Sv  at  the  northern  Newfoundland 
section  with  maximum  in  winter  and  fall  and  minimum  in  spring.  Horizontal 
density  gradient  and  sea  surface  slope  have  comparable  contributions  to  the 
seasonal  variability.  In  comparison,  the  contribution  of  the  Ekman  transport 
forced  by  local  wind  stress  is  much  smaller.  Except  for  the  Nain  section,  the 
seasonal  variability  in  the  lower  continental  slope  is  weaker  than  that  over 
the  shelf  break  and  upper  slope.  An  exploratory  study  of  the  absolute  mean 
transport  of  the  Labrador  Sea  is  carried  out  using  available  geoid  data.  A 
mean  transport  of  23  Sv  in  the  Labrador  Current  (shoreward  of  the  2o00-m 
isobath)  and  a  basin-scale  transport  of  50  Sv  in  the  Labrador  Sea  are  obtained, 
consistent  with  Reynald  et  al.’s  (1995)  results. 


SYNTHETIC  GEOID  FOR  MESOSCALE  STUDIES  OF  THE  AZORES 
CURRENT 

F.  Hernandez  (1),  A.  Tychensky  (2) 

(1)  CLS/Space  Oceanography  Div.,  Ramonville,  France.  (2)  SHOM/CMO, 
GRGS/BRESM,  Toulouse,  France. 
hemandez@cls.cnes.fr/Fax  :+33  561  751  014 

The  SEMAPHORE-93  mesoscale  air/sea  experiment  took  place  in  the  Azores 
front/current  domain  from  June  to  December  93.  About  40  ARGOS-tracked 
surface  drifters,  drogued  at  150  m  depth  were  deployed  and  three  hydrological 
arrays  were  performed.  Moreover,  ERS-1  and  TOPEX/POSEIDON  (T/P)  were 
flying  at  that  time.  The  altimetric  data  were  processed  using  the  collinear  passes 
method,  as  part  of  the  CANIGO  project.  They  are  in  excellent  agreement  with  in- 
situ  measurements.  The  comparisons  with  dynamic  height  fields  objectively 
mapped  from  XBT/CTD  casts  show  4-5  cm  rms  differences.  Also,  comparisons 
with  drifter  velocities  close  to  the  satellite  ground  tracks  exhibit  7-9  cm/s  rms 
differences.  But  because  of  the  lack  of  a  precise  geoid  the  total  ocean  circulation 
cannot  be  inferred  from  satellite  altimetry.  Thus,  SEMAPHORE  data  ate  combined 
by  multivariate  objective  analysis  to  provide  maps  of  the  surface  circulation.  Then, 
over  6  months,  the  differences  between  altimetric  and  in-situ  maps  are  used  to 
build  a  synthetic  geoid  in  the  area.  Based  on  this  reference  field,  the  Azores  current 
circulation  is  monitored  from  1992  to  1997  using  ERS-1,  ERS-2  and  T/P  data. 


RESIDUAL  ERRORS  IN  DUAL-SATELLITE  CROSSOVER  ALTIMETRY 
DATA:  AN  INDEPENDENT  CHECK 

J.  Klokoinik  (11.  C.A.  Wagner  (2),  J.  Kostelecky  (3),  M.  Rentsch  (4) 

(1)  Astronora.  Inst.  Acad.  Sci.,  CZ-251  65  Ondfejov,  Czech  Republic,  jkloko- 
cn@asu,cas.cz,  (2)  NOAA  1305  East-West  Highway,  Silver  Spring,  Md  20910, 
USA,  (3)  Res.  Inst,  of  Geodesy,  CZ-250  66  Zdiby,  (4)  GeoForschungsZentrum 
Potsdam  [GFZ],  Division  1,  D-PAF  c/o  DLR  e. V.,  D-82234  WeDling,  Germany 

Typical  lifetime  of  an  altimetry  mission  is  five  years.  Dual-Satellite  Crossovers 
(DSCs)  have  been  recognize  as  a  useful  tool  to  interconnect  two  or  more  altimetry 
missions  to  provide  oceanographers  by  long-term  series  in  a  unified  system  with 
the  same  "geodetic  constants"  to  avoid  any  misinterpretation  of  the  data.  One 
obstacle  to  create  such  series  comes  from  different  realization  of  geocenter  of 
various  altimetry  orbits.  It  was  revealed  by  means  of  the  DSCs,  using  the  JGM~2 
and  JGM~3-based  orbits  (with  up-to-date  environmental,  empirical  and  other 
altimetry  correetions)  that  there  is  statistieally  significant  geocenter  offset  between 
Geosat  and  T/P.  We  ean  provide  oceanographers  by  corrected  DSCs  of  Geosat  - 
T/P  for  1986-1996.  To  increase  confidence  in  our  results,  we  performed  various 
tests,  ineluding  use  of  specifie  combinations  of  the  DSCs.  The  formulae  and 
method  have  been  worked  out  in  Ondfejov  and  tested  with  data  from  Silver 
Spring.  Recently,  GFZ  has  been  asked  for  a  check.  The  DSC  long-term  averaged 
residuals  and  their  combinations  were  computed  independently  in  GFZ,  Ober- 
pfaffenhofen  and  compared  to  results  from  NOAA,  Silver  Spring.  The  DSC 
residuals  are  a  composite  of  non-perfect  media,  1  cpr  empirical,  tidal  and  other 
corrections.  These  effects  are  estimated  by  a  new  diagnostic  method  (developed  in 
Ondfejov)  based  on  the  DSC  combinations. 


An  Integrated  system  for  handling,  analysis  and  visualization  of  ocean  data 
Thomas  Knudsen, 

KMS,  Geodetic  Division,  8  Rentemestervej,  DK-2400  Copenhagen  NV 
thk@kms.min.dk  ’ 

"Busstop",  an  integrated  system  for  handling,  analysis  and  visualization  of  ocean  data, 
is  presented.  Busstop  integrates  functionality  typically  found  in  Geographical 
Information  Systems  (GIS),  image  processing  systems  and  data  base  management 
systems,  and  provides  a  smooth  interface  to  user  written  programs.  The  traditional 
spatial  GIS  functionality  has  been  extended  with  transparent  support  for  temporal  data 
as  well,  enabling  the  GIS  functionality  to  work  even  as  a  tool  for  analysis  of  dynamic 
phenomena.  The  Busstop  data  model  integrates  point  data  and  grid  data  in  a  more 
general  model,  which  is  useful  for  combining  satellite  altimetry  with  ancillary  data  on 
gridded  form.  The  visualization  subsystem,  called  Reveal,  provides  functionality  for 
static  and  animated  visualization  of  gridded  data,  and  combined  views  of  gridded  and 
point  data.  Additional  analytical  and  data  handling  functionality  is  currently  being 
developed.  Proof-of-concept  sntdies,  carried  out  using  the  PC  based  prototype  version 
of  Busstop,  has  included  shidies  involving  combination  of  satellite  altimetry  with 
atmospheric  model  data,  sea  surface  temperature  data,  gravimetry  and  airborne 
altimetry.  Additionally,  the  system  has  been  used  for  explorative  visualization  in  case 
studies  involving  SAR  scenes,  and  output  from  an  ocean  tide  model.  Busstop  has 
shown  very  useful  as  an  integrated  and  integrative  platform  for  multidisciplinary  ocean 
studies. 


HIGH  RESOLUTION  MEAN  SEA  SURFAES  FROM  MULTI  MISSION 
SATELLITE  ALTIMETRY 

Per  Knudsen  (Kort  &  Matrikelstyrelsen,  Rentemestervej  8, 

2400  Copenhagen  NV.  Denmark,  E-mail:  pk@kms.min.dk) 

Satellite  altimetry  from  the  GEOSAT  and  the  ERS-I  geodetic  missions  provide 
altimeter  data  with  a  very  dense  coverage.  Hence,  the  height  of  the  sea  surface  may  be 
recovered  very  detailed.  Satellite  altimetry  from  the  35  days  repeat  cycle  mission  of 
the  ERS  satellites  and.  especially,  from  the  10  days  repeat  cycle  TOPEX/POSEIDON 
satellite  mission  provide  accurate  mean  sea  surface  heights  along  the  ground  tracks  of 
those  missions.  In  this  study  averaged  sea  surface  heights  of  the  repeat  missions  were 
used  to  construct  an  accurate  mean  sea  surface.  To  enhance  the  resolution  of  the  mean 
seasurface  the  altimetry  from  the  geodetic  missions  was  utilized.  Marine  geoid  heights 
derived  from  the  altimetric  gravity  was  used  for  this  task.  The  advantage  of  such  a 
procedure  is  that  inconcistences  along  the  edges  of  the  small  cells  may  be  avoided.The 
TOPEX/POSEIDON  mean  sea  surface  heights  relative  to  the  mean  heights  over  50  km 
are  fitted  by  2  cm  and  the  slopes  fit  within  a  few  mm  per  km. 
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GENERAL  INVERSE  OF  A  SHELF  TIDE  MODEL:  APPLICA¬ 
TION  TO  THE  Ma  TIDE  IN  THE  BARENTS  SEA 
A.  L.  Kurapov,  and  G.  A.  Kivman 

P.P.  Shirshov  Institute  of  Oceanology,  St-Petersburg  Branch,  Russian  Academy 
of  Sciences,  Russia,  199053. 

When  the  general  inversion  is  used  to  assimilate  data  into  a  model  of  a  closed 
basin,  a  solution  minimizes  a  weighted  sum  of  square  misfits  in  dynamic  equa¬ 
tions,  the  data,  and  a  boundary  condition  at  the  coast.  However,  if  the  problem 
is  solved  for  a  shelf  region,  there  is  usually  lack  of  quantitative  information 
about  the  tides  at  an  open  boundary.-  Thus,  to  make  the  problem  well-posed, 
we  augment  the  cost  functional  with  a  regularizing  term  which  penalizes  large 
surface  elevation  at  the  open  boundary.  Then  the  science  lies  in  the  specifica¬ 
tion  of  the  relative  weights  for  different  terms  in  the  functional.  Following  our 
procedure,  optimal  weights  for  the  data  and  the  coastal  boundary  condition 
misfits  would  give  a  maximum  to  the  sum  of  those  terms  (which  reflect  quan¬ 
titative  information).  The  weight  for  the  regularizer  (qualitative  information) 
would  be  taken  the  biggest  at  which  the  solution  is  still  not  sensitive  to  its 
choice.  The  technique  was  used  with  a  finite  element  model  for  the  M2  tide 
in  the  Barents  Sea  where  in-situ  and  satellite  altimetry  data  were  both  avail¬ 
able.  Although  no  boundary  condition  was  assigned  at  the  open  boundary  (for 
instance,  taken  from  a  global  model),  the  rms  deviation  of  the  solution  from 
surface  elevation  data  not  assimilated  into  the  model  was  4.4  cm  which  is  much 
better  then  results  obtained  with  other  models. 


LARGE  SCALE  SEASONAL  VARIATIONS  OF  ATLANTIC  OCEAN  BY 
COMBINING  ALTIMETRIC  AND  HYDROGRAPHIC  DATA  IN  AN 
INVERSE  MODEL. 

G.  LamicoL  P.Y.  Le  Traon  (C.L.S/Space  Oceanography  Div,  Ramonville, 
France),  H.  Merder,  (LPO/CNRS,  IFREMER,  BREST) 

An  attempt  is  made  to  observe  the  response  of  Atlantic  ocean  from 
seasonal  atmospheric  forcing  using  an  non-linear  inverse  model 
(Merder,  1992).  3  years  of  Topex-Poseidon  GDR  (T/P,  cycles  11  to  121), 
wind  stress  (ECWMF),  and  net  heat  flux  (ECWMF,  COADS)  were 
combined  with  a  new  climatology  built  from  NODC  data  (Reynaud, 
1995).  Inverse  formalism  allow  us  to  ajust  the  velodties  at  the  reference 
level,  and  the  density  field.  Particular  effort  is  made  on  heat 
conservation  constraint  where  evolution  terms  (deduced  from 
hydrograhpy,  but  also  from  altimetry)  were  added.  A  posteriori 
solutions  give  a  good  picture  of  the  Atlantic  general  circulation  between 
20®S  and  bO^’N.  Heat  conservation  constraint  has  a  strong  impact  in 
depth,  implying  seasonal  variability  of  DWBC.  Then,  intensifcation  of 
meridionnal  overturning  is  find  to  bring  heat  from  equator  to  northern 
latitudes  during  winter.  Altimetric  constraint  is  not  useful  when  absolute 
dynamic  topography  deduced  from  T/P  and  EGM%  geoid  is  employed 
due  to  large  errors  in  the  geoid.  Nevertheless,  results  with  T/P  sea  level 
anomaly  using  in  the  model  as  a  constraint  on  the  anomaly  of  the  surface 
dynamic  topography  are  satisfying.  Results,  first  demontrate  consistency 
between  seasonal  anomaly  of  hydrography  and  altimetry  data,  and 
secondly,  show  that  altimetric  information  is  able  to  constrain  surface 
circulation,  espedaly  in  tropics. 


The  Diagnostic  Analysis  of  Barociinie  Ocean  Dynamics  by  Satellite  Altimetry 
Data. 

Sergey.  A.  Lebedev 

Geophysical  Center  of  Russian  Academy  of  Sciences,  Molodezhnaya  3,  117296, 
MoscowRussia.Pmedv@wdcb.nsi.ru 

The  diagnostic  analysis  of  ocean  dynamics  by  satellite  altimetry  data  may  give 
complete  hydrodynamical  picture  on  that  time  moment,  when  appropriate 
measurements  were  made.  The  fint  valuation  of  barocitnic  ocean  dynamic  structure 
can  become  definition  barotropic  (average  on  depth)  mode  of  speed  field,  designed 
through  integrated  stream  function  on  the  basis  of  satellite  information.  As  an  initial 
system  of  offered  model  equations  are  considered  equations  of  ocean  dynamics  in 
quasigeostophic  approximation.  The  boundary  condition  on  surface  for  vertical  mode 
of  speed  fields  is  replaced  by  "firm  cover”  condition,  and  a  condition  of  sliding 
without  friction  is  at  ^e  bottom  taken.  For  processing  of  satellite  altimetry  data,  when 
the  density  field  on  whole  ocean  height  is  not  known,  is  offered  to  search  integrated 
stream  function  as  anomalies  from  mean  (mean  season)  significance.  By  virtue  of  it  is 
possible  to  make  the  assumption  that  the  changes  of  barociinie  layer  thickness  (in 
which  are  concentrated  main  density  changes,  and  the  which  thickness  is  small  in 
comparison  with  depth  of  ocean)  are  insignificant  In  the  first  approach  it  is  possible 
to  consider,  that  the  density  anomaly  concerning  mean  signiHcance  on  a  linearly 
change  by  vertical  from  surface  significance  to  zero  on  the  barociinie  layer  bottom 
border.  The  account  of  dynamic  topography  on  satellite  altimetry  data  is  carried 
conducted  on  mean  sea  surface  field  and  geoid  height  The  model  verification  was 
conducted  on  independent  data:  satellite  altimetry  (ERM  mission  CEOSAT)  and 
hydrological  data  (experiment  NEWFAEXP-88  the  program  SECTIONS)  for  polygon 
Newfoundland  Ocean  Energy  .‘Active  Zone  in  march  1988.  In  the  first  numerical 
experiment  of  dynamic  topography  anomaly  was  designed  by  hydrological  data  and 
simulated  by  self  of  satellite  altimetry  processing  results.  In  the  second  initial 
infomiation  was  considered  directly  by  remote  data  from  GEOSAT  board.  The  mean 
fields  of  dynamic  topography  and  integrated  stream  function  were  determined  by 
known  data  file  LEVITUS.  The  results  analysis  has  shown,  that  integrated  stream 
function  fields  and  barotropic  speed  mode,  received  in  result  of  imitation  experiment, 
will  be  well  agreed  results  of  diagnostic  accounts  by  density  field.  Thus,  the  offered 
model  may  with  sufficient  accuracy  to  define  barotropic  speed  mode  of  barociinie 
ocean  by  satellite  altimetry  data. 


SEASONAL  TIDE  VARIATIONS  AND  SHALLOW  WATER 
TIDES  FROM  TIDE  GAUGES  AND  ALTIMETRY 
Olwijn  Leeuwenburgh  (1),  Ole  Andersen  (2)  and  Vibeke  Huess  (3) 

(1)  Kort'Og  Matrikelstyrelsen,,  Rentemestervej  8,  2400  Copenhagen  NV,  Den¬ 
mark,  (2)  University  of  Tasmania,  Hobart,  Tas.  7001.,  Australia.  (3)  Danish 
Meteorological  Institute,  Lyngbyvej  100,  2100  Copenhagen  OE,  Denmark. 
olOkms .  min .  dk ,  oaCkms .  min .  dk ,  vhCdmi .  min .  dk 

TOPEX/Poseidon  altimetry  has  during  recent  years  greatly  improved  our 
knowledge  of  ocean  tides.  A  remaining  problem  in  ocean  modelling,  however, 
arises  from  the  contributions  of  meteorological  forcing,  nonlinear  coupling  with 
storm  surges  and  ocean  circulation,  and  internal  tides.  Here  we  investigate  the 
temporal  variation  of  tidal  solutions  at  tide  gauges  and  as  observed  by  altime¬ 
try,  and  try  to  identify  its  possible  relation  to  the  above  effects, 
nother  challenge  is  to  improve  our  models  near  coastal  boundaries,  where  many 
existing  T/P-based  ocean  tide  models  are  inadequate  due  to  the  coarse  spatial 
sampling  and  the  additional  presence  of  significant  third-  and  fourth-diurnal 
constituents. 

In  a  initial  investigation  for  the  North  Sea,  it  was  recently  shown  that  T/P  has 
the  potential  of  improving  our  knowledge  of  even  these  near-boundary  tides, 
such  as  M4.  which  may  be  as  large  as  20  cm.  In  this  presentation  we  will  extend 
our  efforts  in  this  area. 

Additionally,  we  look  at  the  potential  of  adding  data  from  the  ERS  mission  to 
further  improve  our  altimetry-based  results. 


BIO-OPTICAL  EMPIRICAL  MODELS  OF  THE  WATERS  ADJACENT  TO 
TAIWAN 

Hsien-Wen  Li.  Nan- Jung  Kuo,  Chung-Ru  Ho,  Wei-Peng  Tsai, 
Department  of  Oceanography,  National  Taiwan  Ocean  University,  Keelung,  Taiwan 
e-mail:  lihw@sun4.oce.ntou.edu. tw  Fax:  886-2-463-1597 

Chen-Te  Chen 

Department  of  Fishery  Science,  National  Taiwan  Ocean  University,  Keelung, 
Taiwan 


Optica)  properties  of  seawater  in  the  waters  adjacent  to  Taiwan  area  were  measured 
by  underwater  spectroradiometer  during  four  cruises  from  December  1996  to  March 
1997.  Water  samples  were  collected  at  the  same  time  and  analyzed  for  ch)orophyll-a 
concentrations.  Parts  of  the  existing  bio-oplical  models  from  ScaWiFS  Bio-Optical 
Algorithm  Mini-Workshop  (SeaBAM)  shown  in  Table  I  are  used  in  this  study. 


POLDER  ON  ADEOS:  a  new  Ocean  Color  dataset  to  coMetNE  wrm 

AtTINETRT 

A.Lifermannd).  P.Y.Desehamps  (2).  A.Bricaod  (3),  V.Gareon  (4),  1.  Dadou  (4) 

(I)  Centre  National  d'Etudes  Spatiales,  Toulouse,  France 
<2)  Laboratoire  d'Optique  Atmosphirique,  Lille 

(3)  Labor^ire  de  Physique  et  Chimie  Marines,  Villeiranche. 

(4)  Croupe  de  Recherche  en  Ceodesie  Spatiale,  Toulouse, 

With  OCTS  and  POLDER  the  ADEOS  mission  is  the  first  of  a  series  of  upcoming 
missions  providing  global  Ocean  Color  datasets  (SeaWIFS,  EOS/MODIS,  ADEOS2 
with  GLl  &  POLDER2).  The  POLDER  (POLarisation  and  Directionality  of  the 
Earth's  Reflectances)  sensor  is  an  imaging  radiometer-polarimeter  designed  to 
measure  the  solar  visible  and  near  infrared  radiation  reflected  by  the 
Earth/atmosphere  system.  In  addition  to  the  classical  measurements  and  mapping 
capabilities  of  a  narrowband  multispectral  imaging  radiometer,  the  POLDER 
concept  has  original  polarization  and  directional  capabilities  which  open  new 
perspectives  for  sensor  calibration,  glitter  rejection,  atmospheric  corrections  and 
inversion  of  pigment  concentration.  Data  have  been  acquired  since  October  30. 
1996  till  ADEOS  loss  on  June  30,  1997.  The  calibration  phase  has  been  completed 
in  May  97.  The  geophysical  validation  phase  is  ongoing,  based  on  a  dual  strategy 
combining  statistical  approach  and  enhancement  of  in  situ  (atmospheric  and 
oceanic)  measurements  networks. 

Global  results  of  POLDER  marine  parameters  products  and  comparison  with 
historical  CZCS  data  will  be  presented.  Potential  applications  in  global 
biogeochemteat  studies  include  :  i)  the  provision  of  synoptic  fields  of  chlorophyll 
concentration  to  compare  against  the  field  derived  from  coupled,  ocean-ecosystem 
models,  -a  comparison  with  a  3D  modelling  study  in  the  North  Atlantic  will  be 
shown-  or  to  use  for  assimilating  and/or  initializing  such  models,  ii)  a  basis  for  the 
computation  of  regional  and  basin  scale  estimates  of  primary  production  and  iii)  a 
generic  vehicle  for  the  extrapolation  to  large  horizontal  scale  of  small  numbers  of  in 
situ  discrete  observations  of  various  ecophysiological  rates  and  pools.  Correlation 
analysis  with  altimetry  data  will  be  illustrated  in  two  subtropical  gyres  frontal  zones, 
namely  the  Brazilian-Falklands  Confluence  zone  and  South  African  Convergence 
rtone. 
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A  variational  assimilation  model  for  the  barotropic  tides  In  a  global  ocean: 
principles  and  application  to  the  long  period  tides 

F.  H.  Lvard  OA/G5 
LEGOS/GRGS 

Email:  lyard@pontos,cst.cnes.fr 

The  CEFMO  model  (Finite  Elements  Code  for  the  Oceanic  Tides)  has  been 
developed  to  produce  hi^  resolution  solutions  over  the  world  ocean.  In  addition,  an 
assimilation  code  has  been  developed  to  improve  the  solution  accuracy  by 
assimilating  in  situ  and  altimetric  observations.  It  is  based  on  a  general  inverse 
approach  using  the  representers  technique.  One  main  characteristic  of  our 
assimilation  approach  is  to  formalize  it  as  a  continuous  (i.e.  not  discretized) 
problem,  leading  to  a  pair  of  linear  systems  to  be  solved  (adjoint  and  direct). 
Similarly  to  the  hydrodynamic  problem,  they  are  treated  under  their  variational 
formulation.  First  designed  to  solve  the  tidal  problem  on  ocean  basins,  the 
hydrodynamic  and  assimilation  models  have  been  upgraded  to  produce  global 
solutions  where  the  inter-basin  constraints  are  totally  removed.  A  preliminary  set  of 
solutions  for  the  main  long  period  tides  have  been  computed  and  validated.  Our 
solutions  show  a  very  complex  spatial  distribution  due  to  large  wavelengths 
combined  with  small  slractures  coming  from  the  trapping  of  the  tidal  waves  by  the 
topography.  The  set  of  reliable  observations,  to  be  used  in  the  assimilation,  shows  a 
poor  density  compared  to  the  richness  of  the  modelled  spatial  scales.  Nevertheless, 
this  application  is  an  ideal  test  case  to  evaluate  the  robustness  and  the  effectiveness 
of  our  modelling  and  assimilation  approach. 

LONG  TERM  MONITORING  OF  THE  OCEANIC  PRIMARY 
PRODUCTION  SOUTH  OF  SOUTH  AFRICA  :  USE  OF  THE  REMOTELY 
SENSED  DATA 

E.  Machu  (1),  and  V.  Gar;on  (1) 

(1)  LEGOS/  UMR5566/GRGS,  Toulouse,  France 
email :  machu@pontos.cst.cnes.ff  /  fax  :  33  S  61  25  32  05 

In  order  to  better  constrain  the  carbon  fluxes  in  the  southern  ocean,  the  role  of 
mesoscale  eddies  in  biological  production  has  to  be  elucidated  in  the  large  sink  areas 
of  the  subtropical  convergence  zones.  Causes  of  the  variability  of  the  phytoplankton 
distribution  in  relation  to  the  forcing  induced  by  the  physical  environment  are  studied 
in  the  eastern  boundary  current  system  of  the  South  Atlantic  ocean.  The  area  of 
interest  is  the  Agulhas  current  and  its  retroflection  aiong  with  the  upwelling  area  of 
the  Benguela  current.  Remotely  sensed  data  from  POLDER  and  SeaWiFS  for  ocean 
colour  are  used  in  conjunction  with  other  remote  sensing  data  (SST,  dynamical 
heights,  surface  winds)  in  the  Agulhas/Benguela  region.  Standard  statistical  data 
analyses  such  as  PCA  and  wavelets  are  applied  to  determine  the  nature  of  the 
temporal  and  spatial  variability.  As  expected,  phytoplankton  variability  shows 
correlation  with  the  SST  variability  at  the  mesoscale.  Correlation  of  ocean  colour 
with  altimeter  data  helps  us  reveal  the  underlying  dynamicai  nature  of  the  region.  In 
the  subtropical  convergence  (STC),  a  strong  thermal  gradient  and  an  extended  frontal 
area,  created  both  by  meandering  Rossby  wave  of  the  ARC  and  eddies  spawned  at 
the  STC  lead  to  an  increase  of  primary  production.  This  enhancement  occurs  on  a 
large  oceanic  area  and  then  is  of  great  importance  in  carbon  fluxes  estimation. 


INTERANNUAL  VARIABILITY  IN  THE  EASTERN  INDIAN  OCEAN 
R  Morrow ,  LEGOS 

LEGOS-UMR5566(CNRS/CNES/UPS)-GRGS,  14  Ave.  Edouard  Belin, 
31041  Toulouse  Cedex  4,  France.  Rosemaiy.Morrow@cnes.fr,  05.61.25.32.05 

Interannual  variability  in  the  eastern  Indian  Ocean  is  investigated  with 
the  aid  of  Topex/Poseidon  data,  Reynolds  SST  data  and  a  10-year, 
monthly  repeated  XBT  transect  at  the  eastern  boundary.  The  interannual 
variability  in  this  region  is  influenced  by  local  and  remote  wind  forcing, 
and  by  the  remote  ocean  forcing  via  the  Indonesian  Throughflow  which 
allows  interannual  variations  in  the  western  Pacific  to  directly  influence 
the  eastern  Indian  Ocean.  In  addition,  the  south-eastern  boundary  includes 
the  source  of  the  armual  westward  propagating  signal  at  lO’S  and 
significant  semi-armual  Rossby  wave  activity  between  20-35°S,  which 
contribute  to  carrying  the  interaimual  variations  from  the  eastern  boundary 
into  the  ocean  interior.  The  interannual  signature  in  the  mid-latitude 
propagating  anomalies  is  apparent  in  T/P  sea  level  anomalies  (SLAs)  and 
SST  anomalies.  Large-scale  warm  SST  anomalies  lasting  several  months 
also  occur  in  the  ocean  interior,  which  coincide  with  the  arrival  of 
downwelling  Rossby  waves  with  positive  SLAs,  and  possibly  induce  the 
observed  upwelling-favourable  winds  which  occur  at  the  end  of  the  warm 
SST  anomaly. 


TRACKING  EDDIES  IN  THE  SUBTROPICAL  NORTH¬ 
WESTERN  ATLANTIC  OCEAN 
A.  Pauluhn  (1)  and  Y.  Chao  (2) 

(1)  Institut  fiir  Meereskunde,  Universitat  Hamburg,  D-22529  Hamburg,  Ger¬ 
many,  (2)  Jet  Propulsion  Laboratory,  Pasadena,  CA’91109,  USA  . 
Anticyclonic  eddies  generated  in  the  North  Brazil  Current  (NBC)  retroflec¬ 
tion  area  are  traced  along  the  coast  of  North  Brazil  into  the  Caribbean  Sea 
via  altimetric  SSH  measurements  by  TOPEX/POSEIDON.  At  least  16  to  20 
eddies  can  be  seen  to  form  in  the  NBC  area  during  the  period  from  Octo¬ 
ber  1992  to  June  1997,  12  of  which  can  be  followed  into  the  Caribbean  Sea, 
where  they  appear  about  one  year  after  their  generation.  It  takes  them  about 
350  to  370  days  to  propagate  from  their  formation  area  at  about  5°N  -  8°N 
and  SIS'E  -  320“E  into  the  Caribbean.  Time  scales  of  about  80  to  100  days, 
characteristic  for  the  Caribbean,  can  already  been  found  in  the  region  of  eddy 
formation.  The  observed  eddy  sizes  range  from  200  to  600  kra.  Their  average 
amplitude  is  found  to  be  about  15  cm,  and  their  average  propagation  speed 
is  about  14  cm/s.  Thus,  the  connection  of  a  continuous  eddy  path  from  the 
NBC  area  into  the  Caribbean,  recently  indicated  by  model  calculations  with  a 
high-resolution  (1/6°)  ocean  circulation  model,  has  been  shown  to  appear  in 
the  TOPEX/POSEIDON  sea  surface  height  anomalies. 


N.R.Peacock  (1),  S.W.Laxon  (1),  R.Scharroo  (2),  W.Maslowski  (3) 

(I)  Mullard  Space  Science  Lab.,  University  College  London,  UK,  (2)  Delft  Inst,  for 
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The  use  of  altimeter  data  in  the  polar  regions  has  previously  been  restricted  by  the 
presence  of  permanent  and  seasonal  ice  cover.  Changes  in  the  radar  echo  shape 
received  by  the  altimeter  over  sea  ice,  as  compared  with  the  open  ocean,  cause 
problems  in  the  on-board  estimates  of  surface  height,  resulting  in  a  very  noisy 
height  signal.  The  majority  of  noise  on  the  signal  can  be  reduced  by  refracking  the 
full  waveform  data  set  (WAP),  but  other  factors  have  previously  limited  the  noise 
reduction,  most  notably  pulse  blurring.  Software  simulation  of  the  tracking  system 
has  ted  to  the  development  of  new  ground  processing  algorithms,  which  further 
reduce  the  short  wavelength  (<  20km)  noise,  from  30-50cm,  down  to  5-lOcm.  This 
provides  for  the  first  time  the  capability  for  accurate  mean  sea  surface  generation 
and  investigations  into  tidal  and  oceanographic  signals  in  ice  covered  seas.  The 
initial  estimate  of  the  rms  variability  of  crossovers  in  the  Arctic  is  14-20cm, 
compared  with  a  global  average  of  6-8cm.  Sea  surface  anomalies  are  calculated 
over  the  Arctic  Ocean  and  their  potential  in  improving  our  understanding  of  tides 
and  ocean  circulation  is  explored  through  comparisons  with  existing  models. 


REGIONAL  ANALYSIS  OF  THE  INVERTED  BAROMETER  EF¬ 
FECT  OVER  THE  GLOBAL  OCEAN 

R.M.  Ponte  (1)  and  P.  Caspar  (2) 

(1)  Atmospheric  and  Environmental  Research,  Inc.,  Cambridge,  US.4,  (2)  Space 
Oceanography  Division,  CLS,  Toulouse,  France. 
ponte6aer.com/Fax:  1(617)661-6479 

Crossover  sea  level  differences  from  TOPEX/Poseidon  are  regressed  against 
atmospheric  surface  pressure,  and  the  resulting  latitude/longitude  map  of  the 
regression  coefficient  is  examined  for  deviations  from  the  value  of  -1  cm/mbar 
expected  for  an  inverted  barometer  (IB)  signal.  Such  deviations  can  be  caused 
by  incidental  correlations  between  measured  atmospheric  pressure  and  data 
errors  or  correlations  between  atmospheric  pressure  and  dynamic  sea  level  (i.e., 
sea  level  adjusted  for  an  IB  signal).  Significant  departures  from  the  constant  IB 
value  are  found  in  most  regions,  from  the  tropics  to  high  latitudes.  An  ocean 
model  is  used  to  help  interpret  the  observed  IB  departures  and  their  spatial 
patterns  in  terms  of  the  spatial  characteristics  of  the  forcing,  the  differences 
in  regional  dynamics  and  oceanic  response  to  forcing,  and  the  effects  of  wind- 
driven  signals.  Influence  of  high  frequency  signals,  not  well  sampled  by  the 
altimeter,  is  discussed.  The  general  validity  of  the  IB  approximation  is  assessed 
as  a  function  of  time  scale  and  region. 


APPLICATIONS  OF  fflGH  ACCURACY  ALTIMETRIC 
HEIGHT  MEASUREMENTS  IN  ICE  COVERED  SEAS  TO 
STUDIES  OF  THE  POLAR  OCEANS,  AND  COMPARISONS 
WITH  MODELS 
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SPACE-TIME  VARIABILITY  OF  THE  BLACK  SEA  CEOSTROPHIC 
CIRCULATION  AS  IT  SEAN  FROM  SATELLITE  ALTIMETRY. 

OA.  Saenko,  C.  J.  Koblinsky,  V.  V.  Knysh.  G.K.  Korotaev 

Marine  Hydrophysicat  Institute,  Sevastopol.  Crimea,  Ukraine  Goddard  Space  Flight 

Center,  Greenbelt,  MD,  USA 

The  Black  Sea  is  a  semi-enclosed  sea  with  a  strong  seasonal  variability  of  the  sea 
level  due  to  seasonal  cycles  of  river  runoffs,  precipitation  and  evaporation.  Both 
the  ERS-l  and  the  TOPEX-POSEIDON  altimetry  obviously  present  the  strong 
seasonal  signal  with  the  amplitude  up  to  25  cm  that  need  to  remove  before  the  analysis 
of  the  surface  geostrophic  circulation.  The  altimeter  data  averaged  along  each 
track  shows  that  the  response  of  the  offshore  sea  level  to  the  water  exchange  is 
spatially  uniform.  It  results  from  the  barotropic  nature  of  the  response  as  well  as  from 
the  fact  that  the  size  of  the  Black  Sea  is  significantly  less  than  the  barotropic 
Rossby  radius.  The  latter  idea  serves  a  basis  of  the  proposed  method  of  retrieving 
the  anomaly  of  the  Black  Sea  dynamical  level,  namely,  the  level,  which  reflects  the 
surface  geostrophic  circulation.  To  obtain  the  outcome  product  the  climatic  sea  level 
from  the  archive  hydrology  is  added  to  the  anomaly  of  the  dynamical  sea  level 
from  altimetry.  The  reconstructed  dynamical  sea  level  shows  good  correlation  with 
the  sea  level  obtained  from  the  simultaneous  CoMSBIack  hydrology.  The 
objectively  mapped  dynamical  sea  level  is  used  to  analyze  a  seasonal  variability  of 
the  Black  Sea  circulation.  The  satellite  altimetry  manifests  a  well-known  cyclonic 
Rim  Current  belting  die  Black  Sea.  The  Rim  Current  has  its  maximum  intensity  in 
the  winter-spring  period.  There  is  a  break  in  the  Rim  Current  beginning  from  the 
earlier  summer.  Simultaneously  the  mesoscale  eddies  occupy  the  basin.  By  the  end  of 
the  fall  the  eddy  activity  we^ens  and  the  Rim  Current  recovers.  Then  the  cycle 
repeats.  Wintertime  intensification  of  the  Rim  Current  corresponds  to  the  seasonal 
intensification  of  the  atmospheric  cyclogenesis  over  the  Black  Sea.  The 
time-longitude  plots  of  the  sea  level  anomaly  demonstrate  the  westward  phase 
propagation.  Thus  the  seasonal  variability  of  the  Black  Sea  circulation  results  from  the 
seasonal  variability  of  atmospheric  forcing  and  the  reflection  ofRossby  waves  from 
the  eastern  coast  of  the  Black  Sea.  The  spectral  analysis  shows  that  mesoscale  contains 
a  substantial  part  of  the  total  ene^y  brides  the  seasonal  cycle.  The  time  spectrum 
clearly  shows  two  periods  of  about  130  and  60  days.  The  eddy  activity  is  the  most 
prominent  in  the  Rim  Current  vicinity.  There  are  additional  areas  of  the  enhanced 
mesoscale  variability  in  the  westernmost  part  of  the  Black  Sea.  near  the  Bosphorus 
Strait,  and  near  the  bottom  slope  in  the  central  part  of  the  eastern  Black  Sea. 


MECHANICAL  ENERGY  PLUX  TO  THE  SURFACE 
GEOSTROPHIC  FLOW  USING  TOPEX/POSEIDON  DATA 
R.  B.  Scott 

Dep&rtment  of  Atmospheric  and  Oceanic  Sd.,  Montreal,  Canada  H3A  2K6- 
acottflzaphyr.nateo.mcgill.ea/Fax:  [1]  514  369  3880 
The  rate  of  mechanical  energy  transfer  from  the  atmospheric  winds  to  the 
surface  geostrophic  velocity  is  estimated  for  the  world  ocean.  The  surface 
geostrophic  velocity  is  calculated  from  the  4  year  mean  dynamic  topography 
and  the  10  day  anomaly  fields  obtained  from  the  TOPEX/POSEIDON  al¬ 
timetry  measurements.  The  wind  stress  is  obtained  from  the  NCAR/NCEP 
Reanalysis.  An  uncertainty  estimate  of  the  integrated  energy  transfer  rate  is 
more  computationally  demanding  and  therefore  focused  on  just  the  North  Pa¬ 
cific  basin.  The  uncertainty  is  baaed  on  the  geoid  slope  error  estimates  obtained 
from  the  JGM-3  geoid  model  coeHicient  covariance  matrix.  Despite  the  low  sig¬ 
nal  to  noise  ratio,  a  meaningful  signal  can  be  extracted  since  the  energy  transfer 
calculation  involves  a  projection  of  the  estimated  geostrophic  current  onto  the 
wind  stress  field.  The  latter  is  more  strongly  correlated  with  the  surfru:e  current 
than  the  geoid  slope  error. 


MONITORING  THE  1997/1998  EL  NINO  BY  ERS-2 

Remko  Scharroo  (1),  Marc  Naeije  (1),  Geert  Jan  Oldenborg  (2),  Gerrit  Burg¬ 
ers  (2),  Katia  Cardon  (3),  Philippe  Goryl  (3)  and  Jerome  Benveniste  (3) 

(1)  Delft  Institute  for  Earth-Oriented  Space  Research,  The  Netherlands, 

(2)  KNMI,  De  Bilt,  The  Netherlands,  (3)  ESA/ESRIN,  Frascati,  Italy. 

The  recent  El  Nino  of  1997/1998  is  one  of  the  strongest  in  this  century.  With 
the  radar  altimeter  and  AIong-Track  Scanning  Radiometer  (ATSR)  of  ERS-2 
this  event  was  monitored  in  high  detail.  From  the  OPR-1  altimeter  data,  en¬ 
hanced  with  Delft  precise  orbits,  weekly  “images”  of  the  sea  level  anomalies  are 
generated,  each  with  an  effective  temporal  resolution  of  16  days  (one  subcycle 
of  ERS-2)  and  with  a  fine  spatial  resolution  of  about  1.5®.  Adding  to  this  the 
ATSR  sea  surface  temperatures,  which  are  unfortunately  hampered  by  cloud 
cover,  we  have  an  excellent  set  of  data  to  study  the  evolution  of  the  ocean 
dynamics  in  the  Equatorial  Pacific  related  to  the  El  Nino  Southern  Oscillation 
(ENSO)  from  May  1995  onward.  Animations  clearly  show  the  development  of 
the  latest  El  Nino.  Especially  the  sudden  Kelvin  wave  at  its  onset  is  clearly 
recognised  as  well  as  the  fact  that  the  event  actuedly  hits  the  American  coast 
twice,  in  July  and  October  1997. 

The  altimeter  data  have  been  assimilated  in  a  wind-driven  shallow-water  ocean 
model  using  variational  and  ensemble  Kalman  techniques.  In  this  way  we  were 
able  to  bring  the  model  sea  surface  elevations  closer  to  the  observations;  the 
rms  difference  dropped  from  about  8  to  4  cm.  Definitely,  the  incorporation  of 
altimeter  data  improved  our  analysis  and  shows  the  potential  of  these  data  in 
ENSO  dynamics  research. 


ASSIMILATION  OF  TOPEX/POSEIDON  DATA  INTO  A  SEA¬ 
SONAL  FORECAST  SYSTEM 

J.  Segschneider,  0.  Alves,  D.  Anderson,  M.  Balmaseda  Alonso,  T.  Stockdale, 
European  Center  for  Medium  Range  Weather  Forecast,  Reading,  UK 

By  assimilating  T/P  altimeter  data  into  the  oceanic  component.of  a  coupled 
ocean-atmosphere  model  we  want  to  improve  the  seasonal  forecast  system  at 
ECMWF.  As  a  first  step  we  compare  gridded  T/P  data  to  results  from  the 
present  forecast  system  in  which  XBT  and  TAO  temperature  obervations  are 
assimilated  into  the  ocean  model  via  01  and  SST  is  relaxed  to  Levitus.  The 
mean  value  of  the  sea  level  for  the  years  from  1993  to  1995  is  subtracted  from 
the  model  results  and  T/P  anomalies  are  interpolated  to  the  model  grid.  In 
genera!,  both  the  mean  annual  cycle  and  the  interannual  variations  agree  quite 
well  between  observations  and  model  results,  including  the  onset  and  time- 
evolution  of  equatorial  Kelvin  waves  and  off-equatorial  Rossby  waves.  There 
are  spatial  shifts  of  the  anomaly-patterns  however,  and  the  T/P  data  show  en¬ 
hanced  mesoscale  activity.  Amplitudes  of  the  sea  level  are  generally  somewhat 
larger  in  the  observations. 

Thus,  T/P  data  have  the  potential  to  improve  oceanic  initial  conditions.  Using 
altimeter  data  is  not  easy  however.  As  a  first  attempt,  T/P  data  are  assimi¬ 
lated  into  the  ocean  model  by  locally  adjusting  the  vertical  density  profiles  as 
suggested  by  Cooper  and  Haynes  (1996).  Later  efforts  will  include  the  com¬ 
bined  assimilation  of  TAO,  XBT  and  T/P  data.  The  relative  importance  of 
the  different  observation  systems  will  be  assesed. 


EOF-  AND  WAVELET  ANALYSIS  OF  THE  SEA  SURFACE  VARI¬ 
ABILITY 

M.  Schmidt  and  W.  Bosch 

Deutsches  Geodatisches  Forschungsinstitut,  D-80539  Munchen,  Germany. 
schmidtCdgfi.badw-muenclien.de/Fax:  [49]  89-23031-240 
A  series  of  global  gridded  sea  surface  height  models  has  been  generated  from 
Topex/Poseidon  altimeter  data,  covering  a  period  of  at  least  four  yeap.  Height 
anomalies,  performed  relative  to  a  four  year  mean  sea  level,  are  used  to  study 
the  sea  surfeure  variability  using  the  method  of  empirical  orthogonal  functions 
(EOF)  and  principle  components  as  well  as  wavelet  emalysis. 

The  speice-time  distributed  height  anomalies  are  separated  into  temporal  parts, 
represented  by  the  principed  components,  and  spatUl  parts,  described  by  the 
empiric2il  orthogoneil  functions.  The  latter  are  cohiputed  by  a  singular  value 
decomposition  of  the  matrix  of  the  height  amomalies. 

The  principal  components  are  investigated  by  wavelet  transform  in  order  to 
determine  both  the  dominant  periodic  and  the  significiant  aperiodic  oscillations 
of  the  sea  surface.  The  wavelet  method  is  an  excellent  tool  for  analysing  signals 
with  time  dependent  amplitudes  and/or  frequencies.  Local  signal  variations  are 
detected  in  an  adaptive  time-frequency  window.  The  current  ^malysis  is  based 
upon  the  Morlet  wavelet,  often  used  in  geodetic  applications. 

The  spatial  and  the  temporal  distribution  of  the  first  few  modes  are  shown 
together  with  the  results  of  the  wavelet  transform  of  the  principal  components. 
This  illustrates  how  the  annual  variability  as  well  as  phenomena  like  El  Nino 
are  represented. 


THE  BLACK  SEA  VARIABILITY  RESULTED  FROM  THE  WATER 
BUDGET. 

Sukhikh  L.I.,  Belokopytov  V.N.,  Saenko  O.A.,  Dorofeev  V.L.,  Koblinsky  C.J., 
Korotaev  G.K. 

Marine  Hydrophysical  Institute,  Sevastopol,  Crimea,  Ukraine  Goddard  Space  Flight 
Center,  Greenbelt,  MD,  USA 

Seasonal  variability  of  river  runoff,  evaporation,  precipitation  and  water  flow  through 
Bosporus  and  Kerch  straits  induces  changes  of  the  Black  Sea  level  with  amplitude  up 
to  35cm.  Simple  two-layer  model  analysis  shows  that  the  response  of  the  closed  basin 
to  the  boundary  water  fluxes  is  barotropic  mainly.  Moreover,  it  is  spatially  uniform  in 
the  deep  part  of  the  Black  Sea  since  ^e  size  of  the  basin  is  much  smaller  than  the 
barotropic  Rossby  radius.  Satellite  altimetery  data  of  TOPEX/POSEIDON  and  ERS-I 
missions  provides  unique  possibility  to  verify  the  theoretical  results.  Averaged  data 
along  each  track,  crossing  the  Black  Sea  are  used.  There  is  good  correspondence  of 
different  time  series  obtained  after  the  averaging  of  the  open  sea  level  data.  These  data 
are  also  in  good  agreement  with  river  runoff,  recalculated  to  the  mean  Black  Sea  level 
variability  due  to  the  continuity  equation.  The  behavior  of  the  sea  level  in  the  shallow 
coastal  zone  is  more  complicate.  There  is  the  phase  shift  between  coastal  sea  level 
observations  and  satellite  altimetery  data  for  the  open  sea.  Coastal  sea  level 
observations  itself  demonstrates  also  the  phase  shift  between  data  sets  obtained  in 
different  points  along  the  Black  Sea  coast.  Coastal  trapped  and  shelf  waves  are  the 
most  feasible  causes  of  the  observed  sea  level  structure. 
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THE  POTENTIAL  FOR  USING  OCEAN 
GENERATED  ELECTROMAGNETIC  FIELDS  TO 
REMOTELY  SENSE  OCEAN  VARUBILITY 

R.  H.  Tvler  and  T.  B.  Sanford  (Applied  Physics  Laboratory,  University 
of  Washington.  1013  NE  40th  St.,  SeatUc,  WA  98105,  USA) 

J.  M.  Obcrtiuber  (Deutsches  Kiimarechenzentnim,  GmbH 
Bundcsstrasse  55,  D20146  Hamurg.  Germany) 

The  flow  of  the  electric^ly  conducting  ocean  through  the  Earth’s  main 
magnetic  field  generates  secondary  electromagnetic  fields.  For  some 
time  electric  field  measurements  have  been  made  in  die  ocean  to 
determine  the  ocean  flow.  D.  Winch  and  K.  Runcorn  have  speculated 
recently  that  magnetic  field  satellite  surt'eys  might  be  used  to  monitor 
(he  ocean  generated  electromagnetic  fields,  and  that  these  signals 
might  be  inverted  to  gain  information  about  variations  in  ocean 
circulation.  We  calculate  global  three-dimensional  electromagnetic 
fields  generated  uiting  ocean  data  from  the  German  OPYC  model  and 
give  an  overview  of  the  form  and  magnitudes  of  the  ocean  generated 
electromagnetic  fields  both  In  and  outside  of  the  ocean.  The  ocean¬ 
generated  magnetic  fields  are  typically  le.s.s  than  10  nanoteslas  outside 
of  the  ocean  (but  can  reach  a  couple  hundred  nT  inside  the  ocean)  and 
although  small  are  above  the  detectability  level  of  ground 
observatories  and  some  of  the  previous  satellite  measurements.  Wc 
discuss  these  results  and  describe  both  the  potential  benefits  and 
difficulties  in  extracting  and  inverting  the  ocean  signals  from  the 
geomagnetic  records.  Discussion  of  this  topic  is  timely  since  the 
potential  use  of  satellite  magnetic  data  in  ocean  and  climate  studies 
could  be  made  more  feasible  with  coordinated  efforts  in  future 
satellite  missions  such  as  CHAMP. 


ASSIMILATION  OF  ALTIMETRIC  DATA  IN  AN  OCEAN 
MODEL  FOR  FISHERIES  STUDIES  IN  UPWELLING  AREAS 
F.  Veers4  (1)  and  M.  Ouberdous  (2) 

(1)  Meteo-France,  CNRM/GMAP/AAD,  42  avenue  Gaspard  Coriolis,  F-31057 
Toulouse  cedex  1, France,  (2)  JRC-EC,  SAI/ME  Unit,  1-21020  Ispra,  Italy. 
veerseCenrm. meteo.fr/Fax:  [33]  5-61078453 

The  coastal  ocean  upwelUng  phenomenon  is  an  important  processes  studied  in 
oceanography.  Many  studies  based  directly  on  satellite  observations  were  car¬ 
ried  out  to  locate  and  follow  this  phenomenon  on  the  ocean  surface.  Advanced 
data  assimilation  methods  are  essentia!  to  infer  its  subsurface  dynamics  in  deep 
and  shallow  ocean  from  satellite  data.  With  the  tidal  mixing,  the  coastal  ocean 
upwelling  constitutes  the  major  process  for  nutrient  regeneration  in  the  surface 
layer.  The  surface  Ekman  layer  transport  produced  by  the  phenomenon,  and 
related  currents  are  an  important  factor  for  larvae  and  small  pelagic  life.  Stud¬ 
ies  and  investigations  using  satellite  and  fisheries  data  and  some  assumptions 
on  the  current  behaviour  try  to  identify  the  physical  forces  that  control  the 
growth  of  small  pelagic  fish  populations.  Up  to  now  (to  our  knowledge),  the 
dynamics  resulting  from  the  assimilation  of  satellite  observations  have  not  been 
used  for  studies  in  this  discipline. 

A  project  is  undergoing  at  the  JRC  SAI/ME  unit  to  assimilate  altimetric  data 
in  a  primitive  equation  model  using  a  four-dimensional  variational  assimilation 
scheme,  in  order  to  obtain  such  a  description  of  the  dynamics  in  upwelling 
areas.  More  details  of  the  project  and  its  current  state  of  development  will  be 
presented  during  this  session  of  the  EGS  General  Assembly. 


G6  High  resolution  monitoring  of  land  and  ice 
surface  with  altimetry  and  SAR  interferometry 

Convener:  Klees,  R. 

Co-Convener:  Remy,  F. 


SURFACE  MEDDIES  TRACKING  USING  SPATIAL  TECHNIQUES 

Villares  P  (  1),  Rojas  JL  (1),  Catalan  P-U  M  (1),  Camacho  JC  (1),  Gomez-Enri 
J  (I).  Catalan  MM  (2) 

(1)  University  of  Cadiz,  (2)  Real  Institute  y  Observatorio  de  la  Armada 
c/m  manuel.catalan@uca.es,  +34  56  470866 

The  analysis  of  ocean  water  masses  using  traditional  oceanographic  techniques, 
including  RAFOS,  has  allowed  to  track  the  upwelling  of  Mediterranean  water  forming 
mesoscale  eddies,  with  a  different  thermohaline  composition  of  its  surrounding 
Atlantic  masses,  in  the  Iberian  Atlantic  west  of  the  Portugal  coast.  The  dynamic  of  the 
region  is  quite  complex  and  is  of  particular  interest  to  use  data  assimilation  that 
combines  classical  and  spatial  techniques.  To  detect  MEDDIES  with  satellite  altimetry 
we  have  defined  a  rectangle  between  longitudes  340]  and  353|  and  latitudes  36]  to 
43|N,  where  MEDDIES  where  detected  by  lagrangian  methods,  according  with 
information  received  from  the  Portuguese  group  lOCEANO.  With  preceding 
information  we  have  compared,  on  this  geographic  area,  the  behaviour  of  the  different 
altimeters,  tracking  along  its  paths  the  dynamic  signal  time  series.  A  comparison  was 
also  made  between  the  average  behaviour  of  the  dynamic  signal  over  windows  with  a 
surface  extension  of  the  size  of  the  MEDDIES  (O.SfXO.Sf)  and  a  dynamic  sea  surface 
reference  obuined  averaging  the  time  series  over  larger  windows  of  3|X3|.  Our  result 
shows  the  track  of  a  possible  MEDDIE  crossing  the  area  from  38|N,  121e  in  26  July 
1994  to  37lN,  13.7[E  in  26  August  1994.  The  possible  MEDDIE  was  simultaneously 
tracked  by  two  RAFOS  and  delected  as  a  different  signature  surface  in  an  ERS- 1  SAR 
image. 


Radar  investigations  of  the  deep-ocean  internal  solitons  In  the  North-W’estern 
Pacific 

Olga  Yu.  Lavrova,  Konst.  D.Sabinin 

Space  Research  Institute,  Russian  Academy  of  Sciences  e-mail: 
olavrova@mx.iki.rssi.ru  fax:  (095)  3331056 

A  detailed  analysis  of  sea  surface  Ku-radar  images  collected  in  DCI  RAN  during 
regular  many  years  experiments  (1979-1991)  from  aircraft  has  showed  that  in  the 
North-Western  Pacific  near  Kamchatka  there  were  the  regions  of  regular 
manifestations  of  deep  ocean  internal  waves.  Some  of  the  soliton-like  trains  of  internal 
waves  seemed  to  propagate  from  the  open  ocean  to  shelf.  The  direction  of  propagation 
of  the  trains  was  estimated  using  some  specific  features  in  the  trains'  surface 
manifestation.  The  simultaneous  contact  measurements  of  hydrological  and 
oceanographic  parameters  from  research  vessel  have  confirmed  the  availability  of 
internal  waves  in  the  testing  area.  The  ray  calculations  have  confirmed  that  there  are 
some  locations  at  the  continental  slope  where  the  slope  inclination  is  critical  for  the 
semidiurnal  internal  tide.  The  interna!  tides  generated  in  these  locations  propagate 
along  the  wave  characteristics  (rays)  and  may  evolve  in  the  upper  ocean  in  trains  of  the 
solitons  visible  in  the  radar  images  as  the  rips/slicks  bands  moving  shorewards. 

This  work  was  done  by  financial  support  of  RFBR  Grant  96-05-65518 


ACCURACY  ASSESSMENT  OF  ALTIMETER  DERIVED  ORTHOMETRIC 
HEIGHTS  USING  REGIONAL  DIGITAL  ELEVATION  MODELS. 


Berry  P.A.M.  Thornton.  S.R.  (1)  &  Featherstone,  W.E.  (2) 

(OGeomatics  Unit,  Faculty  of  Computing  &  Engineering,  De  Montfort  University, 
Leicester  LEI  9BH,  UK.  email:  pamb@dmu.ac.uk  fax:+44  116254  1891 
(2)  School  Surveying  &  Land  Inform.,  Curtin  Univ.  of  Technology,  GPO  Box 
U1987,  Perth.  WA  6001,  Australia.  email:tfeather@curtin.edu.au 


The  ERS- 1  geodetic  mission  resulted  in  the  acquisition  of  large  volumes  of  altimeter 
echoes  over  non-ocean  surfaces,  potentially  enabling  the  generation  of  millions  of  height 
points  over  land.  However,  highly  variable  and  complex  echoes  are  returned  from  land 
topographic  surfaces.  An  expert  system  has  therefore  been  developed  to  retrack 
individual  surface  echoes  using  a  range  of  retrackers  specifically  configured  to  interpert 
wavefonns  over  land.  Data  from  the  entire  geodetic  mission  has  been  processed  to 
generate  a  Regional  Altimeter  Product  (RAP)  database. 

In  order  to  utilise  these  data,  validation  of  the  altimeter  derived  heights  is  required. 

A  series  of  comparisons  has  therefore  been  carried  out  with  accurate  regional  Digital 
Elevation  Models  (DEMs),  to  determine  the  bounds  within  which  the  RAP  data  can 
be  expected  to  perform  reliably.  Results  from  a  series  of  such  comparisons  are 
presented  in  this  paper,  including  a  large  scale  comparison  with  a  9”  DEM  of 
Australia.  Results  confirm  the  accuracy  of  altimeter  derived  orthometric  heights  for 
a  range  of  terrain  types,  and  illustrate  the  value  of  this  unique  dataset. 
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LAND  SUBSIDENCE  MEASUREMENTS  AT  CERRO  PRIETO 
GEOTHERMAL  FIELD  (BAJA  CALIFORNIA,  MEXICO)  USING  SAR 
INTERFEROMERY. 

C.  Camec  (1),  H.  Fabriol  (1),  E.  Glowacka  (2),  F.  Arellano  (3) 

(1)  BRGM,  Geophysics  and  Geological  Imagery,  Orleans,  France. 

(2)  CICESE,  Ensenada,  Mexico. 

(3)  CFE,  Residencia  de  Estudios  Cerro  Prieto,  Mexico,  c.camec@brgm.fr  /  fax  : 
(33)2.38.64.33.61. 

Repeat-pass  interferometry  has  a  high  potential  for  the  measurement  of  displacement 
field  over  large  areas  or  land  subsidence  at  fluid  exploitation  or  mining  sites.  The 
Cerro  Prieto  pull-apart  basin,  which  is  part  of  the  Salton  Trough-Gulf  of  California 
system  of  spreading  centers,  is  well  known  for  its  high  seismic  activity,  either 
from  tectonic  origin  or  triggered  by  the  exploitation  of  a  geothermal  field. 
Vertical  movements  have  been  observed  along  the  southern  end  of  the  Imperial  Fault 
in  the  Mexicali  Valley  and  around  the  geothermal  field.  A  radar  monitoring  of  the 
Cerro  Prieto  geothermal  field  was  carried  out  from  1993  to  1996.  Preliminary 
results  of  ERS  differential  interferograms  and  geocoded  maps  are  presented  for  this 
area.  Differential  interferograms  were  generated  using  ERS  SLC  data,  combined 
with  a  DEM.  Some  results  of  InSAR  processing  are  presented  using  our  in-house 
developed  interferometric  software  package-.  Monitoring  of  the  area  by  geodesy 
and  a  crackmeter,  further  enable  to  check  the  interferometric  results  through  direct 
comparison  with  field  data.  The  study  has  been  carried  out  also  by  taking  into 
account  the  seismic  activity  of  the  area  and  assessing  its  influence  on  ground 
movements. 


ERS-1&2  TANDEM  MISSION  INSAR  DATA  OF  ANTARCTICA  - 
GLACIOLOGICAL  APPLICATION  AND  ASSESSMENT  OF  ACCURACY 


R.  Metzig  (1),  R.  Dach  (1),  R.  Dietrich  (1),  R-  Hartmann  (2),  W.  Korth  (1),  J.  Perlt  (1), 
W.Winzer(2) 

(1)  Instihit  feur  Planetare  Geodaesie,  TU  Dresden,  Germany 

(2)  Jena-Optronic,  Germany 

met2ig@ipg.geo.tu-dresden.de  /  Fax:  +49-351-4637063 

In  1996,  during  the  ERS-1&2  tandem  mission,  several  consecutive  passes  of  ERS-I&2 
enable  for  SAR  interferometry  were  acquired  covering  the  region  of  the  Schirmacher 
O^is  /  Dronning  Maud  Land.  All  these  passes  were  recorded  by  the  Japanese  antarctic 
station  Syowa.  This  study  utilizes  SLCIs  (full  scenes)  to  compute  amplitude  and  phase 
coherence  images  as  well  as  interferograms.  The  objectives  of  this  study  were  to 
measure  the  ice  velocities  of  the  outlet  glaciers,  to  determine  the  tidal  displacement  of 
the  shelf  ice  and  to  map  the  grounding  line.  The  short  interferometric  baselines  during 
the  time  of  acquisition  were  suitable  for  studying  motion  phenomena.  Both  ascending 
and  descending  tracks  were  used  to  derive  velocity  fields.  Ground  truth  data  were 
incorporated  to  assess  the  accuracy  of  the  interferometrically  measured  displacements. 


NEAR-GLOBAL  CROSSOVER  ANALYSIS  OF  ERS-1  ALTIMETER  DATA 
OVER  LAND 

Dowson  M.  &  Berry  P.A.M. 

Geomatics  Unit,  Faculty  of  Computing  &  Engineering,  De  Montfort  University, 
Leicester  LEI  9BH,UK.  email:  pamb@dmu.ac.uk  fax;+44  116  254  1891 

It  has  already  been  established  that  the  number  of  valid  returns  over  land  from  the 
ERS-1  altimeter  during  the  geodetic  mission  far  exceeds  original  expectations.  In  order 
to  utilise  fully  these  data  over  land,  the  precision  to  which  heights  can  be  generated  from 
echoes  obtained  over  topographically  varying  surfaces  must  first  be  quantified. 

For  this  research,  Waveform  Altimeter  Product  (WAP)  data  have  been  processed  to 
generate  a  Regional  Altimeter  Product  (RAP)  using  an  expert  system  which  retracks  the 
altimeter  returns  using  a  range  of  new  land-specific  retrackers. 

This  paper  presents  near-global  results  from  analysis  of  all  geodetic  mission  crossovers 
over  land  where  valid  RAP  data  exist,  grouped  into  15  degree  squares  for  ease  of 
presentation.  The  extremely  promising  results  demonstrate  that  globally,  in  any  15 
degree  square,  between  15%  and  70%  of  the  crossover  height  differences  are  less  than 
Im.  The  overall  total  percentage  of  crossovers  over  land  where  the  height  differences 
are  less  than  Im  is  40%,  representing  353771  out  of  a  total  of  889736  crossover  pairs. 
Also  presented  is  an  analysis  of  the  distribution  of  crossover  height  differences  with 
rctracker  ^-pe,  and  finally,  comparisons  with  ground  truth  data  are  given. 

These  results  clearly  demonstrate  the  very  good  internal  consistency  of  the  RAP 
dataset,  and  show  that  using  these  land-specific  relrackers  accurate  predictions  of 
orthometric  height  can  be  made. 


TOPOGRAPHY  AND  SURFACE  FLOW  OF  THE  GEIKIE  ICE  CAP  DERIV  ED 
FROM  SAR  INTERFEROMETRY,  LASER  ALTIMETRY  AND  GPS 
MEASUREMENTS 

C.S.  Nielsen  (1),  R.  Forsberg  (I),  K.  Keller (1),  J.J.  Mohr  (2) 

(1)  National  Survey  and  Cadastre  -  Denmark  (KMS),  Rentemestervej  8,  DK-2400 
Copenhagen  NV,  Denmark,  (2)  OCRS,  Technical  University  of  Denmark,  DK-2800 
Lyngby,  Denmark,  csn@kms.min.dk,  fax:  +45  35  87  50  52 

Four  ERS- 1/2  SAR  interferograms,  two  from  ascending  and  descending  passes 
respectively,  covering  the  Geikie  ice  cap  situated  at  approx.  70  N,  25  W  were  used  to 
determine  both  the  topographic  and  the  deformation  component  of  the  interferometric 
phases.  The  Digital  Elevation  Model  (DEM)  was  constructed  utilizing  reference  points 
obtained  by  laser  altimetry  and  static  GPS.  A  coarse  model  of  the  flow  pattern  of  the 
small  ice  cap  was  derived  from  the  deformation  component  of  the  interferograms. 
Velocity  vectors  determined  by  repeated  static  GPS  positioning  of  5  reference  poles 
were  used  for  evaluation. 


Satellite  radar  altimetric  survey  of  the  polar  ice  caps 
and  wind  induced  features. 

Benoit  LEGRESY,  Fr6d6rique  R6my  and  Philippe  SCHAEFFER 
(UMR5566/GRGS(CNES-CNRS).18  av  E.  Belin  31401  TOULOUSE  CEDEX  4  FRANCE:  e-mail; 
Benoit.Legresy@cnes.fr) 


SM.ALL-SCALE  MOTION  IN  ALPINE  REGIONS  BY  .MEANS  OF  ERS  SAR 
INTERFEROMETRY 

H.  Rott.  B.  Scheuchl,  A.  Siegel 

Institut  fuer  Meteorologie  und  Geophysik.  Univ.  Innsbruck,  Innrain  52,  A-6020 
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One  objective  of  satellite  radar  altimetry  above  ice  sheets  is  to  build  time  series 
of  the  ground  height  in  order  to  conclude  whether  they  are  growing  or 
shrinking.  Since  1991,  ERSI  has  been  launched  and  releases  radar  altimetric 
measurements  up  to  81.5  ®  latitude.  The  subject  of  the  presentation  is  to 
examine  the  possible  effects  of  the  interaction  between  the  radar  wave  and  the 
snowpack  surface  on  the  height  measurement.  The  principal  problem  treated 
here  is  the  difference  of  measurement  between  ascending  and  descending 
tracks.  This  difference  reaches  1  m  in  height  and  1  dB  in  backscattering  in  some 
regions  and  is  observed  repetitively  from  one  cycle  to  the  other.  After  having  a 
look  on  the  difference  between  ascending  and  descending  radar  echoes,  we 
conclude  that  there  is  a  difference  of  apprehension  of  the  surface  wind  induced 
features  related  to  radar  waves  penetration  inside  the  snowpack.  We  used 
observations  of  the  Seasat  scatierometer  to  estimate  independently  the  signal 
that  could  be  inferred  by  wind  features.  The  result  is  convincing  and  allows  us 
both  to  map  the  effect  of  wind  on  radar  altimetric  measurement  and  to  discuss 
on  the  possible  long-term  altimetric  variations  induced  by  climatic  changes. 


Methods  and  potential  applications  of  differential  SAR  interferometry  (DINSAR) 
for  mapping  and  monitoring  small  scale  motion  in  alpine  areas  are  investigated 
within  a  project  of  the  International  Decade  for  Natural  Disaster  Reduction 
<IDNDR),  sponsored  by  the  Austrian  Academy  of  Sciences.  Based  on  an  extensive 
data  set  of  ERS-1  and  ERS-2  SAR  images  from  the  Austrian  Alps  coherence 
conditions  were  investigated  for  periods  from  one  day  to  one  year.  Whereas  in 
forested  areas  interferometric  correlation  is  low  already  after  one  day,  above  the 
treeline  the  coherence  of  selected  interferometric  pairs  is  still  sufficient  for  DINSAR 
analysis  over  one  year.  Interferometric  pairs  from  one  day  repeat  passes  with  high 
coherence  are  used  for  subtracting  the  topographic  phase  during  differential 
processing.  Differential  interferograms  have  been  generated  for  different  time 
periods,  ranging  from  one  to  three  days  to  derive  glacier  motion,  five  to  ten  weeks 
10  study  the  motion  of  block  glaciers,  up  to  one  year  to  monitor  slope  motion.  Ice 
motion  can  only  be  derived  during  the  cold  season,  because  the  C-band  signal  of 
melting  snow  and  ice  decorrelates  within  one  day.  The  best  season  for  DINSAR  in 
ice-free  Alpine  terrain  is  summer.  One  of  the  examples  with  ERS  SAR  is  a  motion 
map  for  a  slope  above  a  hydropower  reservoir,  with  a  mean  motion  of  1.5  cm  over 
one  year.  The  investigations  demonstrate  the  sensitivity  of  DINSAR  to  small-scale 
motion. 
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High-resolution  Antarctica  topography  and  surface 
features  computed  with  altimeter  data  of  the  geodetic 
ERS-1  mission. 

Philippe  SCHAEFFER,  Fred^rique  REMY,  BenoTl  LEGRESY.Laurcm  TESTUT 
(UMR5566/GRGS(CNES-CNRS).18  av  E.  Belin  31401  TOULOUSE  CEDEX  4 
FRANCE;  e-mail:  Frederique.Rcmy@cnes.fr) 

The  remote  sensing  satellite  ERS-I  launched  in  1991  was  placed  on  a  geodetic 
(168-day  repeat)  orbit  between  1994  April  and  1995  Marsh.  We  have  analysed 
the  waveform  altimetric  data  from  this  orbit  to  compute  map  with  1/30®  grid 
size.  Data  processing  consists  in  correcting  from  environmental  factors,  editing, 
retracking  the  waveform,  reducing  the  radial  orbit  error  through  crossover 
analysis,  correcting  from  slope  error  up  to  the  second  order.  We  develop  a 
retracking  techniques  that  allows  the  restitution  of  three  waveform  parameters 
related  with  surface  and  subsurface  snow  characteristics  that  arc  mapped  by  the 
same  way. 

The  map  of  the  four  parameters  shows  a  lot  of  surprising  features.  The  surface 
topography  map  exibits  area  abnormally  flat  such  as  the  well-know  « lakes  », 
or  steepyly  sloping  area  due  to  bedrock  topography.  Important  flow  -stripes  on 
ice  shelf  are  also  clearly  visible.  The  maps  of  the  parameter  deduced  from  the 
waveform  .shape  and  intensity  also  .show  surprising  details. 


G7  Joint  EGS/AGU  Symposium  on  geodetic 
observation  and  geophysical  interpretation  of 
mass  movements  in  the  Earth  system 
(co-sponsored  by  SE) 

Convener:  Dickey,  J.O. 

Co-Convener:  Reigber,  C. 

01  Soiid  Earth  and  core 

Convener:  Richter,  B. 


SOME  EFFECTS  IN  PERTURBED  MOTION  OF  THE  EARTH’S  RIGID 
CORE 

Yu.V.  Bai'kin  (  Sternberg  Astronomical  Insiitiile,  MSU,  Universitelskij  pr-l, 
119899,  Moscow,  Russia;  o-mail:  barkin@sai.msu.5ii) 

Djniamic  effects  in  translational  motion  of  the  rigid  core  (RC)  into  liquid  core  of 
the  Earth  dtie  to  gravitational  attraction  of  the  redistributed  masses  of  the  oMenial 
envelope  of  the  Earth  (corresponding  to  the  different  geophysical  processes)  are 
studied.  Restricted  trcalincnt  of  the  problem  altoul  RC  motion  is  used  RC  is 
considered  as  a  small  spherical  body  with  a  small  mass,  moving  in  the  ideal  liquid 
medium.  Reduced  equations  of  motion  aiv  linear  .  Suggested  method  uses  the 
special  expression  of  the  peniubing  force  tlirough  the  radius-vector  of  the  Eanh’s 
mass  center  ( Barkin,l99fi)  11  let  to  use  encclivciy  wide  set  of  results  which  were 
obtained  by  parlicipanLs  of  tlie  lERS  Ococentcr  Campaign  ( presidcnl  Dr.  Jim  Ray) 
in  1997  (  Broschc  and  Wuensh;  Monlag,  Gcndl,  Reigber,  Wilson,  Zhu;  Dong, 
Dickey,  Chao  and  Cheng;  and  others).  As  result  the  parameters  of  the  possible 
linear  trend  of  the  RC  were  ovniunted.  Amplitudes,  phaaca  and  frequencies  of  the 
RC  oscillations  due  to  gravitational  attraction  by  oceanic  tides  were  found.  Aiiiiiiiil 
and  semiannual  RC  oscllalions  due  to  gravitational  influence  of  the  seasonal 
redistributed  mas.scs  of  the  alino.sphcrc,  necanie  tides,  ground  water  and  nth.  have 
been  describetl.  Bias  of  tlic  RC  due  to  llicso  factors  can  reach  a  fenv  dcciiuclcrs. 
Amplitudes  of  the  RC  |)ciluib.'ilions  due  to  direct  allraclioii  of  the  Moon  and  Sun 
are  evaluated. 


ICE  SHEET  RHEOLOGY  FEATURES  DERIVED 
FROM  ERS-1  PRECISE  TOPOGRAPHY 

Laurent  TESTUT,  Frdderique  REMY. 

(UMR.S566/CROS(C'NnS-CNR.S).l8  av  E.  Bcliii  31401  TOULOUSE  CEDEX  4  FRANCE;  e-mail: 
lestuliffponlos.cst.cncs.fr 

The  high  quality  and  coverage  of  the  ERS-1  radar  altimeter,  help 
provide  a  very  accurate  surface  topographic  map  covering  80%  of  the  Antarctica 
ice  sheet  and  the  whole  Greenland.  It  contributes  significantly  to  glaciological 
studies  such  as  ice  sheet  flow  modelling. 

In  one  hand,  the  topography  allows  estimation  of  ice  sheet  flow 
direction,  convergence  and  divergence  of  the  ice  flow,  and  thus  the  balance 
velocity.  In  the  over  hand,  the  topography  allows  estimation  of  basal  shear  stress 
that  is  related  to  deformation  velocity. 

The  comparison  of  balance  velocity  and  deformation  velocity  permits  to 
fit  and  improve  defonnation  velocity,  but  also  points  out  very  important 
discrepancies  that  cannot  be  explained  only  by  a  bad  knowledge  of  the  involved 
parameters. 


RESULTS  OF  GPS  OBSERVATIONS  DURING  THE 
SERIES  OF  earthquakes  IN  STON  REGION  AT 
CROATIAN  SOUTHERN  ADRIATIC  COAST  IN 
SEPTEMBER  1996. 

T.  Basic  and  Z.  BaSic  (Faculty  of  Geodesy,  Kaciceva  26,  HR- 10000 
Zagreb,  Croatia) 

The  Croatian  soulhem  Adriatic  region  of  Ston,  near  Dubrovnik,  a 
well  known  as  seistnicly  active  area,  was  hit  by  a  series  of  earth¬ 
quakes  in  Septontber  1996.  At  the  same  time,  for  most  of  this  pe¬ 
riod,  the  internaliona!  high  precision  GHS  campaign  CROR£F’96 
was  undertaken  in  the  surounding  area  by  the  IFAG,  Croatian  Na¬ 
tional  Geodetic  Authority  and  Faculty  of  Geodesy  at  the  University 
in  Zagreb. 

The  collected  data  are  proces.scd  and  the  effect  of  the  earthquakes 
on  the  position  of  observed  points  has  been  investigated.  This  paper 
deals  with  the  results  of  this  research  effort. 


L.  Bastos  (1),  J.  Osdrio  (1),  C.  LSzaro  (1).  I.  Kakkuri  (2),  J.  Makinen  (2),  M.  Alves 
(3),  R.  Vieira  (4)  and  G.  Hein  (5) 

(I)  Observatdrio  Astrondmico,  University  of  Porto,  (2)  Finnish  Geodetic  Institute, 
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Asuonomfa  y  Geodesia  Universidad  Complutense  de  Madrid,  (5)  Institut  fUr 
Erdmessung  und  Navigation,  University  FAF  Munich 
Jaakko.Makinen@fgi.fi/Fax:4-358-9-29  555  200 

Within  the  framework  of  the  project  TANGO,  we  have  made  absolute  measure¬ 
ments  at  three  stations:  Faial  in  1992,  1994,  and  1997;  Flores  in  1992  and  1997; 
and  S.  Miguel  in  1994  and  1997.  The  work  at  S.  Miguel  was  performed  in  coopera¬ 
tion  with  the  Furnas  -  European  Laboratory  Volcano  programme.  Preliminary 
results  of  1997  show  a  significant  increase  in  gravity  both  at  Hores  (4-20  ±  7  pgal 
over  1992)  and  at  Faial  (+15  ±  7  pgal  over  the  mean  of  1992  and  1994)  while  the 
change  at  S.  Miguel  is  not  significant  (+7  ±  7  pgal  over  1994).  The  JlLAg-5  of  the 
Finnish  Geodetic  Institute  was  used.  Reference  measurements  in  Finland  before  and 
after  each  campaign,  and  at  two  high-quality  sites  in  Spain  after  the  campaign  seem 
to  exclude  the  possibility  of  a  shift  in  the  instrument.  The  standard  errors  (1  o)  are 
based  on  a  conservative  estimate  of  5  pgal  repeatability  for  a  station  occupation. 
The  results  are  not  corrected  for  variation  in  environmental  factors  like  subsurface 
water  storage,  which  may  be  appreciable  as  the  measurements  were  done  in  dif¬ 
ferent  seasons.  In  addition,  we  discuss  three  relative  campaigns  executed  in  parallel 
with  the  absolute  measurements. 


REPEATED  GRAVITY  MEASUREMENTS  IN  THE  AZORES  1992-1997 
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THE  GRAVITY  RECOVERY  AND  CLIMATE  EXPERIMENT  (GRACE) 
Byron  D.  Tapley 

Centerfor  Space  Research,  The  University  of  Texas  at  Austin,  tapley@csr.utexas.edu 

For  a  number  of  applications  in  oceanography,  hydrology,  glaciology  and  the  solid 
Earth  sciences,  the  static  and  time-varying  global  gravity  field  can  provide  a  critical 
observational  constraint.  The  Gravity  Recovery  and  Climate  Experiment  (GRACE)  is 
intended  to  provide  measurements  of  the  Earth's  gravity  field  variations  with 
unprecedented  accuracy.  GR.ACE  was  recently  selected  under  the  NASA  Earth  System 
Science  Pathfinder  (ESSP)  program.  The  proposed  GRACE  mission  consists  of  two 
satellites,  co-orbiting  In  a  polar  orbit  and  separated  by  200  km.  The  orbit  altitude  will 
decay  from  an  initial  value  of 450  km  to  300  km  during  the  five  year  mission  lifetime. 
Each  satellite  will  carry  a  micro-wave,  dual  frequency  one-way  ranging  system,  which 
will  provide  measurements  of  the  differential  satellite  perturbations  due  to  variations 
in  the  static  and  time  varying  components  of  the  Earth  gravity  field.  Each  satellites 
will  also  carry  a  high  precision  accelerometer  and  GPS  receivers  to  aid  in  the  recovery 
of  the  gravity  field  from  the  observational  data.  The  extended  mission  life  coupled 
with  the  precision  of  the  measurements  will  provide  a  static  gravity  field  model  which 
is  several  orders  of  magnitude  more  accurate  than  current  models  and  will  provide 
measurements  of  the  temporal  variations  which  will  yield  new  insight  into  mass  and 
momentum  transport  among  the  Earth's  atmosphere,  ocean  and  land  components. 
These  results  will  also  satisfy  the  requirements  of  a  number  of  national  and 
international  scientific  programs  directed  at  studying  global  change.  In  this  paper,  we 
provide  a  summary  status  of  the  project  to  dale.  Also,  we  will  review  the  science 
rationale  and  capabilities  of  GRACE  for  the  measurement  and  monitoring  of  the  Eanh 
gravity  field  changes.  The  impact  of  the  results  from  GRACE  on  our  measurement  and 
understanding  of  global  climate  change,  and  its  interaction  with  other  space  and 
ground-based  geophysical  data  sets  will  be  discussed. 


CHAMP  -  THE  NEXT  MISSION  FOR  MAJOR 
IMPROVEMENT  IN  RECOVERING  THE  GEOPOTENTIALS 

Ch.  Reigber  and  H.  LQhr 

GeoForschungsZentrum  Potsdam,  Telegrafenberg  A  17,  D-14473 
Potsdam,  Germany,  Fax  +49  33 1  288  1111 

In  mid  1999  the  Germw  small  satellite  CHAMP  will  be  launched 
aiming  at  a  drastically  improved  recovery  of  both  the  gravity  and 
magnetic  field  and  the  time  variability  in  both  fields.  For  doing  this,  the 
spacecraft  will  be  equipped  vnth  a  very  precise  magnetometry 
instrument  package,  advanced  GPS  onboard  receiver,  a  highly  precise 
three-axes  electrostatic  accelerometer  and  some  additional  support 
equipment  (laser  refiector,  star  imager,  ion  drift  meter,  Langmuir 
probe).  The  CHAMP  onboard  equipment  will  be  used  in  addition  to 
obtain  information  on  the  vertical  structure  of  the  Earth’s  neutral 
^osphere  and  ionosphere  by  limb  sounding.  The  satellite  is  planned 
to  collect  data  over  a  S-years  mission  period  and  from  a  near-polar 
orbit  at  altitudes  between  450  and  250  km.  Mission  data  will 
ugnificantly  contribute  to  the  development  of  a  credible  model  of  the 
Earth’s  interior,  to  shed  more  light  on  the  pattern  of  fluid  motions  at 
the  core/mantle  boundary,  to  improve  our  knowledge  of  the 
magnetisation  of  the  Eanh  crust  and  to  study  short-  to  medium-term 
variations  in  the  gravity  and  magnetic  field  and  their  relation  to 
geophysical  processes.  CHAMP’S  measurements  will  help  to  better 
predict  changes  and  assess  the  consequences. 

In  the  presentation,  the  mission  preparation  will  be  shonly  reviewed, 
possible  scientific  and  practical  applications  of  the  mission  will  be 
outlined  and  the  coordination  of  the  science  programme  be  explained. 


THE  INFLUENCE  OF  ATMOSPHERIC  MASS  REDISTRIBU- 
TIONS  ON  GRAVITY 
J.  Hinderer  and  J.P.  Boy 

Ecole  et  Observatoire  des  Sciences  de  la  Terre,  Strasbourg,  France. 

Surface  gravity  observations  are  influenced  by  atmospheric  effects  over  a  very 
broad  frequency  band  ranging  from  years  to  minutes.  The  effects  are  due  to 
a  loading  process  combining  Newtonian  attraction  and  elastic  deformation  of 
the  ground.  It  is  very  classical  in  gravimetry  to  perform  atmospheric  correc¬ 
tions  on  gravity  data  with  the  help  of  a  transfer  function  called  barometric  ad¬ 
mittance  (typically  -0.3  microgal/millibar)  between  gravity  and  pressure  both 
measured  only  locally;  however  several  studies  have  shown  that  this  factor  is 
variable  in  time  as  well  as  in  frequency.  For  periods  larger  than  10  days,  cross- 
correlation  analyses  between  local  gravity  and  pressure  point  out  that  a  more 
global  approach  based  on  atmospheric  loading  Green’s  functions  is  required. 
We  will  use  a  global  pressure  data  set  (1.125*  x  1.125*,  6  hour  sampling)  pro¬ 
vided  by  ECMWF  (European  Centre  for  Medium  Range  Weather  Forecasts)  to 
model  the  gravity  changes  at  different  stations  where  superconducting  gravime¬ 
ter  records  are  available.  The  differences  between  global  and  local  approaches 
will  be  emphasized  especially  for  the  3000  day  long  record  in  Strasbourg.  A  fur¬ 
ther  modelling  taking  into  account  the  stratification  in  the  atmosphere  will  be 
tested  with  respect  to  the  thin  layer  approximation  (surface  loading).  Finally 
our  global  atmospheric  loading  model  will  be  used  to  investigate  the  gravity 
signature  caused  by  planetary  organised  waves  like  the  annual  and  diurnal  at¬ 
mospheric  tides  Sa  and  Si  of  thermal  origin. 


On  the  Possible  Interference  of  Datum  Effects  of  Geodetic 
Models  with  Temporal  Changes  of  Geophysical  Parameters 

R-  Rummcl  {1)»  M.  Gerstl  (2) 

(1)  Institute  for  Astronomical  &  Physical  Geodesy,  Techmsche  Univer- 
sitai  Miinchen,  D-80290  Mflnchen;  rurDmel@step.Upg.vcrm.tu- 
muenchen.de  /  Fax:  +49  89  /  289  23178 

(2)  Deutsches  Geodatisches  Forschungsinstitut,  Marstallplatz  8,  D-80539 
Miinchen; 

In  combining  the  principle  four  components,  frame,  eanh  rotation, 
kinematics  and  gravity,  geodesy  fe  on  its  way  to  establish  a  global 
integrated  geodetic  and  geodynamic  observing  system.  The  observing 
system,  in  order  to  meet  its  objectives,  has  to  combine  greatest  measure¬ 
ment  precision  (10**-8  to  10*^-9,  relatively)  with  spatial  and  temporal 
consistency  and  stability  over  decades.  Aspects  such  as  the  detinition  of 
a  tcrrrestrial  reference  frame,  its  time  evolution,  its  consistency  with 
gravity  modelling  but  also  the  establishment  of  a  unified  global  height 
system  will  have  to  receive  greatest  attention.  In  particular  it  is  to  be 
avoided  that  changes  in  datum  parameters  interfer  with  geophysical 
parameters  such  as  the  motion  of  the  center  of  mass,  crustal  motion  or 
polar  wander. 


ERROR  SOURCES  FOR  GRAVITY  FIELD  MISSIONS  IN  SPACE 
AND  THEIR  EFFECT  ON  THE  FINAL  RESULTS 
J.  Muller  and  N.  Sneeuw 

Institute  for  Astronomical  Physical  Geodesy,  Technical  University  Munich, 
80290  Munich,  Germany. 

jxmxCalpha.fesg.tu-~muenchen.de/Fax:  [-1-1-49]  89  289  23178 
During  the  last  years  several  satellite  missions  for  the  determination  of  the 
Earth’s  gravity  field  with  high  accuracy  have  been  investigated  (e.g.  GRACE, 
GOCE).  These  missions  are  based  upon  two  different  measurement  concepts: 
gradiometry,  i.e.  the  measurement  of  differential  accelerations  over  a  short  base¬ 
line  inside  a  spacecraft,  and  satellite-to-satellite  tracking,  the  measurement  of 
ranges  or  range  rates  between  two  satellites  following  each  other. 

Both  concepts  have  their  advantages  and  disadvantages  with  respect  to  the 
modelling  of  the  Earth’s  gravity  field.  They  show  either  a  better  spatial  reso¬ 
lution  or  a  higher  accuracy  depending  on  the  considered  spectral  domain;  also 
the  temporal  resolution  differs. 

We  present  a  discussion  of  the  main  error  sources  (e.g.  center  of  gravity  vari¬ 
ations,  measurement  of  angular  velocities  or  perturbations  by  the  thrusters) 
which  may  limit  the  accuracy  of  each  mission.  Finally  we  give  an  outlook  how 
these  driving  errors  affect  the  end-products  (e.g.  geoid),  especially  how  the 
results  changes  if  some  requirements  cannot  be  kept. 


SUBDUCTION  AND  CONTINENTAL  COLLISION  IN  THE 
MEDITERRANEAN  REGION 
R.  Sahadini 

Dipartimento  di  Scienze  della  Terra,  Sezione  Geofisica,  Via  L.  Cicognara  7, 
1-20129  Milano,  Italy. 

The  Mediterranean  region  is  considered  a  natural  laboratory  for  studying  the 
occurrence  of  extensional  tectonics  due  to  back-arc  extension  in  subduction  en¬ 
vironments.  within  a  context  of  continental  convergence.  Numerical  modelling 
of  the  major  tectonic  mechanisms  allows  us  to  provide  a  quantitative  and  phys¬ 
ical  understanding  of  the  dynamic  evolution  of  the  Mediterranean  region  and 
to  make  predictions  on  future  trends  in  crustal  deformation  rates  which  can  be 
compared  with  ongoing  GPS  campaigns  and  sea-level  changes  along  the  coast¬ 
lines.  Predictions  from  the  physical  modelling  can  also  be  used  to  recognize 
those  areas  subject  to  the  largest  deformation  rates,  which  can  be  relevant  for 
the  planning  of  future  GPS  campaigns.  Results  from  2-D  and  3-D  numerical 
modelling  is  provided  for  a  variety  of  tectonic  environments  in  the  Mediter¬ 
ranean  region,  for  the  past  and  present  day  tectonic  settings,  in  order  to  shed 
light  on  recent  developments  in  the  field  of  the  physical  modelling  of  plate 
tectonic  processes  at  the  Mediterranean  scale. 


C367 


G7  Joint  EGS/AGU  symposium  on  geodetic 
observation  and  geophysical  interpretation  of 
mass  movements  in  the  Earth  system 
(co-sponsored  by  SE) 

Convener:  Dickey,  J.O. 

Co-Convener:  Reigber,  C. 

02  Ocean  and  hydrosphere 

Convener:  Chao,  B.F. 


TEMPORAL  VARIATIONS  OF  CONTINENTAL  LAKES  LEVTL  FROM 
TOPEX/POSEIDON  (IMS-IDM) 

A.  Cazenave  and  F.  Ponchaui 
LEGOS-GRGS/CNES.  Toulouse.  France 

The  water  level  of  continental  lakes  fluctuates  due  to  variations  in  evaporation  and 
precipitations  witliin  their  catchment  basins  in  response  to  regional  climatic 
changes.  Witl\  satellite  altinictr>',  lake  level  variations  can  now  be  monitored 
almost  continuously  with  a  precision  of  few  cm.  Here  we  present  water  level 
changes  of  three  American  Great  Lakes  (Superior.  Michigan  and  Huron)  and  three 
African  lakes  (Tanganyika,  Malawi  and  Turkana)  based  on  4  years  (1993-1996) 
altimetn'  data  of  the  Topex/Poseidon  (T/P)  satellite.  The  level  of  these  lakes  shows 
a  dominant  annual  cycle  highly  correlated  with  precipitations.  American  Great 
Lakes  are  regulated  hence  present  little  interannual  variations.  This  Is  unlike 
African  lakes  which  markedly  respond  to  regional  (possibly  global)  climatic 
changes.  A  large  water  level  decrease  of  lakes  Tanganyika  and  Malawi  (> 
20  cm/yr)  is  observed  by  T/P  for  1993-1996,  This  trend  is  associated  with  recurrent 
droughts  recorded  in  East  and  South  Africa  since  the  early  1990s,  as  a  result  of  Utc 
series  of  recent  ENSO  events. 


TOPEX/POSEIDON  OBSERVATION  AND  GLOBAL  WATER 
MASS  BALANCE 

J.L.  Chen  (1.2).  C.R.  Wilson  (1.2.3).  D.P.  Chambers  (1).  R.S.  Nerem  (1)  and 
B.D.  Tapley  (1) 

(1)  Center  for  Space  Research.  University  of  Texas,  Austin.  T.\  73712.  (2)  De¬ 
partment  of  Geological  Sciences.  University  of  Texas,  Austin,  TX  73712. 
(3)  NAS.A  Headquarters,  Washington  D.C.  20546. 

Analysis  of  TOPEX/Poseidon  satellite  altimeter  data  indicates  that  the  global 
mean  sea  level  variation  has  a  clear  seasonal  signal  with  an  amplitude  of  about 
2  to  3  mm,  along  with  a  long  term  drift.  It  is  generally  believed  that  this 
seasonal  variation  is  associated  with  mass  redistribution  within  the  global  hy- 
drological  cycle  plus  steric  thermal  contributions.  Using  the  NCEP-NCAR  Cli¬ 
mate  Data  Assimilation  System  I  (CD.\S-1).  we  investigate  seasonal  variations 
of  the  integrated  water  vapor  in  the  atmosphere  and  water  storage  changes 
in  the  soil  moisture,  snow,  and  ice.  Total  water  mass  fluctuations  in  the  at¬ 
mosphere.  soil  moisture,  and  snow  depth  fields  are  converted  into  equivalent 
mean  sea  level  variations  by  conserving  the  surface  and  atmosphere  water  mass. 
Predicted  seasonal  global  mean  sea  level  variations  agree  well  with  observed 
sea.sonal  variability  in  both  amplitude  and  phase,  after  a  steric  thermal  correc¬ 
tion  is  applied  to  the  TOPEX/Poseidon  data  using  a  simplified  thermal  model 
derived  from  the  NO.\.A.  World  Ocean  Atlas  1994.  This  result  indicates  that 
the  TOPEX/Poseidon  satellite  altimeter  may  provide  key  information  for  the 
global  water  mass  budget  by  placing  observational  constraints  on  the  mass 
budget  variations  predicted  by  global  atmospheric  and  hydrological  models. 


IMPACT  OF  MANTLE  CONVECTION  ON  EARTH  ORBIT 
PARAMETERS  AND  PALEOCLIMATE 
A.M.  Forte  (1)  and  J.X.  Mitrovica  (2) 

(1)  Institut  de  Physique  du  Globe  de  Paris,  Dept,  de  Sismologie,  France, 

(2)  University  of  Toronto,  Dept,  of  Physics,  Canada. 

We  present  here  the  results  of  a  recent  study  of  the  influence  of  mantle  convec¬ 
tion  on  the  Earth's  orbital  parameters,  namely  obliquity  and  precession  rate, 
and  the  consequent  effect  on  paleoclimate  [Forte  and  Mitrovica.  Nature, 
1997].  The  convective  flow  is  calculated  on  the  basis  of  models  of  the  three- 
dimensional  density  structure  of  the  mantle  that  are  constrained  to  satisfy  a 
large  and  diverse  set  of  global  seismic  and  geodynamic  data.  An  essential  as¬ 
pect  of  this  ongoing  multidisciplinary  study  is  the  simultaneous  consideration 
of  a!!  the  constraints  posed  by  global  seismic  data  (travel  times  and  waveforms), 
convection-related  surface  observables  (plate  motions  and  gravity  anomalies), 
glacial  isostatic  adjustment  data,  geodetic  inferences  of  core-mantle  boundary 
flattening,  and  mineral  physics  data.  Using  viscous  flow  theory  we  determine 
changes  in  the  Earth's  dynamic  elliptkity  over  the  past  20  Ma  and  then  ap¬ 
ply  these  perturbations  to  the  many-body  orbital  solution  of  Laskar  et  al. 
(1993).  We  thus  find  that  convection-induced  changes  in  the  Earth's  flattening 
significantly  affect  time  variations  in  the  obliquity,  precession  rate,  and  hence 
high-latitude  summer  insolation.  This  result  has  significant  implications  for  the 
interpretation  of  climatic  cycles  recorded  in  sedimentary  sequences  and  other 
climatic  proxy  records. 


The  Role  of  Ocean  Variability  In  the  Earth's  Gravity  Field  as 
Predicted  From  the  Parallel  Ocean  Climate  Model 

Tliomas  J.  Johnson^  and  Clark  R.  Wilson Center  For  Space  Research,  The 
University  of  Te.xas  at  Austin,  RIOOO,  Austin,  TX.  78712,  512-471-5507, 
(j@csr.utexas.edu:  ^  NASA  Headquarters.  Code  YS,  300  E  St.  SW,  Wash.  D.C. 
20546.  CIark.WiIson@hq.nasa.gov) 

This  research  examines  the  role  of  the  oceans  in  the  temporal  variability  in  the 
Earth's  gravity  field  as  predicted  by  the  Parallel  Ocean  Climate  Model.  TTiis  free- 
surface  high  resolution  ocean  model  allows  the  estimation  of  variability  in  the 
Stokes  coefficients  resulting  from  mass  redistribution  forced  by  wind  fields  and 
heat  flu.xcs  predicted  from  an  operation  meteorological  center.  First,  we  examine 
features  of  the  Eanh’s  temporally  varying  gravity  field  that  are  observable  with 
modem  space  geodetic  techniques  by  computing  lime  variations  in  the  Stokes 
coefficients  using  the  model’s  mass  fields.  Next,  we  estimate  the  zonal  harmonics 
as  well  as  the  "effective"  J2  and  "effective"  J3  time  series  using  sensitivities  from 
the  LAGEOS  satellites,  Finally,  comparisons  to  the  observed  temporal  variability 
in  the  gravity  field  show  that  oceanic  mass  redistribution  appears  to  explain  some 
of  the  variations  unaccounted  for  by  atmospheric  mass  redistribution  and 
continental  water  storage. 


ESTIM.ATES  OF  LARGE  SCALE  CHANGES  OF  M.ASS  IN  THE  OCE.ANS 
FROM  SATELLITES. 

Per  Knudsen  and  Ole  Baltazar  Andersen  (Kon  &  Mairikelstyrelsen. 

Reniemesiervej  8,  2400  Copenhagen  NV.  Denmark,  E-mail:  pk(5kms. mln.dk. 
oaJakms.min.dk) 

Satellite  observ  ations  of  the  sea  level  and  the  sea  surface  temperature  have  been  used 
in  a  global  analysis  of  the  variations  in  those  quantities  over  about  four  years.  Some 
similarities  between  the  changes  in  the  sea  level  and  the  sea  surface  temperature  exist 
which  indicate  that  parts  of  the  changes  in  sea  level  are  caused  by  thermal  expansion 
of  the  ocean  water  column.  Especially,  at  mid  latitudes  the  annual  cycles  of  the  two 
quantities  are  highly  correlated.  A  quantitative  analysis  of  the  results  may  provide 
information  about  the  relation  between  sea  level  and  sea  surface  temperature  changes. 
In  this  study  the  large  scale  variations  of  the  sea  level  and  the  sea  surface  temperature 
are  described.  Then  the  thermal  expansion  is  extracted,  so  that  the  changes  in  mass  are 
obtained. 
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IMPACT  OF  GRACE  GRAVITY  MISSION  ON*  OCEAN  STUDIES 

G.S.E.  Lagerloef  (1).  J.  M.  Wahr  (2)  and  F.  Bryan  (3) 

(1)  Earth  and  Space  Research,  Seattle.  VVA  98102  USA.  (2)  University  of 
Colorado.  Boulder.  CO  30309.  USA.  (3}  N'CAR.  POB  3000.  Boulder.  Co.  30307. 
USA. 

lagerloefOesr.org/Fax;  206-726-0524 

For  computing  surface  geostrophic  currents,  errors  in  the  GR.A,CE  geoid  will 
exceed  altimeter  errors  on  scales  less  than  300  km.  Prior  to  GR.^CE,  thi> 
length  scale  is  2000-3000  km.  GR.\CE  will  thus  substantially  improve  esti¬ 
mates  of  global  surface  circhilation  and  its  impact  on  heal  flux.  \Ve  find  that 
the  uncertainty  in  surface  mixed  layer  heat  advection  will  be  jlO  \Vm2  in  the 
North  Pacific.  Time-varying  gravity  measurements  are  expected  to  resolve  mass 
variations  in  the  ocean  of  the  equivalent  of  1-3  mm  water  thickness  on  circle 
radii  300  km  and  seasonal  and  longer  lime  scales.  As  an  indicator  of  the 
variation  of  the  vertically  integrated  mass  of  a  water  column,  or  the  equivalent 
bottom  pressure,  these  gravity  measurements  will  provide  a  coarse  view  of  the 
ba.'sin-scale  abyssal  pressure  field  variations  and  the  associated  deep  geostrophic 
circulation  as  has  never  been  possible  before.  Secondly,  when  combined  with 
satellite  altimeter  data,  the  difference  will  allow  the  separation  ofthesteric  com¬ 
ponent  of  sea  level  variability,  since  the  gravity  signal  represents  the  non-steric 
(barotropic)  portion.  The  sleric  term  thus  derived  can  serve  as  an  indicator  of 
ocean  heat  storage  variabiliiv  We  will  present  simulations  using  output  from 
state-of-the-art  ocean  general  circulation  models  (OGCMs)  of  the  seasonal  and 
interannual  ocean  gravity  and  steric  signals  that  may  be  observed  in  this  man¬ 
ner  with  GR.\CE  data. 


atmospheric  and  ocean  loading  in  GPS  AND  VLBI. 

H,-G.  Scheriieck  (1),  R.  Hias  (1)  aad  K.H.  Webb  (2) 

(1)  Chalmers  Unlv.  of  Techaology,  OnsaU  Space  Observatory,  S-439  92  Ouaala, 
Sweden,  (2)  JPL/Caltech  2.38-600,  4800  Oak  Grove  Dr.,  Pasadena,  CA  91190. 
hgaSoso. Chalmers  .sa/Fioc:  [-rdO]  31-772-5500 

The  pliysical  process  as  well  as  the  computational  procedures  of  ocean  loading 
tides  and  atmospheric  loading  will  be  reviewed  in  this  pre.sentaiion.  The  impact 
of  loading  effects  is  shown  in  the  cates  of  several  techniques.  Special  attention 
is  payed  on  observing  the  fully  3-D  short-period  motion  as  ob3erv,able  by  CPS 
and  VLBI.  In  particular  the  observed  lunar  tidal  species  show  good  agreement 
with  the  model  while  solar  species  arc  perturbed  by  anomalies  at  the  sidereal 
period  and  its  upper  harmonics,  probably  relating  to  orbit  errors. 

We  point  out  implications  of  lo,ad-induced  motion  with  iespe.:t  to  motion  of 
the  origin  of  the  reference  frame  and  carefully  di3tingui.sh  this  motion  from 
deformations  at  spherical  harmonic  degree  one.  VVe  show  a  comp.arison  from  a 
number  of  ocean  tide  models  Inclnding  recent  results  from  Topex/Poscidon. 
The  situation  of  .atmospheric  loading  appc.ar3  less  cleat.  Focussing  on  Northern 
Europe,  previous  work  arrived  at  a  very  low  impact  of  loading  predictions  on 
residual  error  and  low  figures  of  signal  admittance  in  VLBI  and  GPS.  Analysis 
of  GPS  in  the  BIFROST  project  as  well  as  VLBI  experiments  lend  to  confirm 
this  finding.  As  the  number  of  observations  grow,  admittance  homes  in  on 
values  between  0.2  aitd  0.5  (predicted  versus  observed  loading  effect).  The  span 
is  outside  the  lirnlts  within  which  the  inverted/noniverted  or  even  a  dynamic 
barometer  ocean  response  operate.  Thus  we  tend  to  conclude  absorption  of  tlic 
effect  into  other  parameters,  primarily  the  Iropoihctlc  wave  propagaton  delay. 
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ICE  FLOW  VELOCITV  PAITERN  OVER  DJANKUAT  GLACEU  IN  THE 
CALCASL'S 

M.A.,4ltymlipv,  V.  V'.Pooovmn  and  Ye.A.Zololaryov  (Geographical  Faculty.  Moscoar 
Stau  Utiiverslty.  Leninskiye  Gory,  I19S99  Moscow.  RUSSIA: 
begemot^xljttnkual.msk  ru) 

The  field  of  supcrfici.d  ice  flow  velocities  of  compound  Djankuat  Glacier,  Central 
Caucasus,  consisting  of  several  ice  streams,  was  investigated  by  means  of  geodetic 
methods.  Hor/eonta:  and  venical  components  of  ice  flow  vector  were  determined  by 
intersection.  For  the  first  time  they  were  estimated  over  *e  entire  area  of  Djankuat 
Glacier.  Absolute  values  of  horizontal  component  average  to  5-10  cm/day  on  the 
snout  and  10-20  cm/d.ay  in  the  accumulation  area.  As  for  vertical  component,  it  vvas 
calculated  as  a  difference  between  surface  hypsometry  changes  a.-.d  specific  ablation 
rati:  hereby,  their  vectors  are  directed  mainly  downwards  in  the  Cm  basin  and 
upwards  on  the  snout.  Detailed  glacier  m.ovement  monitoring  throughout  3  last 
observation  ye.ars  reveals  also  peculiarities  of  its  inira-seasonal  dyna-mics  during 
melting  season  for  die  whole  glacier  surface  a.nd  of  its  inter-seasonal  dynamics  for  the 
ablation  area.  Identification  of  the  uneven  ice  divide  within  the  divergent  flat  fiiT. 
plateau  at  the  crest  zone  by  means  of  geodetic  measurements  and  pseudo-paralla-x 
stereophotozrammcirical  method  discloses  its  migrating  pattern  during  not  only  Is 
last  years  ofinsu-umcnial  control  but  over  many  decades  by  indirect  witness.  Traces 
of  kinematic  wave  engendered  by  the  recent  ice  mass  redistribution  within  the  plateau 
cun  be  detected  from  the  suhseqtient  alteration  of  Djankuat  Glacier  hypsometry. 
Possible  reasons  of  ice  divide  migr-aticn  are  concerned  too. 


Review  of  S.\R  applications  in  Antarctic  glacioiogical  research. 

Christopher  Doake 

British  Antarctic  Survey,  Madingley  Road,  Cambridge  CB3  OET,  UK 
csmd@bas.ac.uk 

Polar  ice  sheets  play  an  important  role  in  the  dynamic  earth  system.  Their  mass  varies 
over  time  scales  of  hundreds  to  thousands  of  years,  interacting  with  the  atmosphere, 
ocean  and  lithosphere.  SAR  interferometry  has  proved  to  be  a  very  successful 
technique  for  determining  continuous  surface  velocity  fields.  However,  to  determine 
the  satellite  baseline  accurately  requires  ground  control  of  comparable  accuracy.  In 
areas  where  there  is  no  fixed  markers,  the  best  achievable  accuracy  has  been  obtained 
from  using  ground  surveys  and  GPS  positioning  for  lie  points.  A  full  three-dimensional 
solution  is  not  possible  with  only  one,  or  at  most  two,  different  look  directions  and 
additional  assumptions  have  to  be  made.  Vertical  movement  caused  by  tides  can  be 
identified  around  the  grounding  line  and  is  the  clearest  way  of  determining  its  position. 
Differential  interferometry,  with  two  or  more  coherent  pairs  of  S.4R  images,  allows 
a  uniform  velocity  field  to  be  subtracted  to  leave  the  topographic  signature.  Experience 
show's  that  coherence  cannot  be  guaranteed  even  for  favourable  baselines  (usually  less 
than  a  few  hundred  metres)  because  of  rearrangement  of  the  surface  by  snow  fall  or 
wind  induced  drift.  SAR  amplitude  images  are  excellent  for  discriminating  areas  with 
high  backscatter  Values,  caused  often  by  crevassing.  Ice  stream  margins  are  easily 
distinguished  and  well  defined.  In  the  warmer  coastal  regions,  the  surface  backscatter 
shows  a  strong  seasonal  variation  which  can  be  used  to  measure  the  length  of  the 
summer  melt  period,  a  parameter  of  some  climatological  interest. 
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TEMPORAL  VARIATIONS  OF  THE  GEOPOTENTIAL: 
ATMOSPHERIC  EXCITATION 

J.  O.  Dickey,  D.  Dong  and  R.  S.  Gross 

Jet  Propulsion  Laboratory,  California  Institute  of  Technology,  Pasadena,  CA 
91109. 

jodfllogos.jpl.naaa.gov/Fax:  [1]  (818)  393-6890 

The  Earth  is  a  complex  system  with  dynamical  subsystems  (such  as  the  over- 
lying  fluid  hydrosphere  and  atmosphere,  underlying  metallic  core,  and  mantle) 
with  complicated  interactions  among  them  (such  as  the  melting  of  glaciers,  sea 
level  rise,  and  post-glacial  rebound).  Changes  in  the  inertia  tensor  of  the  solid 
Earth  are  brought  about  by  interfacial  stresses,  the  gravitational  attractions  as¬ 
sociated  with  astronomical  objects  and  mass  redistributions  in  the  Earth’s  fluid 
and  solid  region.  As  the  Earth’s  gravitational  field  changes  only  in  response  to 
net  mass  redistribution,  observations  and  analysis  of  the  Earth's  time  varying 
global  gravitational  field  permits  the  isolation  and  study  of  the  changing  mass 
distributions  and  serves  as  a  geophysical  indicator.  Intraseasonal  through  inter¬ 
annual  variations  in  the  Earth's  gravitational  field  are  investigated  through  the 
analysis  of  LAGEOS  1  satellite  laser  ranging  measurements  and  are  compared 
with  those  produced  by  atmospheric  mass  redistribution  as  inferred  from  global 
surface  pressure  data  from  the  National  Center  for  Environmental  Prediction 
(NCEP).  The  technique  of  Singular  Spectrum  Analysis  (SSA)  is  applied;  im¬ 
plications  of  results  will  be  discussed. 


MASS  MOVEMENTS  INSIDE  THE  SOLID  EARTH  INDUCED  BY 
ATMOSPHERE,  OCEANS  AND  SOLID  EARTH  INTERACTIONS 
P.  Gegout 

Jet  Propulsion  Laboratory,  Pasadena,  CA  91109,  USA. 

Pascal . Gegoutfl jpl . nasa . gov 

Global  atmospheric  loading  induces  various  interactions  between  atmosphere 
and  oceans,  between  atmosphere  and  solid  earth  and  between  solid  earth  and 
oceans.  We*  consider  the  static  response  of  non-global  oceans  overlying  an  elastic 
Earth  which  is  induced  by  the  atmospheric  loading  located  over  the  continents. 
Our  model  take  into  account  the  significant  oceanic  response  associated  with 
the  continental  atmospheric  loading,  relative  to  ocean  -  solid  earth  interaction. 
Temporal  variations  of  the  gravity  field  and  geodetic  sites  positions  driven  by 
global  atmospheric  loading  and  non-global  oceanic  loading  are  derived  using 
a  global  atmospheric  pressure  data  set  provided  by  the  European  Center  for 
Medium  range  Weather  Forecasts. 


CLIMATE  CYCLES  IN  GRAVITY  FIELD  VARIATIONS. 

H.  Jochmann 

GeoForschungsZentrum  Potsdam,  Telegrafenberg  A 17,  D- 14473 
Potsdam 

Global  change  is  generally  accompanied  by  mass  redistributions.  These 
are  caused  by  mass  exchanges  between  the  hydrosphere  and 
cryosphere,  changes  within  the  hydrological  cycle,  and  within  the 
atmospheric  circulation.The  influence  of  atmospheric  circulation  on 
variations  of  the  gravity  field  was  studied  using  air  pressure  variations 
from  1900  to  1988.  The  calculation  of  the  amplitude  spectra  of 
different  Stokes  coefficients  showed  that  the  amplitudes  of  climate 
cycles  are  in  the  same  order  of  magnitude  as  those  of  seasonal 
variations.  The  most  evident  signals  of  climate  cycles  are  contained  in 
the  variation  of  the  gravity  centre. 


VARUTIONS  IN  THE  DISTRIBUTION  OF  ATMOSPHERIC  MASS 
Roland  A.  Madden 

National  Center  for  Atmospheric  Research 
ram@ncar.ucar.edu/Fax:  303  497-1333 

Changes  in  the  distribution  of  atmospheric  mass  over  the  earth  on  time 
scales  ranging  from  seasonal  to  semidiurnal  are  described.  The  role  of 
water  vapor  is  outlined.  Model  and  observed  data  are  used  to  estimate 
resulting  semidiurnal  variations  in  mountain  torques. 


INFORMATION  ABOUT  THE  ATMOSPHERE  DERIVED  FROM 
GPS  OBSERVATIONS 

M.  Rothacher  and  G.  Beutler 

Astronomical  Institute,  University  of  Berne,  Berne,  Switzerland. 
rothacherOaiub.unibe.ch/Fax:  [+41]  31-631-3869 

GPS  data  contains  a  lot  of  information  about  the  atmosphere,  either  directly 
in  the  observations  or  in  the  geophysical  parameters  estimated  from  GPS  data. 
The  atmosphere,  as  a  refractive  medium,  directly  delays  the  microwave  satel¬ 
lite  signals.  In  order  to  model  the  tropospheric  refraction  appropriately,  zenith 
delays  and,  recently,  also  troposphere  gradients  are  estimated  from  the  obser¬ 
vations  for  each  site.  Times  series  of  such  estimates  may  be  studied  to  obtain 
information  about  the  atmosphere  and  the  climate  (e.g.  the  integrated  precip- 
itable  water  vapor  (IPWV))  on  short  and  long  time  scales. 

The  indirect  effect  of  the  atmospheric  pressure  on  the  continental  plates  (called 
atmospheric  loading)  causes  variations  of  a  few  millimeters  in  the  height  compo¬ 
nents  of  the  individual  tracking  sites  and  is  difficult  to  detect.  Clearly  visible  is, 
however,  the  integrated  effect  of  atmospheric  pressure  and  winds  on  the  Earth 
rotation  parameters.  The  correlation  between  length  of  day  and  atmospheric 
angular  momentum  (AAM)  is  especially  pronounced. 

The  Center  for  Orbit  Determination  in  Europe  (CODE)  is  producing  daily 
solutions  since  June  26,  1992.  using  the  GPS  data  of  the  global  IGS  network. 
The  resulting  time  series  are  analysed  to  see  the  variations  in  the  atmosphere 
and  their  impact  on  polar  motion  and  length  of  day. 
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GEOPHYSICAL  SIGNALS  REVEALED  FROM  GPS 
POSITION  MEASUREMENTS 


o 


OBSERVING  SURFACE  DISPLACEMENTS  THROUGH  INTE¬ 
GRATED  SPACE  TECHNIQUES 

Yehuda  Bock.  Evelyn  Price,  David  Sandwell,  Karen  VV'atson,  Simon  Williams 
and  Y.  Bock 

Cecil  H.  and  Ida  M.  Green  Institute  of  Geophysics  and  Planetary  Physics, 
Scripps  Institution  of  Oceanography,  La  Jolla,  California  92093-0225,  USA. 
ybockCucsd.edu/Fa.'v:  [1]  619  534  9873 

We  discuss  the  integration  of  Global  Positioning  System  (GPS)  and  Integrated 
Synthetic  Aperture  Radar  (INSAR)  technologies  for  monitoring  surface  dis- 
piaceraents.  Continuous  GPS  provides  highly  accurate  and  temporally  dense 
observations,  while  INSAR  provide  somewhat  less  accurate  but  spatially  dense 
observations.  We  review  our  approach  to  analyzing  these  data  which  takes  into 
account  the  strengths  of  one  technique  to  reduce  the  major  errors  and  de¬ 
ficiencies  in  the  other  technique.  We  demonstrate  our  approach  by  evaluating 
coseismic  and  postseismic  surface  displacements  induced  by  the  1992  (Mw=7.3) 
Landers  and  the  1994  (Mw=6.7)  Northridge  earthquakes  in  southern  California, 
and  subsidence  in  the  Los  Angeles  basin.  Furthermore,  we  test  the  feasibility 
of  using  the  integrated  GPS/INSAR  technique  to  monitor  interseismic  strain 
in  the  Los  .\ngeles  basin. 


GEOCENTER  VARIATIONS  DERIVED  FROM  4  YEARS  OF  DATA  OF 
THE  DORIS  SPACE  SYSTEM.  COMPARISON  WITH  SURFACE 
LOADING  DATA. 

F.  Bouille.  A.  Cazenave,  L.  Soudarin  and  J.F.  Critau.'t 
LEGOS-GRGS/CNES,  Toulouse,  Fiance 


S.Y.  Zhu.  Ch.  Reigber,  Z.  Kang  and  Y.Q.  Yu 

GeoForschungsZentrum  Potsdam,  Telegrafenberg  A  17,  D- 14473 
Potsdain,Fax+49  331  288  1111 

GPS  observations  of  about  40  stations  distributed  world-wide  are  used 
to  estimate  geodetic  parameters  as,  e.g.,  the  daily  geocenter  position 
and  station  coordinates.  For  our  investigation,  data  of  the  time  span 
June  1995  to  December  1996  were  analyzed.  The  time  series  of  station 
positions  was  used  for  spectral  analyses.  Results  show  that  major 
periods  are  seasonal.  Besides,  fortnightly  periods  and  a  few  other 
periods  were  perceptible.  Atmospheric  pressure  loading  effects  were 
compared  with  estimated  vertical  positions.  It  was  found  that  pressure 
loading  signals  are  clearly  visible  in  vertical  station  positions.  On  the 
other  hand,  the  vertical  as  well  as  horizontal  position  variations  reveal 
several  very  interesting  characteristics,  which  need  new  geophysical 
explanatidhs. 
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GRAVlTAnONAL  INTERACTION  BETWEEN  THE  EARTH'S  ENVELOPS, 
THE  MOON,  THE  SUN  AND  GEODYNAMIC  CONSF.QUENCF-S 

Yu.V.Barkin  (  Sicmberg  .Aslronomical  lustinile,  MSU,  Uuivcrsilctskij  pr-l,1.3, 
119399,Mo.«;ow.  Russia;  e-mail:  barkin@sai.msu.siO 

Dyiiainic  paraincicrs  (coordiiiales  of  Uic  mass  ccniers,  axial  and  cenuifugal 
mmneiits  of  Inertia  and  olhers)  of  corresponding  models  of  Uic  iioiisymmciric 
Earth’s  envelops:  cnisi,  lithospliere  (and  separate  plates),  mantle,  supper  mantle, 
liquid  core  and  also  of  the  envelopes  of  Itelcrogeneilics:  topography,  water  and  ice 
envelopes,  lielcmgcneilies  on  the  boundaric,s  of  the  cnvolopcs  (Mocho,  core-mantle 
and  olh.)  (Barkin,  199.5)  were  obtained  The  basis  of  lliis  consiruelion  is  Ihc 
Dzlewonski.  Morclli  model  of  Ihc  Earth’s  cnncemric  envelopes  (1981)  and  diffcronl 
models  of  the  surfaces  of  the  boundaries  of  the  envelopes  and  data  about  Uieir 
densities  redislribution  (Balmiiio,  Laiuboek,  Kaul,i.  1973;  Morelli,  Dziewonski, 
1987;  Cliujkova,  Maksimova,  1990)  and  olli.  Principal  vectors  and  principal 
moments  of  the  gravitational  forces  of  the  miilual  inteiaclioiis  of  the  envelopes ,  of 
the  forces  acting  on  the  every  local  envelopes  (and  each  plate)  from  Ibe  Moon  and 
the  Sun,  principal  vectors  of  inertia  forces  and  their  principal  moments  due  to 
Earth’s  rotation  have  been  defined  and  their  components  have  been  calculated. 
Important  correlations  of  the  directions  of  above  mentioned  force  characlerics  willi 
lithosphere  rotation,  with  palcomigration  of  the  Earth’s  pole  ,  with  orientation  of 
the  axes  of  litliospheric  (gcodyuamic)  reference  syslcm  (Barkin.  1995),  with 
magnetic  center  position  have  been  established.  Individual  envelope's  contributiotis 
in  observed  dyttamic  effects  of  the  Earth’s  roLslion  (in  chatidler’s  polo  motion  in 
precession  and  nutation  and  oilt.)  arc  evaluated. 


Time  series  of  the  three  geocenter  components  have  been  estimated  at  monthly 
interval  over  four  complete  years  (1993-1996)  from  Doris  data  on  Spot-2,  Spot-3 
and  Tope.x-Poseidon.  Doris  allows  3-D  absolute  positioning  by  solving 
simultaneously  the  satellite  orbit,  3-D  station  coordinates  and  velocities  and  Earth 
rotation  parameters.  Differences  between  successive  monthly  coordinate  solutions 
for  the  whole  Doris  network  (50  stations)  and  a  reference  multi-year  solution  have 
been  minimized  by  adjusting  classical  translation,  rotation  and  scale  factor 
parameters.  Time  variations  of  the  uanslation  parameters  are  inteipreted  as  the 
geocenter  motion  for  1993-1996  relatively  to  the  Earth  center  of  mass.  For  each 
coordinate  the  dominant  signal  is  annual.  Amplitudes  are  3.4  mm,  4  mm  and  4  mm 
on  X,  Y  and  Z  geocenter  coordinates  respectively.  Maxima  on  Y  and  Z  occur  in 
autumn  and  iate  spring  in  X.  We  compared  the  Doris-derived  geocenter  motion 
with  the  annual  surface  mass  redistribution  within  the  atmosphere,  ocean  and 
continent  sustem.  The  atmospheric  effect  has  been  estimated  from  ECMWF 
pressure  field.  Ocean  effects  (circulation  and  sea  level)  have  been  deduced  from 
Topex-Poseidon  and  the  hydrological  contribution  has  been  estimated  from  global 
GEWEX  data.  Although  each  data  set  has  some  uncertainty,  in  particular  the 
hydrological  one,  the  comparison  between  observed  and  estimated  annual 
geocenter  motion  is  quite  good. 
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SEASONAL  WATER  MASS  REDISTRIBUTION  BETWEEN  OCEANS, 
ATMOSPHERE  AND  CONTINENTS 

A.  Cazenave  fU.  F.  Mercier(l),  M.C.  Gennero  (1)  and  J.F.  Minster  (2) 

(1)  LEGOS-GRGS/CNES,  Toulouse,  France,  (2)  CNRS/INSU,  Paris,  France 

Satellite  altimetry  from  Topex-Poseidon  and  ERS-1  allows  now  to  accurately 
estimate  seasonal  changes  in  the  global  mean  sea  level.  Since  we  consider  global 
averages,  the  observed  changes  can  be  accounted  for  by  steric  effects  plus 
exchange  of  water  within  the  ocean,  atmosphere,  continent  system.  From  the 
several  years  of  altimetry  time-series  available  for  both  Topex-Poseidon  and  ERS- 
1,  we  have  determined  the  global  mean  sea  level  aimual  cycle.  Its  amplitude  is 
5  mm  with  maxima  early  October.  Using  the  Levitus  et  al.  (1994)  climatology 
giving  temperature  and  salinity  fields  at  different  ocean  depths,  we  have  computed 
the  steric  component  due  to  annual  thermal  expansion  of  the  oceans  and  removed 
it  from  the  altimetry-derived  observed  sea  level.  The  residual  sea  level  cycle  can 
be  accounted  for  by  water  mass  exchange  with  the  atmosphere  and  continents. 
Besides  atmospheric  precipitable  water,  we  considered  the  continental  water  cycle. 
The  latter  includes  precipitations  (rain  and  snow),  evapotranspiration  and  river 
runoff.  The  continental  water  contribution  has  been  estimated  from  different 
hydrological  data  sets.  The  comparison  between  altimetry-derived  sea  level 
variation  (steric  effects  removed)  and  predicted  sea  level  (from  atmospheric  water 
vapor  and  continental  hydrology)  is  very  compelling,  considering  tlie  rather  large 
uncertainty  affecting  the  continental  water  budget. 


EROSION,  MOUNTAIN  BUILDING  AND  OCEAN  VOLUME 
CHANGE.  HOW  DO  THESE  INTERACT? 

C.  G.  A.  Harrison. 

University  of  Miami 
charrison@rsmas.miami.edu 

New  calculations  are  done  to  derive  erosion  rates  for  river  basins. 
These  rates  depend  mainly  on  precipitation  or  runoff,  slopes,  & 
temperatures.  The  results  can  be  used  to  derive  average  erosion  rates 
for  continents.  Because  of  the  great  size  of  continents,  the  main 
variable  which  controls  erosion  is  the  average  continental  elevation. 
These  erosion  rates  are  balanced  by  mountain  building,  which  in  turn 
is  controlled  by  the  heat  generated  within  Earth,  thus  decreasing  with 
time.  It  is  therefore  possible  to  calculate  the  time  varying  average 
freeboard.  Proposals  have  been  made  that  Earth  is  being  bombarded 
by  small  cometary  objects,  which  could  be  adding  significant  amounts 
of  water  to  Earth.  This  addition  of  water  can  be  factored  in,  to 
determine  how  continental  area,  continental  thickness,  &  oceanic 
depth  vary  with  age.  These  quantities  are  so  poorly  known  that  it  is 
impossible  to  use  geological  evidence  to  limit  the  rate  of  water 
addition. 


ANTARCTIC  CRUSTAL  RESPONSE  PREDICTIONS  FROM  THE 
CLIMAP  RECONSTRUCTION  AND  ITS  POSSIBLE  SUCCESSORS 

T.  S.  James  (1),  E.  R.  Ivins  (2),  and  C.  A.  Raymond  (2) 

(1)  Geological  Survey  of  Canada,  British  Columbia,  james@pgc.nrcan.gc.ca  (2) 
Jet  Propulsion  Laboratory,  California,  eri@scnl.jpl, nasa.gov 

The  CLIMAP  study  of  Denton  and  others,  presented  in  the  early  1980’s,  features 
a  continental-scale  ice  dome  over  East  Antarctica  and  a  much  smaller  dome  in 
the  Antarctic  Peninsula  at  Last  Glacial  Maximum  (LGM).  Since  that  study  a 
variety  of  new  observations  relating  to  the  extent  and  thickness  of  the  Antarctic 
ice  sheet  at  LGM,  as  well  as  the  timing  of  its  subsequent  partial  collapse,  have 
become  available.  Consequently,  an  update  to  the  CLIMAP  reconstruction 
presented  by  Denton,  Prentice,  and  Burckle  [1991]  (D91  model)  features 
important  changes,  including  a  smaller  East  Antarctic  dome  and  three  domes  in 
West  Antarctica.  Viscoelastic  crustal  response  predictions  (vertical  and  horizontal 
crustal  motion  and  secular  solid-surface  gravity  change)  are  substantial  for  both 
models,  reaching  values  in  excess  of  5  mm/yr  (uplift)  over  large  regions  of  West 
Antarctica,  for  a  wide  range  of  plausible  choices  of  mantle  viscosity  and  timing 
of  deglaciation.  These  large  rates  are  in  general  agreement  with  the  substantia! 
uplift  rates  inferred  in  some  recent  three-dimensional  ice  sheet  modelling.  In 
detail,  the  spatial  patterns  of  crustal  response  diverge  by  a  factor  of  two  or  more 
at  some  inland  sites  in  West  Antarctica.  Combining  deglaciaiion  scenarios  with 
scenarios  of  present  day  mass  change  previously  developed  for  secular 
gravitational  Iwmonic  (j/)  studies  reveals  inland  sites  where  an  appropriate 
multi-year  monitoring  program  could  help  discriminate  between  competing 
scenarios  of  past  and  present  day  Antarctic  ice  mass  balance. 


INTERACTIONS  BETWEEN  OCEANS,  ICE  AND  SOLID 
EARTH:  GLACIAL  REBOUND  IN  NORTHWESTERN  EUROPE 
AND  THE  EVOLUTION  OF  THE  BALTIC  SEA 

K.  Lambeck 

Research  School  of  Earth  Sciences,  Australian  National  University,  Canberra, 
ACT  0200,  Australia. 

The  nature  of  the  interactions  between  the  Late  Pleistocene  ice  sheets,  the 
oceans  and  the  solid  earth  are  well  understood  and  the  observational  evidence  is 
such  that  reliable  parameters  can  be  estimated  that  quantify  the  main  features 
of  these  models;  namely  a  set  of  effective  rheological  parameters  describing  the 
Earth’s  response  and  the  volumes  of  ice  involved.  The  degree  of  refinement  in 
these  models  has  also  now  reached  the  stage  where  it  becomes  possible  to  model 
in  detail  the  evolution  of  sea  and  lake  levels  in  coastal  regions  and  this  will  be 
illustrated  for  the  case  of  the  Baltic  Sea  which,  since  the  last  major  ice  sheets 
over  the  region,  evolved  from  a  series  of  ice  lakes  (culminating  in  the  Baltic  Ice 
Lake)  to  an  alternating  sequence  of  marine  (Yoldia  and  Litorina  stages)  and 
non-marine  (Ancylus  stage)  environments.  Comparisons  of  model  predictions 
and  observations  will  be  made  to  establish  the  time  scale  for  this  evolution. 
Results  will  also  be  given  for  intervals  going  back  to  the  Eemian. 


EARTHCENTER  MOTION  FROM  LAGEOS  1+2  LASER  RANGING: 
COMPARISONS  WITH  GEOPHYSICAL  FLUIDS  SERIES. 

Erricos  C  Pavlis 

Joint  Center  for  Earth  System  Techn.  (JCET),  Univ.  of  Maryland  BC  and  NASA 
Goddard  SFC,  Grecnbeli,  MD,  USA;  epavlis@Helraert.gsfc.nasa.gov/Fax:+l-301- 
286-1760 

The  analysis  of  precise  laser  ranging  data  to  LAGEOS  1  and  2  has  been  the  mainstay 
in  defirung  the  geocenter  for  tiie  Terrestrial  Referettce  Frame  (TRF)  solutions  of  the 
International  Earth  Rotation  Service  (lERS)  in  the  past.  Recent  studies  have  mdicaled 
motions  between  the  space-technique-defined  coordinate  origin  and  the  geocenter,  die 
mainly  to  tidal  and  atmospheric/hydrologic  processes.  Our  analysis  covers  the  four 
year  period  from  1993  to  the  end  of  1996.  The  data  were  obtained  from  NASA 
Goddard’s  CDDIS  archive  and  analyzed  using  Goddard’s  GEODYN/SOLVE  H 
software.  The  geoccnier  results  are  based  on  batches  of  fifteen  days  of  data,  during 
which  period  the  orbit  initial  conditions  are  adjusted  and  Earth  orientation  parameters 
are  determined  daily.  The  site  positions  are  fixed  to  a  ’’global”  solution  bakd  on  the 
entire  four  year  period.  Force  and  measurement  models  follow  the  lERS 
Conventions,  except  for  Earth  gravity:  instead  of  the  JGM-3  model  we  have  used  the 
more  recent  EGM-96  model  and  the  associated  ocean  tides  model.  The  scatter  of  the 
three  geocenter  components  is  at  the  3  mm  level  for  x  and  y,  and  1 1  mm  for  z.  The 
series  are  spectrally  analyzed  and  compared  to  series  deriv^  from  observations  and 
models  of  atmospheric,  oceanic  and  hydrologic  processes.  Comparisons  with 
geocenter  series  from  alternate  space  techniques  are  ^so  shown  and  discussed.  The 
highest  resolution  that  can  be  supported  at  present  by  laser  ranging  is  also  discussed. 


EXOGENIC  DEFORMATIONS  OF  THE  EARTH  DUE  TO  ATMO¬ 
SPHERE  AND  OCEAN  LOADING 
H.-P.  Plag 
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Deformations  of  the  Earth’s  surfaces  are  increasingly  observed  with  space- 
geodetic  techniques.  Mass  movements  in  the  atmosphere  and  ocean  load  the 
Earth  surface  and  consequently  deform  the  viscoelastic  Earth  and  induce  a 
gravity  signal.  For  many  studies  of  Earth  dynamics,  these  deformations  and 
gravity  changes  constitute  a  disturbing  noise.  However,  observed  deformations 
also  carry  valuable  information  on  the  viscoelastic  properties  of  the  Earth  at 
frequencies  outside  the  seismic  band.  To  model  exogenic  deformations,  both 
an  Earth  model  and  the  loading  function  are  required.  The  Earth  model  usu¬ 
ally  used  for  computations  is  spherically  symmetric,  non-rotating,  elastic  and 
isotropic  (SNREI).  While  most  of  these  simplifications  can  easily  be  justified, 
the  spherical  symmetry  constitutes  a  serious  deficit  of  the  Earth  model  as  it 
is  not  accounting  for  the  large  lateral  heterogeneities  in  the  Earth’s  crust.  For 
the  combined  atmosphere-ocean  loading,  the  interaction  between  atmosphere 
and  ocean  has  to  be  taken  into  account.  Particularly  the  frequency-dependent 
response  of  the  ocean  to  air-pressure  changes  is  globally  still  not  sufficiently 
known  from  observations.  Both,  coastal  tide  gauges  and  satellite  altimetry  data 
suggest  considerable  deviations  from  the  most  often  applied  no-response  and 
inverted-barometer  models.  Moreover,  in  many  geographical  regions,  the  avail¬ 
able  air  pressure  data  may  be  insufficient. 
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ON  THE  RELATIONSHIPS  BETWEEN  SEA  ICE  EXTENT  AND 
ATMOSPHERIC  CIRCULATION  IN  THE  NORTHERN  HEMISPHERE 

Budong  Qian  (1),  Gongbing  Peng  (2),  Jo6o  Corte-Real  (1),  Lixin  Qi  (2) 
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Lisbon,Portugal  (2)Institute  of  Geography,  Chinese  Academy  of  Sciences,  Beijing, 
China)  e-mail:  bdqian@fc.ul.pt 

Based  on  observed  Arctic  and  Antarctic  sea  ice  extent  data  during  1973-1990,  the 
relationships  between  sea  ice  extent  and  atmospheric  circulation  in  the  northern 
hemisphere  are  discussed,  emphasizing  on  the  influences  of  variability  of  sea  ice 
extent  on  large-scale  characteristics  of  atmospheric  circulation.  The  characteristics  of 
atmospheric  circulation  are  described  by  a  series  of  indices  such  as  the  intensity  of 
west  Pacific  subtropical  high,  the  longitude  of  polar  vortex  and  so  on.  Cross 
correlation  analysis  is  used  in  this  study.  Results  show  that  the  variations  of  sea  ice 
extent  in  both  Polar  Regions  have  responses  in  large-scale  behaviours  of  atmosphenc 
circulation.  In  addition,  subtropical  highs  are  most  significantly  affected  by  the 
variations  of  polar  sea  ice  extent  and  take  an  important  role  in  the  relationships 
between  polar  sea  ice  extent  and  atmospheric  circulation. 


G8  Integrated  studies  of  sea-level  fluctuations  and 
crustal  movements  in  the  Mediterranean  and 
adjacent  regions 

Convener:  Cazenave,  A. 

Co-Convener:  Flag,  H.-P. 


PRESENT-DAY  SEA  LEVEL  CHANGES  IN  THE  MEDITERRANEAN  AND 
BLACK  SEAS  FROM  SATELLITE  ALTIMETRY 

A.  Cazenave  (1),  K.  Dominh  (1),  M.C.  Gennero  (1)  and  F.  Mercier  (1)  and 
P.  Bonnefond  (2) 

(1)  LEGOS-GRGS/CNES,  Toulouse,  France,  (2)  OCA/CERGA,  Grasse,  France 

The  rate  of  present-day  global  sea  level  rise  is  a  central  question  in  the  current 
climate  change  debate  but  no  reliable  estimate  is  yet  available.  Allliough  salellile 
altimetry  records  are  still  quite  short,  global  as  well  as  regional-scale  monitoring  of 
sea  level  changes  has  shown  to  be  feasible  with  the  most  recent  altimetry  missions. 
Here  we  present  results  of  present-day  sea  level  changes  in  the  Mediterranean  and 
Black  seas  based  on  several  years  (April  1992-July  1997)  of  altimetry  data  of 
Topex-Poseidon  and  ERS-1.  We  discuss  both  the  annual  cycle  and  interannual 
signal.  The  annual  cycle  of  the  Mediterranean  sea  is  largely  due  to  theraial 
expansion  of  the  sea  water.  A  small  non  steric  component  is  obsetx'ed  and 
discussed.  At  interannual  time  scale,  the  Mediterranean  sea  level  is  rising  at  a 
mean  rate  of  ~  9.-I-2.  mm/yr.  However,  close  inspection  shows  that  between  spring 
1992  and  winter  1995  the  rate  of  rise  was  quite  small.  From  the  end  of  1995,  an 
accelerated  rise  is  reported.  It  is  worth  mentioning  that  a  similar  behaviour  is 
observed  for  the  global  (ocean-wide)  mean  sea  level.  A  huge  rate  of  rise^  is 
observed  for  the  Black  sea  between  January  1993  and  July  1997.  A  value  of  25  + 
3  mm/yr  is  reported  from  Topex-Poseidon. 


GEODESY  AND  HYDROLOGY 
J.  M.  Wahr  (1)  and  T.  vanDam  (2) 
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CO  80309,  USA,  (2)  NOAA/CIRES,  CB  216,  University  of  Colorado,  Boulder, 
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Measurements  of  changes  in  continental  water  storage  at  scales  of  a  few  hun- 
dred  km  and  larger  are  useful  for  global  climate  modeling,  for  better  under¬ 
standing  large-scale  hydrological  processes,  and  for  monitoring  the  distribution 
of  land-based  water  for  agricultural  and  water  resource  applicatioris  and  flood 
hazard  assessment.  Traditional  hydrological  measurements  provide  information 
at  scales  of  individual  catchments  -  on  the  order  of  lO’s  of  km  and  shorter,  but 
are  not  well  suited  for  providing  large-scale  estimates. 

Large-scale  water  storage  is  accessible,  in  principle,  using  various  types  of 
geodetic  measurements.  Changes  in  the  regional  mass  of  water,  snow,  and 
ice,  can  produce  gravitational  signals  large  enough  to  be  detected  using  ei¬ 
ther  ground-based  or  space-based  gravity  measurements.  Furthermore,  these 
changes  in  mass  load  the  earth  and  the  resulting  deformation  can  be  large 
enough  to  be  detected  using  crustal  motion  observations  from,  for  example, 

GPS.  ,  •  4 

These  hydrological  applications  of  geodetic  measurements  have  as  yet  received 
little  attention.  That  will  likely  change  as  the  geodetic  techniques  continue 
to  mature  and  their  non-secular  systematic  error  sources  become  better  un¬ 
derstood.  Particularly  promising  is  the  expected  2001  launch  of  GRACE:  a 
dedicated-gravity  satellite  mission  capabie  of  detecting  changes  in  continental 
water  averaged  over  a  few  hundred  km  on  a  side,  to  accuracies  approaching  a 
few  mm  every  2-3  weeks. 


LONG  TERM  COMPONENTS  OF  SEA  LEVEL  FLUCTUA¬ 
TIONS  IN  EUROPEAN  SEAS 

E.Groten.  L.Fenoglio-Marc,  L.Wang 
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Sea  level  fluauations  relative  to  a  fixed  point  of  the  crust,  as  obtained  from 
tide  gauge  observations,  are  important  for  coastal  monitoring.  These  fluctua¬ 
tions  are  the  combined  effect  of  sea  level  changes  relative  to  a  given  reference 
surface  and  of  crustal  movements.  The  first  component,  which  is  due  to  global 
mass/volume  change  and  to  regional  changes  in  the  oceanic  and  atmo.spheric 
circulations,  b  obtained  from  aliimetric  observations,  the  second  by  computa¬ 
tion  of  the  geocentric  coordinates  of  the  stations  using  positioning  techniques, 
We  are  Interested  in  the  long  term  sea  level  fluctuations.  We  analyse  the  long 
term  variations  of  the  absolute  sea  level,  measured  by  the  ERS-1,  ERS-2  and 
Topex/Poseidon  satellites,  and  of  the  relative  sea  level,  given  by  the  tide  gauge 
observations,  and  we  compare  and  combine  locally  both  types  of  data.  We 
analyse  the  correlation  of  the  sea  surface  heights  variations  with  the  variations 
of  other  sea-surface  and  atmosphere  parameters;  sea  surface  temperature,  wind 
speed  and  sea  wave  heights  obtained  by  satellite  observations,  air  temperature 
and  air  pressure  at  tide  gauge  stations  locations.  The  analysis  shows  that 
combined  satellite  and  tide  gauge  observations  are  contributing  to  an  accurate 
analysis  of  sea  level  variations.  A  high  coherency  between  some  parameters  of 
the  sea-atmosphere  system  is  demonstrated.  Periodical  signals  are  found  and 
observations  over  longer  intervals  are  necessary  to  give  confidence  to  the  values 
estimated  for  the  trends. 


SEA-LEVEL  MONITORING  WITH  CRETE:  CRETE  REGIONAL 
Tectonic  Experiment. 
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Service,  Athens,  Greece,  (4)  Institute  of  Marine  Biology  of  Crete,  Herakiion,  Greece. 

Eastern  Mediterranean,  an  area  with  intense  tectonic  activity,  is  of  great  interest  for 
its  regional  oceanography.  This  is  reflected  in  the  large  number  of  multi-national 
research  projects  in  the  area.  As  part  of  a  permanent  GPS  array  that  we  are  cuiieiitly 
deploying  over  the  west  and  central  part  of  the  island,  we  intend  to  occupy  the  two 
tide-gauge  sites  at  Souda  Bay  and  Herakiion.  The  first  one  was  occupied  in  the  pwt 
and  more  recently,  by  our  group  as  part  of  the  CRETE  project  Intense  seismicity  in 
this  area  and  high  rate  geodynamic  motions  require  that  characterization  of  such 
complex  deformation  be  done  with  a  dense  local  network,  preferably  a  pert^CTt 
continuously  operating  one.  Continuity  improves  reliability  and  allows  monitoring 
of  the  motion  without  any  assumption  about  its  nature.  Tide-gauge  monitoring  has 
gained  importance  lately  since  (a)  tectonics  contaminate  the  infened  sea-level 
variations,  and  (b)  a  global  network  of  tide-gauges  with  long  historical  records  can  be 
used  effectively  as  satellite  altimeter  (TOPEX/Poseidon,  GFO,  Jason)  calibration 
sites  for  current  and  future  missions  (a  lOC/GLOSS/IGS  common  effort  underway). 
The  island  of  Crete  hosts  two  of  the  oldest  tide-gauges  in  the  area  with  plans  to  soon 
upgrade  these  instruments  with  state-of-the-art  equipment.  The  synergism  between 
CRETE  and  the  interests  of  the  oceanographic  community  is  the  driver  for  this  effort 
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THE  MEDITERRANEAN  SEA  GENERAL  CIRCULATION  AND 
SEA  LEVEL  VARIABILITY  FROM  NUMERICAL  SIMULA¬ 
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The  Mediterranean  Sea  general  circulation  and  sea  level  fluctuations  are  stud¬ 
ied  by  means  of  a  high  resolution  numerical  model.  This  model  is  capable  of 
reproducing  the  seasonal  fluctuations  in  the  basin  currents  and  changes  of  sur¬ 
face  water  masses  in  the  basin,  thus  a  representation  of  sea  level  variability 
due  to  diabatic  air-sea  processes  and  internal  ocean  dynamics  is  possible.  The 
model  results  are  compared  with  the  actual  knowledge  of  the  Mediterranean 
Sea  large  scale  circulation  which  involve  the  concept  of  sub-basin  gyre  cyclonic 
and  anticyclonic  circulations,  boundary  currents  and  interannual  changes.  To 
this  large  scale  picture  there  is  superimposed  a  signal  of  an  energetic  eddy  field, 
expecially  in  the  Algerian  current  regions  and  the  Levantine  basin.  Interactions 
between  mesoscale  and  large  scale  structures  are  evident  in  the  large  scale  and 
instantaneous  fields.  The  sea  level  variability  connected  with  the  basin  gyres  is 
large  and  comparable  to  the  eddy  field  sea  level  anomalies.  The  barotropic  and 
baroclinic  components  of  the  general  circulation  are  extracted  from  the  model 
simulations  and  related  to  the  sea  level  signal.  Areas  shallower  then  200  me¬ 
ters  show  a  relevant  barotropic  contribution  to  sea  level  while  the  well  known 
geopotential  baroclinic  signal  is  dominant  in  the  deep,  open  ocean  regions. 


LATE-QUATERNARY  AND  RECENT  PROCESSES  OF  RELATIVE  SEA- 
LEVEL  CHANGE  IN  MEDITERRANEAN  COASTAL  AREAS 
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Relative  sea-level  changes  on  the  coasts  of  the  Mediterranean  Sea  are  affected  not 
only  by  eustatic  movements  depending  from  variations  in  the  global  ocean  mass 
and  volume,  but  also  by  the  interaction  of  several  kinds  of  local  and  regional  crustal 
movements.  Local  displacements,  usually  of  gradual  subsidence  in  coastal  plains 
and  delta  areas,  may  become  faster  and  not  monotonic  when  approaching  active 
volcanoes.  Regional  gradual  movements  due  to  isostaiic  post-glacial  rebound  seem 
to  have  contributed  mainly  to  subsidence.  Displacements  resulting  from  interaction 
of  tectonic  plates  are  especially  frequent  in  the  Eastern  Mediterranean;  over  the 
long  term,  they  can  produce  trends  of  uplift  or  subsidence,  cither  gradual  and 
monotonic,  or  steppe  and  irregular,  sudden  coseismic  vertical  displacements,  even 
in  sequences,  have  often  been  observed;  a  tectonic  paroxysm  which  affected  large 
areas  of  the  Eastern  Mediterranean  between  the  fourth  and  the  si.xth  centuries  A.D. 
has  caused  many  local  falls  or  rises  in  sea  level.  In  this  paper  several  case  studies  of 
relative  sea-level  change  due  to  the  above  processes  are  discussed.  Lastly,  a 
comparison  of  sea-level  trends  on  the  Provencal  and  Tyrrhenian  coasts,  deduced 
from  archaeological  data  and  from  recent  tide  gauge  records,  shows  that  small 
eustatic  sea-level  fluctuations  of  decimeiric  order  did  indeed  occur  in  the 
Mediterranean  area  during  the  last  two  thousand  years. 


INTERANNUAL  TO  DECADAL  SEA-LEVEL  VARIATIONS  IN 
THE  MEDITERRANEAN 
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At  interannual  to  decadal  periods  sea-level  generally  exhibits  a  dynamic  spec¬ 
trum  with  dominajit  slgneds  changing  period  in  time.  Based  on  coastal  tide- 
gauge  records  which,  in  the  Mediterranean,  span  decades  to  almost  a  century, 
interannual  to  decadal  sea-level  variations  in  the  Mediterraneaui  are  described. 
At  these  time  scales,  Mediterranean  sea  level  exhibits  a  variability  of  up  to  300 
mm,  and  thus  these  long-period  variations  can  affect  the  conditions  for  the  oc¬ 
currence  of  extreme  events.  Using  atmospheric  data  (air  pressure,  temperature 
and  precipitation),  the  relation  between  coastal  sea  level  euid  climatological 
parameters  are  quantitatively  determined.  Long  sea-level  records  exclusively 
originate  from  a  low  number  of  coastal  tide  gauges,  with  a  strong  bias  towards 
the  northern  coasts.  Thus,  information  on  the  spatial  pattern  of  the  sea-level 
variations  determined  from  tide  gauges  is  rather  limited.  However,  satellite  al¬ 
timetry  results  provide  the  full  spatial  coverage  over  a  relatively  short  time 
interval,  and  comparing  the  pattern  indicated  by  the  tide  gauges  with  these 
results  helps  to  clarify  the  picture.  Published  results  from  satellite  altimetry 
are  used  to  assess  the  quality  of  the  spatial  pattern  in  inter£uinual  sea  levels 
deduced  from  coastal  tide  gauges. 


A  COMPARATIVE  ANALYSIS  OF  THE  LONG-TERM  SEA  LEVEL 
CHANGE  OF  THE  BLACK  AND  CASPIAN  SEA 

Yu.  A.  Reva  (P.P.Shirshov  Institute  of  Oceanology,  RAS,  Nahimovsky  pr.,  36, 
Moscow,  117218,  Russia) 

The  results  of  the  comparison  of  the  long-term  sea  level  changes  of  the  Black 
sea  and  the  Caspian  sea  arc  presented.  We  have  used  the  monthly  mean  heights 
of  the  sea  level  at  24  tide  gauges  for  the  time  period  from  1875  to  1995.  The 
iota!  signal  which  results  from  the  volumetric  changes  has  been  evaluated  for 
every  sea.  It  has  been  shown  that  the  patterns  of  the  internal  variability  in  the 
sea  level  with  periods  less  than  19  years,  are  in  a  good  agreement,  if  taken  for 
different  seas.  These  changes  are  linked  to  the  climatic  conditions  over  the 
continent.  The  long-term  sea  level  changes  with  periods  longer  than  19  yeare 
are  very  much  different  in  the  individual  basins.  To  understand  the  reasons  of 
the  very  long  term  sea  level  fluctuations  we  considered  the  Caspian  sea  level 
fluctuations  for  the  last  3  thousand  years  reconstructed  from  morphometric 
data.  The  power  spectrum  of  the  interdecada!  variability  was  established.  We 
considered  the  water  balans  model  to  research  the  reasons  of  the  sea  level 
fluctuation  with  periods  less  then  19  years.  The  model  realization  shown  that 
the  Black  sea  level  fluctuations  without  water  exchange  through  the  Bosporus 
pass  as  so  large  as  the  Ca.spian  sea  level  fluctuations. 


MEDITERRANEAN  SEA-LEVEL  VARIATIONS  FORCED  BY 
AIR  PRESSURE 

P.  Rtif  (1)  and  H.-P.  PUg  (2) 

(1)  Institute  of  Geophysics,  Christian-Albrechts-University,  Olshausenstr.  40, 
D-24118  Kiel,  Germany,  (2)  Geodetic  Institute,  Norwegian  Mapping  Authority, 
Kartverksveien,  N-3500  Honefoss,  Norway. 

Monthly  sea  levels  are  significantly  affected  by  atmospheric  forcing  and  partic¬ 
ularly  by  air  pressure.  At  time  scales  of  months  and  longer,  sea  level  is  often 
assumed  to  response  hydrostatically  (as  an  Inverted  barometer)  to  air  pressure 
forcing.  However,  based  on  monthly  mean  sea-level  and  air-pressure  data,  in 
the  Mediterranean  significant  deviations  are  found  from  the  inverted  barome¬ 
ter  response.  To  study  the  atmospherically  forced  sea-level  variations  in  more 
detail,  a  simple  box-model  of  the  Mediterranean  and  the  Black  Sea  is  intro¬ 
duced.  The  model  consists  of  five  interconnected  basins  where  the  connection 
is  realized  by  the  fiows  of  the  water  masses  through  the  straits  separating  the 
basins.  The  driving  parameter  of  the  model  is  a  geographical  mean  of  low-pass 
filtered  air-pressure  time  series  for  each  basin  and  the  model  output  is  infor¬ 
mation  of  the  sea  level  in  the  specified  basins.  The  input  data  for  the  model 
are  taken  from  two  datasets.  The  sea-level  data  are  obtained  from  the  PSMSL, 
whereas  the  atmospheric  time  series  are  supplied  by  the  CDIAC.  The  model’s 
capability  to  reproduce  long  term  sea-level  variations  is  assessed.  Moreover,  a 
Kalman  Filter  can  be  applied  to  the  model  in  order  to  predict  sea  level  over 
several  time  steps. 


COASTAL  HAZARD  IN  THE  MEDITERRANEAN  SEA  DUE  TO 
STORM  SURGES  AND  TSUNAMIS 

S.  Tinti  (I),  E.  Bortolucci  (I) 

(I)  Dipartimento.di  Fisica.  Seltore  di  Geofisica,  Universili  di  Bologna.  Viule 
Carlo  Berti  Pichat  8.  40127  Bologna.  Italy. 

Storm  surges  are  known  to  affect  the  Mediterranean  Sea.  though  generally 
not  as  violently  as  the  northern  European  countries,  where  meteorological 
conditions  are  more  favourable  to  the  passage  of  heavy  storms.  Baleari 
islands,  the  Ligurian  Sea  together  with  its  western  extension  embracing  the 
Cote  d'Azur  in  France,  the  northern  Adriatic  Sea.  and  the  northern  Aegean 
Sea  arc  areas  where  storm  surges  occur  more  frequently.  Tsunamis  are 
generated  by  earthquakes,  volcanic  explosions  and  landslides.  Regional 
catalogues  of  tsunamis  as  well  as  the  recently  produced  GITEC  tsunami 
catalogue,  covering  the  entire  Europe,  testify  that  northern  Europe  has  been 
occasionally  affected,  but  especially  the  Mediterranean  countries  such  as 
Greece  and  Italy  arc  threatened  by  this  menace.  The  spectral  window  of 
tsunamis  (about  lO  'cps)  and  storm  surges  (about  10"*  cps)  are  usually  well 
distinct,  but  there  are  instances  where  high-frequency  surges,  sometimes 
called  meteorological  tsunamis,  produce  waves  and  tide-gauge  records 
similar  to  Lsunamis,  Consequences  of  storm  surges  (high  water  level, 
flooding,  extensive  coastal  erosion,  etc.)  and  of  tsunamis  (destruction  of 
offshore  and  of  coastal  structures  and  facilities,  victims,  etc.)  cun  be 
extremely  costly  in  term  of  economic  damage  and  of  loss  of  human  lives. 
This  requires  the  adoption  of  suitable  policies  of  hazard  mitigation  and  of 
coastal  protection. 
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RESPONSE  OF  THE  MEDITERRANEAN  MEAN  SEA  LEVEL  TO 
ATMOSPHERIC  PRESSURE  AND  COMPARISON  WITH  THE  BLACK  SEA 

PY  IjTraon.  N.  Ducet,  P.  Gauzelin 
CLS  Space  Oceanography  Division 
letiaon@cls.cnes.fr 

The  response  of  the  Meditenanean  Mean  Sea  Level  (MSL)  to  atmospheric  pressure 
forcing  is  analyzed  using  5  years  of  TOPEX/POSEIDON  (T/P)  data  (Le  Traon  and 
Gauzelin,  1997).  Coherence  analysis  between  MSL  and  atmospheric  pressure 
shows  a  significant  departure  from  a  standard  Inverse  Barometer  OB)  effect  at 
frequencies  higher  than  20  days'.  At  high  frequencies,  the  phase  difference 
between  MSL  and  pressure  is  about  100°  while  it  should  be  180°  for  a  perfect  IB 
response.  This  result  confirms  the  role  of  the  straiu  of  Gibraltar  in  limiting  the 
water  exchange  at  high  frequencies.  The  MSL  response  is  then  investigated  using 
the  Candela  (1991)  analytical  model.  The  model  explains  a  large  part  of  the 
variance  in  T/P  mean  sea  level  variations.  Compared  to  an  IB  cotrection,  it  gives  a 
smoother  response  with  a  phase  delay  at  high  frequencies.  It  also  explains  more 
variance  in  T/P  MSL  variations.  This  demonstrates  that  this  simple  model 
provides  an  improved  correction  of  atmospheric  pressure  effects  in  T/P  data.  Same 
analysis  is  then  performed  in  the  Black  Sea.  Coherence  analysis  shows  that  the 
response  is  much  more  limited  (up  to  100  days ')  than  in  the  Mediterranean  sea 
due  to  the  narrowness  of  the  Bosphorus  Straits.  The  Candela  model  is  then  adapted 
to  take  into  account  the  role  of  the  wind  stress  on  Bosphorus  straits  dynamics. 
Compared  to  a  standard  IB  effect,  the  model  provides  a  much  better  representaUon 
of  the  MSL  response  to  annospheric  pressure  forcing. 


A  TIDE  AND  STORM  SURGE  MODEL  FOR  THE  MEDITERRANEAN  SEA 
S.  I..  Wakelin  and  R.  Proctor 

Proudman  Oceanographic  Laboratory.  Bidston  Observatory,  Birkenhead, 
Merseyside,  L43  7RA  U.K. ' 
s.wakeIin@pol.ac.uk  /  Fax: +44  151  653  6269 

The  tidal  signal  in  most  of  the  Mediterranean  Sea  is  of  the  order  of  centimeters.  In 
some  areas,  such  as  in  the  Northern  Adriatic,  the  tide  is  of  the  order  of  half  a  meter 
and  storm  conditions  can  produce  a  surge  of  similar  or  larger  magnitude.  The  total 
elevation  due  to  tide  and  storm  surge  is  modelled  using  a  hydrodynamic  model, 
which  could  be  modified  to  predict  the  magnitude  of  future  surges,  when  possible 
changes  in  mean  sea  level  are  taken  into  account.  A  high  resolution  two-dimensional 
model,  forced  by  the  equilibrium  tide  and  the  incoming  tide  through  the  Strait  of 
Gibraltar,  is  used  to  model  the  tides.  The  four  largest  tidal  constituents  in  the  area, 
nameiy  M2,  S2,  K,  and  O,,  are  modelled  simultaneously.  The  response  of  the  sea  to 
storm  events  is  studied  by  adding  meteorological  forcing  to  the  tidal  model.  Several 
storm  periods  have  been  identified  where  the  conditions  over  Northern  Italy  and  the 
Adriatic  Sea  have  contributed  to  higher  than  expected' sea  levels  at  the  coast  of  the 
North  Adriatic.  These  are  characterised  by  iow  pressure  systems  with  associated 
strong  south-easterly  winds.  One  event  has  been  studied  in  detaii  using  data  from 
meteorological  observations,  interpolated  over  the  whole  Mediterranean  Sea,  to 
force  the  model.  The  results,  represented  by  time  series  of  totai  elevation,  tidal 
elevation  and  the  surge  residual,  are  compared  with  tide  gauge  data. 


HIGH-PRECISION  DETERMINATION  OF  VERTICAL  CRUSTAL 
MOVEMENTS  IN  THE  FRAMEWORK  OF  THE  SELFII  PROJECT 

S.  Zerbini  (1),  M.  Negusini  (1),  M.  Di  Cori  (1),  G.  Tonti  (1) 

(I)  Department  of  Physics,  University  of  Bologna,  Viale  Berti 

Pichat  8, 40127  Bologna,  ZERBINKgastbol.bo.cnr.it 

The  overall  aim  of  the  European  Union  SELF  II  project  is  to  determine  the  absolute 
sea  level  and  its  variations  and  to  use  them  in  a  comprehensive  way  to  study  the 
present  interactions  as  well  as  those  of  the  recent  past  among  the  ocean,  the 
atmosphere  and  the  Earth’s  crust  and  to  develop  appropriate  models  to  predict  future 
aspects.  In  order  to  be  able  to  un-  derstand  true  sea-level  variations  it  is  necessary  to 
determine  vertical  crustal  movements  of  the  tide  gauge  benchmarks  to  an  accuracy  of 
one  mm/yror  better.  Continuous  GPS  measurements  performed  at  tide  gauge  stations 
will  provide  this  most  important  information.  Within  SELF  II,  an  exper-  iment  h^ 
been  developed  which  includes  the  use  of  different  techniques  in  order  to  assess  the 
capability  to  achieve  a  reliable  knowledge  of  the  vertical  rates  of  the  tide  gauge 
benchmarks  within  limited  time  intervals.  At  the  Medicina  reference  station  and  in  the 
vicinity  of  the  tide  gauge  at  Port  Corsini,  near  Ravenna,  on  the  Adriatic  coast,  two 
GPS  receivers  have  been  installed  in  July  1996.  The  GPS  data  have  been  contin¬ 
uously  acquired  at  the  two  stations  since  the  beginning  of  the  experiment.  In  Medicina, 
because  of  the  nature  of  the  experiment,  severai  different  types  of  data  are  being 
collected,which  includes  continuous  gravity  obser-  vations  by  means  of  a 
superconducting  gravimeter,  meteoroiogical,  water  table  and  soil  moisture  data.  The 
analysis  of  the  GPS  height  series  has  made  it  possible  to  reliably  estimate  the 
subsidence  rates  at  both  sta- tions.  The  height  series  are  also  examined  in  order  to 
identify  possible  environmental  influences  on  the  observed  data. 


GPS-BASED  ESTIMATION  OF  TROPOSPHERIC  MOISTURE 

GRADIENTS 

Y.  E.  Bar-Sever 

Jet  Propulsion  Laboratory,  California  Institute  of  Technology. 
yeb6cobr a . jpl . nasa . gov 

The  GPS-based  estimation  of  tropospheric  delay  gradients  at  a  given  site  was 
shown  recently  to  improve  the  day-to-day  repeatability  of  the  estimates  of  the 
site  position  vector  [Bar-Sever  et  al.,  1998].  The  estimated  delay  gradient  is  a 
superposition  of  a  hydrostatic  delay  gradient  due  to  horizontal  pressure  and 
temperature  gradients,  and  a  ’’wet”  delay  gradient  due  to  horizontally  asyin- 
metric  distribution  of  moisture.  The  difficulty  in  separating  the  hydrostatic 
and  wet  gradients  has  complicated  efforts  to  validate  the  GPS-based  estimates. 
In  this  paper  we  present  an  algorithm  for  the  separation  of  the  hydrostatic 
and  wet  components  of  the  estimated  gradients  using  pressure  and  tempera¬ 
ture  fields  from  objective  analysis.  The  accuracy  of  that  algorithm,  as  well  as 
the  accuracy  of  the  GPS  estimates  are  assessed  at  several  sites  where  a  water 
vapor  radiometer  is  collocated  with  a  GPS  receiver,  and  where  dense  pressure 
and  temperature  fields  from  objective  analysis  are  available.  This  allows  us 
to  validate  the  estimates  of  moisture  gradients  as  a  new  GPS  product  which 
significantly  enhances  the  utility  of  ground-based  GPS  to  weather  forecasting 
applications. 

Bar-Sever,  Y.E.,  P.M.  Kroger  and  J.A.  Borjesson,  Estimating  Horizontal  Gradi¬ 
ents  of  Tropospheric  Delay  with  a  Single  GPS  Receiver,  to  appear,  J.  Geophys. 
Res.,  1998 


G9  Atmospheric  sounding  with  GPS 
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THE  EFFECT  OF  TEC  ON  ANTARTICA  GPS  MEAUSLTREMENTS 
Al  Bayari  O.*,  Capra  A.*,  Mancini  F.*,  Vittuari  L.* 

♦DISTART  -  University  of  Bologna  Viale  Risorgimento  2,  40136  -  Bologna  -  Italy 
fax: +39  51  6443495 

In  this  paper  we  deal  with  the  effect  of  ionospheric  layers  on  GPS  carrier  phase 
measurernent  and  relative  positioning.  Ionospheric  refraction  introduce  errors  on 
baseline  solution  value  that  cannot  be  completely  solved  with  the  dual  frequency 
technique  that  consider  the  ionosphere  as  an  undisturbated  region  (geometric  effect) 
with  an  associated  constant  vertical  gradient  of  Total  Electron  Content  (TEC). 
Non-geometric  effects  also  play  an  important  role,  mainly  in  equatorial  and  polar 
regions  where,  due  to  magnetic  storms  and  solar  activity,  severe  ionospheric 
conditions  occur  causing  small-scale  irregularities,  like  scintillation  phenomena,  which 
gives  difficulties  in  ambiguity  resolution.  Moreover  this  is  a  particularly  trae  in 
Antarctica  regions.  With  the  aim  to  model  and  to  reduce  part  of  this  effect  we  have 
computed  and  compared  different  TEC  value  from  different  method  (GPS  code  and 
phase  measurements,  baseline  length  method,  zero-baseline  method  and  Bernese 
ionospheric  parameters  estimator).  Then  the  effects  of  different  computed  values  on 
relative  position  (coordinates  of  points)  or  baseline  length  value  were  investigated. 
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USAGE  OF  GREF-PERMANENT  NETWORK  RESULTS  FOR  GEODESY 
AND  METEOROLOGY 

M.  Becker(l),  P.  Franke(l),  C.  Kocpken(2),  G.  Webcr(l) 

(1)  Federal  Agency  for  Cartography  and  Geodesj'  (BKG)  Frankfurt  a.M., 
bccker@ifag.dc/Fax:+49-6333-425Germany, 

(2)  German  Weather  Service  (DWD),  Offenbach 

Since  middle  of  1996  the  BKG  computes  daily  solutions  for  a  set  of  German  and 
European  permanent  GPS  stations  using  the  Bernese  software.  The  EUREF  per¬ 
manent  network  is  to  be  densified  by  a  set  of  up  to  twenty  stations  in  Germany 
currently  under  installation.  Presently  about  hvelve  stations  arc  operating  Re¬ 
sults  for  a  subset  of  the  EUREF  network  from  the  BKG  processing  centre  are 
submitted  to  the  EUREF  Analysis  Centre  in  Bern  to  be  included  to  the  European 
weekly  EUREF  solution.  The  BKG  processing  is  used  further  to  produce  sets  of 
tropospheric  zenith  delay  parameters  in  two  hour  intervals.  These  arc  combined 
and  compared  to  the  Wettzell  Water  Vapour  Radiometer  of  BKG  operating  since 
October  1997.  In  a  joint  research  project  with  the  German  Weather  Service  the 
potential  use  of  the  vertical  integrated  water  vapour  (IWV)  content  as  derived 
from  the  tropospheric  zenith  delay  for  the  improvement  of  numerical  weather 
forecast  is  studied.  As  a  first  step,  the  derived  GPS-IWV  is  compared  to  IWV  de¬ 
rived  from  weather  forecast  models  and  the  influence  of  ancillaiy  numerical 
model  data  used  in  the  derivation  of  GPS  IWV  is  studied.  This  paper  presents  re¬ 
sults  of  a  test  phase  selected  for  a  feasibility  studj . 


IONOSPHERIC  SIGNATURE  OF  SURFACE  MINE  BLASTS 
FROM  GLOBAL  POSITIONING  SYSTEM  MEASUREMENTS 

Eric  Calais  (1)  and  J.  Bernard  Minster,  Michelle  A.  Hofton,  and  Michael  A  H 
Hedlin  (2) 

(1)  CNRS  Geosciences  Azur,  Sophia  Antipolis,  France,  (2)  Scripps  Institution 
of  Oceanography,  La  Jolla,  CA,  USA. 

In  July  and  August  1996,  3  large  surface  mine  blasts  (1.5  Kt  each)  were  deto¬ 
nated  at  the  Black  Thunder  coal  mine  in  eastern  Wyoming.  As  part  of  a  seis¬ 
mic  and  acoustic  monitoring  experiment,  we  deployed  5  dual-frequency  GPS 
receivers  at  distances  ranging  from  50  to  200  km  from  the  mine  and  were  able 
to  detect  the  ionospheric  perturbation  caused  by  the  blasts.  The  amplitude  of 
this  perturbation  is  comparable  to  that  reported  after  the  much  larger  (M6.7) 
Northridge  earthquake  of  January  17,  1994  (Calais  and  Minster,  1995).  This 
indicates  that  surface  explosions  are  much  more  efficient  sources  of  ionospheric 
perturbations  than  even  large  shallow  thrust  earthquakes.  The' spectrum  of  the 
observed  signals  is  primarily  concentrated  in  the  5-minute  band,  which  appears 
to  correspond  to  a  gravity  mode,  in  agreement  with  previous  observations  made 
after  nuclear  explosions  and  volcanic  eruptions.  The  relatively  small  signal-to- 
noise  ratio  of  the  perturbation  can  be  improved  by  slant-stacking  the  electron 
content  time  series  recorded  by  the  different  GPS  receivers  taking  into  account 
the  horizontal  propagation  of  the  perturbation.  Using  a  one-dimensional  strat¬ 
ified  velocity  model  of  the  atmosphere  we  show  that  linear  acoustic  ray  tracing 
fits  arrival  times  at  all  GPS  receivers.  We  interpret  the  perturbation  as  a  direct 
acoustic  wave  caused  by  the  explosion  itself 


USE  OF  GPS  FOR  ESTIMATING  WATER  VAPOUR  ATTENUA¬ 
TION  ON  SATELLITE-EARTH  LINKS  AT  MILLIMETRE  WAVE¬ 
LENGTHS 

O.  T.  Davies  (1)  and  Prof  P.  A.  Watson  (1) 

(1)  Department  of  Electronics,  University  of  York,  Heslington,  York,  YOl  5DD, 
United  Kingdom. 
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It  has  been  shown  that  measurements  from  a  stationary  GPS  receiver  can  be 
used  to  estimate  the  Integrated  Prccipitable  Water  Vapour  (IPWV)  content 
of  the  atmosphere.  At  millimetre  wavelengths  water  vapour  contributes  signif¬ 
icantly  to  the  total  attenuation  on  a  satellite-earth  link.  Cloud  is  also  another 
strong  contributor  to  attenuation,  and  previous  studies  have  noted  a  clear  cor¬ 
relation  between  water  vapour  and  cloud  attenuation.  Therefore  it  is  important 
that  water  vapour  content  in  the  atmosphere  be  accurately  measured  and  GPS 
provides  an  excellent  tool  to  perform  this  task. 

This  presentation  details  GPS  observations  taken  over  a  9  month  period  at 
the  University  of  York.  Processing  of  the  GPS  data  for  zenith  total  delay  was 
performed  by  GIPSY-OASIS  II,  from  JPL,  using  the  precise  point  positioning 
strategy.  The  GPS  IPWV  estimations  have  been  compared  to  measurements 
derived  from  temperature  and  humidity  profiles,  obtained  using  radiosondes, 
from  two  sites  approximatley  160  km  away.  In  both  cases,  the  agreement  with 
the  GPS. estimated  IPWV  has  been  good.  Attenuation  at  zenith  of  the  atmo¬ 
sphere  is  measured  indirectly  by  a  93  GHz  radiometer,  which  is  co-located  with 
the  GPS  receiver  at  York. 


THE  WAVEFRONT  PROJECT  ON  GPS  WATER  VAPOUR  ESTIMATION 
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2  Eidgenossische  Technische  Hochschule,  Switzerland  (buerki@geod.ethz.ch) 

3  Chalmers  Teckniska  Hogskola,  Sweden  (kge@oso.chalmers.se) 
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WAVEFRONT  is  an  EC  funded  collaborative  project  between  four  European 
institutions  in  Spain,  Sweden,  Switzerland  and  the  UK.  The  three  year  project  started 
in  September,  1996,  under  the  EC  Environment  and  Climate  work  programme. 
WAVEFRONT  aims  to  develop  the  potential  for  using  ground-based  GPS  to  estimate 
the  variable  water  vapour  content  of  the  atmosphere.  More  specifically,  the  project 
aims  to  validate  the  accuracy  and  temporal  resolution  of  GPS  water  vapour  estimation, 
by  comparison  with  ground-based  Water  Vapour  radiometers  (WVR?s)  and 
radiosondes.  The  associated  error  sources  involved  within  the  GPS  processing,  the 
a-priori  statistics,  conversion  constants  applied  and  network  processing  strategies  are 
examined,  in  addition  to  a  comparison  of  three  GPS  processing  software  packages 
(BERNESE,  GAS  and  GIPSY).  A  tomographic  analysis  is  also  undertaken  in  addition 
to  a  feasibility  study  for  estimating  atmospheric  water  vapour  on  a  near  real-time  basis. 
The  archiving  of  one  hour  averages  of  atmospheric  water  vapour  is  being  performed 
at  approximately  forty  European  IGS  stations,  ultimately  to  obtain  a  continuous  two 
year  water  vapour  time  series.  Results  from  the  first  year  of  the  WAVEFRONT 
project  are  presented. 


A  SLIDING-WINDOW  PRECEDURE  FOR  SUPER  NEAR  REAL¬ 
TIME  CONTINOUS  GPS  WATER  VAPOR  ESTIMATION  USING 
PREDICTED  ORBITS 

P.  Fang  and  Y.  Bock 

Scripps  Institution  of  Oceanography,  University  of  California  San  Diego,  La 
Jolla,  CA92093-0225,  USA. 
pfangeucsd.edu/Fax:  (619)  534  9873 

Weather  forecasting  models  may  be  benefit  from  the  spatial  distribution  of 
precipitable  water  vapor  content  derived  from  GPS  observations.  A  continuous 
GPS  processing  procedure  is  designed  for  delivering  such  water  vapor  estimates 
at  very  high  turn-around  rate  in  a  sliding  window  fashion.  The  sliding  window 
scheme  is  devised  to  process  a  session  of  data  and  move  forward  a  step  at  a 
time  with  session  length  (window  width)  longer  than  step  size.  This  scheme 
improves  the  precipitable  water  vapor  estimates  at  the  session  boundary  that 
are  normally  poorly  determinated.  Results  from  tests  of  various  window  widths 
and  step  sizes  using  predicted  orbits  are  compared  in  terms  of  efficiency  and 
accuracy  against  results  from  well-developed  standard  procedures  using  precise 
orbits.  The  requirements  and  limitations  of  our  approach,  as  well  as  the  scheme 
of  rejecting  poor  orbits,  are  also  discussed. 


ATMOSPHERIC  IMAGING  INVOLVING  GNSS  OCCULTATION: 
A  QUANTITATIVE  STUDY 

U.  Foelsche  and  G.  Kirchengast 

Institut  fiir  Meteorologie  und  Geophysik,  Halbarthgasse  1,  A-8010  Graz. 
ulfObimgsl.kfunigraz.ac.at/Fax:  [-1-43]  316-380-9825 

Global  Navigation  Satellite  System  (GNSS)  based  radio  occultation,  as  a  stan¬ 
dalone  technique,  delivers  near-vertical  profiles  of  atmospheric  bending  angles, 
refractivity,  pressure,  temperature,  and  humidity.  The  potential  of  ground- 
based  GPS  measurements  for  accurately  estimating  vertically  integrated  at¬ 
mospheric  water  vapor  has  been  demonstrated  recently  (e.g.,  Rocken  et  al.,  J. 
Geophys.  Res.,  97,  15787-15801, 1992).  Height  resolving  imagingof  atmospheric 
water  vapor  becomes  feasible,  when  occultation  data  are  combined  with  ground- 
based  GNSS  or  spaceborne  passive  sounder  data  (“true”  imaging),  or  with  at¬ 
mospheric  model  information  (“model-assisted"  imaging).  Having  formulated 
space-time  and  co-location  requirements  for  “true”  and  “model-assisted”  imag¬ 
ing.  we  present  quantitative  results  on  space-time  coverage  based  on  realistic 
geometry  simulations  which  have  been  performed  for  several  Low  Earth  Orbit 
(LEO)  satellite  scenarios.  Also,  imaging  techniques  are  currently  developed, 
and  first  results  using  simulated  GNSS-based  water  vapor  measurements  from 
LEO  and  ground  will  be  discussed. 
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ATMOSPHERE/IONOSPHERE  SOUNDING  USING  GPS 
RADIO  OCCULTATION  MEASUREMENTS  ONBOARD 
CHAMP 

N.  ■TakowskiO').  J.Fickert(l),  A.  Wehrenpfennig(l),  Ch.  Reigber(2), 
Ch.F6rste(2),  R.  K6nig(2) 

(1)  DLR  e.V.,  Femerkimdungsstation  Neustrelitz,  Kalkhorstweg  53, 
D-17235  Neustrelitz) 

(2)  GFZ  Potsdam,  Telegrafenberg  A17,  D-14473  Potsdam 
jakowski@n2.dlr.de/Fax:+49-398 1  -480299 

After  giving  a  brief  introduction  to  the  general  CHAMP  satellite 
mission  concept  the  talk  is  focussed  on  the  use  of  GPS  radio 
occultation  measurements  for  probing  the  vertical  structure  of 
troposphere/stratosphere  and  ionosphere/plasmasphere  systems.  This 
includes  the  discussion  of  the  corresponding  software  architecture  and 
planned  analysis  procedures.  Operational  use  of  the  CHAMP  data  is 
foreseen  both  for  atmospheric  as  well  as  for  ionospheric  data  products. 
Preliminary  results  obtained  after  applying  experimental  software 
tools  on  GPS/MET  data  are  briefly  discussed. 


AN  END-TO-END  OCCULTATION  SOUNDING  SIMULATOR: 
OVERVIEW  AND  EXEMPLARY  RESULTS 

G.  Kirchengast,  J.  Ramsauer,  W.  Miihlmann,  G.  Holler,  K.  Holler,  K.  Hocke, 
A.  Steiner,  U.  Foelsche  (1),  S.  Syndergaard,  M.  Mortensen,  P.  Hoeg  (2),  K. 
Schultz,  D.  Hansen,  L.  Maresi  (3)  and  P.  Silvestrin,  J.  Fuchs,  A.  Tobias  (4) 

(1)  Institut  fiir  Meteorologie  und  Geophysik,  Universitat  Graz,  Halbarthgasse 
1,  A-8010  Graz,  Austria,  (2)  Danish  Meteorological  Institute,  DK-2100  Copen¬ 
hagen,  Denrrtark,  (3)  Computer  Res.  Int’l,  DK-3460  Birkerod,  Denmark, 
(4)  ESA/ESTEC  JPP,  NL-2200AG  Noordwijk,  The  Netherlands, 
gottf  ried  .kirchengastokf  unigraz .  ac .  at /Fax:  -1-43-316-380-9825 

A  software  tool  has  been  developed,  as  an  international  European  effort, 
which  is  capable  of  end-to-end  simulation  of  the  GNSS-based  radio-occultation 
technique  and  processing  of  real  occultation  data.  The  major  aims  of  the 
tool,  named  EGOPS  (End-to-end  GNSS  Occultation  Performance  Simulator), 
are;  (i)  mission  analysis/planning  for  GNSS  (GPS/GLONASS)  receivers  at 
LEO  (Low  Earth  Orbit)  satellites  (geometry,  coverage,  statistics  for  given 
GNSS/LEO/ground-station  constellations),  (ii)  simulation  of  occultation  ob¬ 
servations  (forward  modeling  of  signal  propagation  through  the  atmosphere- 
ionosphere  system  plus  effects  of  the  receiving  system),  (iii)  processing  of  sim¬ 
ulated  and  observed  occultation  data  (inversion  from  phases  and  amplitudes 
to  atmospheric  profiles),  An  overview  on  concept  and  capabilities  of  EGOPS  is 
given.  In  particular,  exemplary  EGOPS  results  for  the  major  aims  (i)-(iii)  are 
shown  and  discussed,  which  are  directly  related  to  currently  open  questions  in 
the  field.  Finally,  plans  for  future  advancements  of  EGOPS  are  outlined. 


SIMULATION  OF  FULL  DATA  ASSIMILATION  CYCLE  COM¬ 
PARISON 

L.  Kornblueh  (1),  M.  Gorbunov  (2)  and  L.  Bengtsson  (1) 

(1)  Max-Planck-Institute  for  Meteorology,  Bundesstr.  55,  Hamburg,  Germany, 

(2)  Obukhov  Institute  for  Atmospheric  Physics,  Pyzhevsky  per.,  3,  Moscow, 
109017,  Russia. 

kornbluehCdkrz.de/Fax;  [-1-49]  40  41173  298 

The  possible  impact  of  GNSS  occultation  data  on  model  results,  as  well  in 
climate  modelling  as  in  numerical  forecasting,  has  been  simulated  in  a  twin 
experiment.  The  comparison  between  different  assimilation  heights  are  com¬ 
pared  with  a  model  run  representing  a  ’true’  development  and  another  run, 
only  driven  by  surface  data.  The  results  of  this  runs  are  showing  a  remark¬ 
able  progress  in  modelling  the  geopotential  height  and  temperature.  These  are 
the  most  important  parameter  describing  the  large  scale  circulation  and  so  an 
good  indicator  for  the  improvement  by  GNSS  occultation  data.  Due  to  the 
experiment  setup,  a  global  data  coverage  is  assumed. 


MEASUREMENTS  OF  WATER  VAPOR  IN  THE  ATMOSPHERE: 
//  COMPARISON  OF  RADIOSONDE,  WATER  VAPOR  RA¬ 
DIOMETER,  GPS,  AND  VLBI 

A.  E.  Niell  (1),  A.  J.  Coster  (2),  F.  S.  Solheim  (3),  V.  B.  Mendes  (4),  P.  C. 
Toor  (4),  R.  B.  Langley  (4)  and  C.  A.  Upham  (2) 

(1)  MIT  Haystack  Observatory,  Westford,  MA  01886  USA,  (2)  MIT  Lincoln 
Laboratory,  Lexington,  MA  02173  USA,  (3)  Radiometrics  Corporation,  Boul¬ 
der,  CO  80301  USA,  (4)  University  of  New  Brunswick,  Fredericton,  NB,  Canada 
E3B  5A3. 

aenOdopey . haystack . edu 

The  accuracy  of  GPS  as  an  instrument  for  measuring  the  integrated  water 
vapor  content  of  the  atmosphere  has  been  assessed  by  comparison  with  concur¬ 
rent  observations  made  over  a  15  day  period  by  radiosonde,  microwave  water 
vapor  radiometer  (VVVR),  and  Very  Long  Baseline  Interferometry  (VLBI).  Es¬ 
timates  of  zenith  wet  delay  (ZWD)  by  GPS  measurements  with  Dorne-Margolin 
choke  ring  antennas  were  found  to  have  a  strong  dependence  on  the  minimum 
elevation  of  data  included  in  the  solution,  and  the  best  agreement  with  the 
collocated  WVR  and  VLBI  measurements  was  for  minimum  elevations  below 
15  degrees.  Temperature  profiles  obtained  with  the  Vaisala  radiosondes  differed 
significantly  from  those  of  the  U.S.  National  Weather  Service  with  differences 
in  ZWD  as  large  as  40  mm  (6  mm  of  precipitable  water  vapor)  for  total  ZWD  of 
250  mm.  WVR,  GPS,  and  VLBI  agreed  within  approximately  6  mm  of  ZWD  (1 
mm  of  PWV),  while  the  radiosondes  averaged  approximately  75%  of  the  ZWD 
measured  by  the  other  three  techniques.  Elevation  dependent  phase  errors  for 
the  GPS  antenna/mount  combination  can  produce  PWV  errors  of  greater  than 
5  mm  over  a  few  hour  period  for  typical  GPS  satellite  coverage. 


ANALYSIS  OF  TEC  VARIATION  FROM  GPS  MEASUREMENTS 

I.I.  Shagimuratov  and  I.I.  Ephishov  (West  Department  of  the  Institute  of 
Geomagnetism,  Ionosphere  and  Radio  Wave  Propagation  (IZMIRAN)  of  the 
Russian  Academy  of  Sciences,  Pobeda  Str.41, 236017  Kaliningrad,,  Russia) 
L.W.  Baran  (Institute  of  Geodesy,  Olsztyn  University  of  Agriculture  and 
Technology,  Oczapowski  Str.l,  10957  Olsztyn,  Poland) 

GPS  observations  of  Polish  IGS  stations  were  used  for  ionospheric  TEC  variation 
detemtination  at  middle  latitudes.  Absolute  TEC  has  been  routinely  estimated  from 
code  GPS  measurements  over  1995-1997.  We  present  the  analysis  of  day-to-day 
diurnal,  seasonal  and  storm-time  variations.  Variations  of  TEC  are  discussed  with 
one  of  foF2  at  Warsaw.  It  was  found  that  at  minimum  solar  activity  in  seasonal 
behaviour  of  TEC  the  distinct  minimum  may  be  seen  on  December-Januaiy  at  the 
same  time,  the  expected  equinoctial  maximum  is  poor.  Using  TEC  measurements 
and  data  of  foF2  the  ionospheric  slab  thickness  (r)  was  determined.  That  parameter 
is  useful  for  analysis  of  day-time  ionosphere.  The  determined  night  slab  thickness  Is 
very  changeable  because  the  night  TEC  is  comparable  with  errors  of  GPS 
measurements.  The  behaviour  of  measured  TEC  and  t  have  been  compared  with  IRI 
model.  We  also  present  the  storm-time  effects  in  ionosphere.  The  major  feature 
during  storm  is  significant  TEC  increase  (positive  phase  of  storm).  For  winter  the 
increase  makes  up  factor  of  1, 5-3.0.  The  negative  phase  of  storftl  is  poorely 
distinctable. 


ON  THE  IONOSPHERE  CALIBRATION  IN  ATMOSPHERIC 
LIMB  SOUNDING 
S.  Syndergaard  (1)  and  P.  Hoeg  (1) 

(1)  Danish  Meteorological  Institute,  Copenhagen,  DK-2100  Denmark. 
Elimination  of  the  ionospheric  contribution  to  atmospheric  delays  in  satellite 
to  satellite  limb  sounding  is  very  crucial  in  order  to  obtain  accurate  pressure 
and  temperature  profiles  above  the  tropopause.  The  so  called  ionosphere  free 
combination  of  the  LI  and  L2  carrier  phases  is  not  sufficient  because  of  the  non- 
negligible  bending  of  the  two  ray  paths.  Due  to  the  dispersive  nature  of  the 
ionosphere  the  LI  and  L2  signals  will  follow  slightly  different  paths,  giving  rise 
to  an  ionospheric  residual,  referred  to  as  the  splitting-bending  term.  Also  higher 
order  ionospheric  terms  contribute  to  the  residual,  but  the  splitting-bending 
term  is  the  most  influent.  Vorob’ev  and  Krasil’nikova  (1993)  introduced  the 
idea  of  a  linear  combination  of  the  LI  and  L2  bending  angles.  This  method  gives 
the  better  results  in  most  cases,  but  still  suffers  from  various  approximations, 
one  of  them  being  the  assumption  of  spherical  symmetry  in  the  ionosphere. 
Heading  towards  solar  maximum  the  need  for  a  better  model-independent  iono¬ 
sphere  calibration  scheme  will  become  evident.  Also,  to  exploit  the  potential 
accuracy  of  future  GPS  receivers  it  is  necessary  to  find  a  better  correction  of 
the  ionosphere  than  the  ones  used  at  present. 

In  a  simulation  study  we  have  estimated  the  residuals  for  various  conditions  in 
the  ionosphere,  and  we  show  how  both  the  splitting-bending  and  the  second 
order  ionosphere  effects  can  be  mitigated  using  measurements  of  the  satellite 
to  satellite  Total  Electron  Content  (TEC). 
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MULTIPATH  INFLUENCE  ON  ATMOSPHERE  - 
IONOSPHERE  PROFILING. 

Kunitsyn  V.E.,  Zakharov  V.I.  (Phys  Faculty,  Moscow  State  Univers., 

1 19899,  Russia ) 

The  main  difficulties  of  using  GPS/MET  system  for 
atmospheric  and  ionospheric  profilling  are  the  multipath  in 
propagation  media.  The  basic  causes  of  multipath  propagation  are  the 
reflection/scattering  from/on  the  protonosphere-ionosphere-atmosphere 
irregularities  and  the  reflection  from  the  Earth  rough  surface.  The 
umegular  character  of  such  processes  is  connected  with  the  spacebom 
flight  geometry  and  Earth  surface  roughness.  The  multipath  leads  to 
the  disturbations  on  the  recording  parameters  profiles  -  doppler  shift  or 
angle  refraction.  For  the  doppler  profiles  this  disturbations  are  the 
beating  between  different  rayes.  Moreover,  the  beating  frequency  is 
depended  on  the  spaceboms  positions  and  orbits.  This  frequency 
reaches  above  some  Hz,  as  it  was  founded  by  END-TO-END 
modelling.  The  beatings  can  appear  at  the  height  above  20  km,  this  fact 
of  numerical  simulation  is  verified  by  many  experimental  data  -  the 
"splashes"  appear  on  the  doppler  altitude  profile.  This  effect  has  great 
influence  on  ionospheric  profiling,  because  the  beating  frequency 
reaches  value  above  or  even  more  regular  effects  in  some  cases. 


GIO  Satellite  and  airborne  gravimetric  and  altimetric 
techniques 

Convener:  Forsberg,  R. 

Co-Convener:  Haagmans,  R. 


ASSESSMENT  OF  GRAVITY  FROM  ERS  ALTIMETRY  AND 
AIRBORNE  GRAVIMETRY  IN  POLAR  SEAS 

D.  C.  McAdoo  (1),  S.  Laxon  (2),  V.  A.  Childers  (3) 

(1)  U.S.  NOAA,  NODC,  LSA,  (2)  University  College  London,  Space  and 
Climate  Physics  Dept,  (3)  U.S.  Naval  Research  Laboratory 
dave@comet.grdl.noaa.gov/Fax:+l-301-713-4598 

ERS  satellite  radar  altimeter  waveform  data  have  been  used  to  produce  high 
resolution  gravity  fields  for  all  Arctic  seas  south  of  82  degrees  north 
including  permanently  ice-covered  seas  (Laxon  and  McAdoo,  Science.  1994; 
Eos.  1997)  and  for  Antarctic  Seas  (McAdoo  and  Laxon,  Science.  1997).  The 
Naval  Research  Laboratory  has  used  GPS  kinematic  carrier  phase  positioning 
to  make  revolutionary  airborne  gravimetric  surveys  of  the  Arctic  (Brozena 
et  al.,  lAG  Svmo.  v  1 17,  1997).  We  have  compared  selected  NRL  airborne 
gravimetric  results  in  the  Arctic  with  the  ERS  altimetric  gravity  and  obtained 
excellent  results.  Selected  comparisons  in  the  Canada  Basin  show  an  rms 
agreement  of  better  than  4mGa].  Also,  spectral  coherency  analyses  show  that 
these  two  results  are  coherent  to  wavelengths  as  short  as  30  km.  This  implies 
that  these  two  independent  techniques  both  do  a  very  good  job  of  resolving, 
spatially,  the  details  in  the  gravity  field.  This  resolution  allows  detection  of 
gravity  anomalies  that  reveal  tectonic  details  which  are  imprinted  in  the 
seafloor  including  an  apparent  extinct  spreading  ridge  in  the  Canada  Basin. 


AIRBORNE  GRAVIMETRY  AND  ALTIMETRY  CAMPAIGN  IN  THE 
AZORES  REGION 

L.  Bastos  (I),  S.  Cunha  (1),  L.  Timmen  (2),  M.  Nesemann  (2),  G.  Xu  (2),  T.  Boebel 
(3),  U.  Meyer  (3),  R.  Forsberg(4),  A.V.  Olesen  (4),  A.  Gidskehaug  (5),  K.  Hehl  (6) 
(1)  University  of  Porto,  (2)  GeoForschungsZentrum,  Potsdam,  (3) 
Alfred-Wegener-Institute,  Bremerhaven,  (4)  National  Survey  and  Cadaste, 
Copenhagen,  (5)  University  of  Bergen,  (6)  Technische  Fachhochschule  Berlin 

In  the  scope  of  the  european  project  AGMASCO,  an  airborne  gravimetry  and  altimetry 
campaign  has  been  realized  in  the  Azores  region  in  October  1997,  The  system  used 
has  been  developed  by  the  AGMASCO  group  and  installed  in  a  CASA  Aviocar 
aeroplane  of  the  Portuguese  Aitforce.The  system  was  specially  designed  to  operate  in 
coastal  and  shelf  regions  where  satellite  altimetry  fails  to  give  the  desired  information 
about  sea  surface  topography.  The  Azores  region,  lying  in  the  confluence  of  three 
main  tectonic  plates,  the  Azores  Triple  Junction,  is  considered  a  natural  laboratory  for 
earth  sciences  research.  The  sea  bottom  topography  shows  peculiar  features  with 
active  volcanism  being  detected.  Also  from  the  oceanographic  point  of  view  the  region 
presents  very  interesting  characteristics  which  are  not  yet  well  known.  In  this 
campaign  a  survey  of  the  Azores  area  from  latitude  37  to  40  N  and  longihide  25  to  3 1 
W  was  realized.  Shipbome  measurements  were  also  done  along  some  of  the  airborne 
profiles  by  the  oceanographic  vessel  of  the  University  of  Bergen.  Results  from  satellite 
altimetry,  airborne  and  shipbome  measurements  will  be  compared  and  combined  to 
improve  geoid  and  SST  definition  in  this  region.  In  the  paper  results  obtained  so  far 
with  this  Azores  campaign  are  presented  and  discussed.  The  system  architecture  is  also 
refered. 


Airborne  Gravimetry  and  Altimetry  in  North  Greenland  and 
Fram  Strait  -  NORDGRAV  ’97 

T.  Boehel  (3),  L.  Bastos  (2),  S.  Cunha  (2),  R.  Forsberg(4),  A.  Gidskehaug  (5),  K.  Hehl 
(6),  U.  Meyer  (3),  H.  Miller  (3),  M.  Nesemann  (1),  A.V.  Olesen  (4),  L.  Timmen  (I), 
G.  Xu(l) 

(1)  GeoForschungsZentrum  Potsdam,  (2)  University  of  Porto,  (3)  Alfred- Wegener-In- 
stitute,,  Bremerhaven,  (4)  National  Survey  and  Cadaste,  Copenhagen,  (5)  University 
of  Bergen,  (6)  Technische  Fachhochschule  Berlin 
tboebel  @ awi-bremerhaven.de/Fax ;  449-47 1-4831-149 

An  airborne  gravity  and  altimetry  system  has  been  developed  and  implemented  in  the 
research  aircraft  Polar-2  of  the  Alfred  Wegener  Institute  (AWl)  by  the  AGMASCO 
group.  This  installation  is  designed  to  operate  in  regions  which  are  not  covered  by 
altimetry  satellite  orbits,  therefore  local  gravity  structures  and  seasurface  topography 
are  not  resolved  by  satellite. 

The  AWI,  the  Danish  National  Survey  and  Cadastre  and  the  University  of  Bergen 
have  carried  out  a  gravity  and  altimetry  survey  across  Fram  Strait  and  in  the  north  of 
Greenland  during  summer  ’97:  NORDGRAV  '97. 

The  main  objective  of  these  experiment  was  to  transfer  this  in  lower  latitude  tested 
airborne  technique  to  polar  regions.  Gravity  anomalies  over  the  Spitsbergen  Fracture 
Zone,  Yermak  Plateau  and  Morris  Jessup  Rise  were  mapped. 

Simultaneously  to  NORDGRAV  ’97  shipbome  gravity  and  oceanographic  measure¬ 
ments  were  carried  out  ott^RV  Polarstern.  First  results  from  the  airborne  measurement 
and  comparision  to  the  shipbome  measurement  will  be  presented. 
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COMPARISON  OF  VARIOUS  CONFIGURATIONS  OF 
ACCELEROMETERS  FOR  STRAPDOWN  AIRBORNE 
GRAVIMETRY 

G.  Boedecker 

Bayerische  Akademie  der  Wissenschaften,  BEK,  Miinchen 
boe@bek,  badw-muenchen.de  /  Fax:  +49-89-2303 1  100 

For  strapdown  airborne  gravimetry,  various  sensors  are  being  developed  on 
the  basis  of  inertial  grade  accelerometers.  Sensor  configurations  of  one 
accelerometer  or  triads  of  non-Ofthogonal  or  orthogonal  accelerometers, 
either  in  skew  (“umbrella”)  or  vertical  /  horizontal  /  horizontal  configuration 
all  have  specific  characteristics  and  requirements  in  the  context  of  system 
embedding.  From  both  theoretical  considerations  and  practical  experiences 
including  numerical  results,  the  various  configurations  are  discussed. 


AIRCRAFT  ACCELERATION  FROM  GPS  FOR  AIRBORNE  GRAVIMETRY:  " 
A  COMPARISON  OF  TECHNIQUES 

A.  M.  Bruton.  C.  L.  Glennie  and  K.P.  Schwari, 

Department  ofCeomatics  Engineering.  The  University  of  Calgary,  Canada, 
e-mail:  ambruton@acs.ucalgary.ca,  Fax:  403  284  1980 

The  performance  of  an  airborne  gravity  system  at  a  given  resolution  is  a  function  of  the 
accuracy  of  each  of  it's  components  at  that  resolution.  As  the  resolution  of  a 
DGPS/TNS  airborne  gravity  system  is  increased,  the  accuracy  of  the  GPS-derived 
aircraft  acceleration  is  a  critical  factor  limiting  It's  accuracy.  Higher  accuracy  short 
wavelength  information  will  become  available  when  the  resolution  of  GPS-derived 
acceleration  is  improved.  CPS  accuracy  in  the  coirespunding  frequency  range  is  a 
function  of  the  measurement  errors  and  the  modeling  and  estimation  techniques  that  are 
used.  The  objective  of  this  paper  is  to  evaluate  the  influence  of  these  ejects  as  the 
upper  limit  of  the  frequency  band  of  interest  is  increased  and  to  suggest  suitable  - 
methods  of  determining  vehicle  acceleration  from  GPS  for  airborne  gravimetry.  This 
will  be  done  In  three  pans.  First,  a  comparison  will  be  made  between  the  results 
obtained  by  estimating  the  position  and  velocity  of  the  aircraft  using  different 
kinematic  models.  Constant  velocity  and  constant  acceleration  models  will  be  applied 
and  compared.  A  carrier  phase  derived  Doppler  will  also  be  used  to  estimate  v^icle 
velocities.  Second,  since  the  acceleration  of  the  aircraft  will  be  derived  by 
differentiating  the  estimates  of  its  position  and  velocity,  several  methods  of 
differentiation  will  be  considered.  They  include  die  differentiation  of  interpolating 
polynomials  implemented  as  a  Savlaky-Golay  smoothing  filter,  the  differentiarion  of  a 
natural  spline  approximation  and  the  application  of  several  digital  FIR  and  HR 
differentiating  filters.  Third,  the  combination  of  estimates  of  vehicle  acceleration 
obtained  using  several  ground-based  DGPS  reference  stations  will  be  considered.  Data 
from  flight  tests  flown  in  the  Canadian  Rocky  Mountains  will  be  used  for  this 
evaluation.  The  assessment  of  the  accuracy  of  each  method  will  be  based  on 
comparing  the  results  with  an  independent  gravity  field  reference.  Results  will  be 
analyzed  in  flight  lines  where  the  vehicle  dynamics  are  relatively  constant  and  in  turns 
where  the  dynamics  are  considerably  higher. 


THE  EUROPLATFORM  EXPERIMENT:  TESTING  PRECISE,  LONG- 
RANGE  KINEMATIC  GPS  FOR  REMOTE-SENSING 

Oscar  L.  Colombo  (1)  visiting  at  (2),  George  J.  Husti  (2),  Alex  A.  Damhuis  (3). 

(1)  University  of  Maryland/NASA  GSFC,  926;  (2)  Delft  University  of  Technology, 
Faculty  of  Geodetic  Engineering;  (3)  Survey  Department,  Directorate-General  for 
Public  Works  and  Water  Management  (The  Netherlands). 
ocolombo@geodesy2.gsfc.nasa.gov,  g.j.husti@geo.tudelft.nl, 
a.a.Damhuis@mdi.rws.minvenw.nl 

Surveys  of  large  areas  using  GPS  to  register  or  correct  altimetric,  gravimetric, 
photogranimetric,  or  sonar  data  often  take  place  far  from  GPS  reference  sites.  In 
order  to  test  the  long-range  accuracy  of  kinematic  GPS,  the  Europlatform 
experiment  was  conducted  in  the  North  Sea,  on  the  17  of  December,  1996.  Dual¬ 
frequency  carrier-phase  and  pseudo-range  were  collected  at  1  Herz,  for  almost  5 
hours,  simultaneously  at  the  platform  (off  the  coast  of  Holland)  and  at  a  number  of 
sites  in  different  European  countries,  including  some  EUREF  sites  that  were  used  as 
fiducial  stations.  The  other  fixed  sites  were  tied  to  the  combined  EUREF  solution 
for  week  884.  Distances  from  the  platform  to  the  various  sites  ranged  from  40  km  to 
1300  km.  Ail  data  were  post-processed  using  software  developed  by  the  first  author. 
Non-fiducial  station  and  rover  coordinates  were  nearly  free-adjusted,  with  a  priori 
sigmas  of  100  m  per  coordinate.  Carrier-phase  "L3"  biases  were  estimated  as  real 
numbers.  The  resulting  trajectories  were  accurate  to  <10  cm  in  both  r.m.s.  and  mean 
(or  less  than  one  part  in  10'  of  the  distance  to  the  nearest  receiver),  using  either  the 
(final)  IGS  SP3  orbits,  or  the  broadcast  orbits  adjusted  together  with  the  trajectory. 


FEASIBILITY  STUDY  OF  MULTIKILOHERTZ  SPACEBORNE 
MICROLASER  ALTIMETERS 

J.  Degnan  and  J.  McGany 

Code  920.3,  NASA  Goddard  Space  Flight  Center,  Greenbelt,  MD  20771  USA 
jjd@ltpmail. gsfc.nasa.gov/Fax:  1-301-286-0213 

Various  laser  altimeters  have  recently  operated  successfully  in  space  from  both 
Earth  and  Mars  orbits.  Desirable  features  of  future  laser  altimeters  include  more 
contiguous  coverage  (i.e.  higher  repetition  rates  and/or  wider  swaths)  and  higher 
spatial  resolution  in  both  the  transverse  and  vertical  dimensions.  At  the  same  time, 
there  is  a  need  to  develop  prime  power  efficient  devices  for  spacebome  use,  and 
these  two  contrary  goals  tend  to  push  the  hardware  characteristics  in  opposite 
directions.  NASA  has  recently  been  developing  an  eyesafe,  fully  automated 
Satellite  Laser  Ranging  system,  “SLR2000”,  which  is  designed  to  track  artificial 
satellites  equipped  with  passive  optical  retroreflector  arrays.  This  system  utilizes 
multikilohertz  low  energy  (-100  pJ/pulse)  passively  Q-switched  microlaser 
transmitters? •pixellated  array  detectors  for  simultaneous  ranging  and  pointing  angle 
correction,  and  special  “correlation  range  receivers"  which  can  identify  and  recover 
extremely  weak  refiected  signals  from  the  dominant  daylight  noise  background 
(S/N<  10  ’)  through  post-detection  Poisson  filtering  techniques.  We  investigate, 
through  theoretical  analysis  and  computer  simulation,  the  potential  utility  of  this 
innovative  technology  in  developing  compact,  low  prime  power,  high  spatial 
resolution  laser  altimeters  designed  to  operate  from  Earth  or  planetary  orbits. 


GEOID  AND  SEA-SURFACE  TOPOGRAPHY  DETERMINATION  BY 
AIRBORNE  TECHNIQUES 

R.  Forsberg,  A.  Olesen(l),  L.  Bastos(2),  A.  Giskehaug  (3),  K.  Hehl(4),  T.  Boebel,  U. 
MeyeifS),  M.  Nesemann,  G.  Xu,  L.  Timmen(6) 

( 1)  Kort  &  Matrikelstyrelsen,  Denmark,  (2)  University  of  Porto,  Portugal, 

(3)  University  of  Bergen,  Norway,  (4)  Technische  Hochfachschule,  Berlin, 

(5)  Alfred  Wegener  Institute,  Germany,  (6)  GFZ  Potsdam,  Germany. 
avo@kms.min.dk. 

Airborne  altimetry  has  the  same  potential  as  satellite  altimetry  to  define  the 
instantanous  sea-surface,  but  in  addition  airborne  gravity  may  be  used  to  determine  the 
geoid.  By  combining  the  two  techniques  it  is  in  principle  possible  to  separate  the 
oceanographic  sea-surface  topography  from  the  geoid.  In  the  paper  the  genera! 
principles  of  airborne  geoid  determination  will  be  reviewed,  and  the  methods  applied 
to  AGMASCO  data  from  the  Skagerrak  region.  Resulting  geoid  undulations  will  be 
evaluated  by  comparisons  to  GPS-levelling  onshore,  and  to  Topex/ERS  altimetiy  and 
oceanographic  models  at  sea. 


GEOID  REFERENCED  ELEVATION  MODELS  AND  ORTHO-RECTlFlED 
■MAGE  MAPS  FROM  SYNTHETIC  APERTURE  RADAR 

C.  L.  Glennie  (IX  A.  M.  Bruton  (IX  K.  P.  Schwaiz  (IX  M.  Wei  (2)  uid  K.  Tennant  (2) 
(I)  Department  of  Geomatics  Engineering,  The  University  of  Calgary,  (2)  Intermap 
Tedtnologies  Ltd. 

E-mail:  8mbniton@acs.ucBlgary.cn,  Fax:  403  284  1980 

The  Injective  of  this  paper  is  to  introduce  and  describe  the  concept  of  using  strapdown 
aifbome  gravimetry  to  reference  mapping  products  derived  from  Interferometric 
Synthetic  Aperture  Radar  (IFSAR)  to  the  geoid.  Calgary-based  Interm^  Technologies 
l^.  b  a  digital  mapping  company  that  focuses  on  providing  digital  elevation  models, 
and  wdio-recUned  images  using  an  interferometric  radar  system  called  the  STAR-3i. 
Intermap  Technologies  Ltd.  in  partnership  with  foe  University  of  Calgary  has 
develop^  a  product  capable  of  providing  geoid  referenced  digital  elevation  modeb  and 
oitbo-rectifled  images. 

Using  the  IFSAR  technology,  foe  STAR-3i  provides  a  new  generation  of  airborne  radar 
digital  elevation  modeb  and  ortbo-rectifled  image  maps.  The  STAR-3i  consists  of  two 
X-band  rad4r  antennas  mounted  on  a  LearJet36.  The  data,  which  b  collected 
simultaneously  for  foe  two  antennas,  b  combined  by  a  digital  correlation  process  to 
extract  terrain  information.  STAR-3i  uses  integisued  DGPS/TNS  navigation  results  to 
obtain  highly  accurate  positioning  and  orientadmi  control. 

The  Univenity  of  Calgary  has  developed  software  to  extract  gravity  disturbance 
infonnation  from  foe  DGPS/INS  data  collected  in  foe  STAR-3i  system.  Using  foe 
gravity  information,  a  precise  relative  geoid  b  determined  for  foe  flight  area.  By 
combining  fob  geoid  with  foe  EGM  96  geopotential  model,  foe  mapping  products 
derived  from  the  STAR-3i  system  can  be  directly  referenced  to  foe  geoid. 

The  STAR-3i  system,  and  foe  mefood  of  extracting  the  geoid  from  foe  integrated 
DGPS/INS  dau  will  be  presented.  An  analysb  of  foe  accuracy  of  the  system  will  also 
be  pven.  Based  on  a  preliminary  analysb,  fw  a  flight  elevation  of  6000  meters  and 
flight  speed  of  700  kni/h,  foe  accuracy  of  foe  geoid  reference  b  better  than  1  metre 
RMS  globally,  and  better  in  some  local  areas.  The  accuracy  of  the  STAR-3i  elevation 
map  b  1  to  2  metres  RMS. 
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A  MEAN  SEA  SURFACE  DEDICATED  TO  OCEAN  STUDIES: 
GLOBAL  ESTIMATION 

F.  Hernandez  (I),  P.  Schaeffer  (I),  P.-Y.  Le  Traon  (1),  F.  Mertz  (1),  P.  Bahurel  (2) 
(1)  CLS/Space  Oceanography  Div.,  Ramonville,  France.  (2)  SHOM/CMO, 
GRGS/BRESM,  Toulouse,  France. 
hemandez@cls.cnes.fr/Fax  :+33  561  751  014 

Topex/Poseidon  (T/P),  GEOSAT,  and  ERS-1  improved  altimetric  dataset  are  used 
to  estimate  a  mean  sea  surface  (MSS).  This  MSS  is  dedicated  to  oceanography, 
focusing  on  the  accuracy  of  the  mean  sea  height  along  the  satellite  ground  tracks. 
The  3-years  T/P  accurate  (1.2  cm  rms)  mean  profile  is  processed  to  reference  the 
MSS.  A  two-year  ERS-1  mean  profile  is  calculated  by  merging  phase  C  and  G 
dataset,  with  a  1.6  cm  rms  accuracy.  The  two-year  GEOSAT  mean  profile  is  2  cm 
rms  accurate.  These  two  profiles  are  adjusted  to  T/P.  The  data  of  the  two  168-day 
ERS-1  geodetic  cycles  are  also  used,  to  provide  a  global  8  km  resolution  to  the 
MSS.  For  all  the  ERS-I  data,  the  ocean  variability  is  removed  from  the  sea  surface 
height  by  subtracting  the  T/P  sea  level  anomaly,  then  the  orbit  error  are  also 
reduced  by  spline-fitting  with  T/P  arcs,  allowing  a  6.5  cm  rms  accuracy.  EGM96 
geoid  is  removed  to  the  data.  A  suboptimal  inverse  technique  is  applied  to  estimate 
the  MSS  from  these  residuals,  on  a  1/16®  grid.  This  technique  take  into  account  the 
long  wavelength  biases  on  altimetric  arcs  and  also  the  oceanic  variability  noise. 
The  MSS  is  validate  first  by  analyzing  discrepancies  with  the  mean  profiles ;  c.g., 
less  than  0.8  cm  rms  and  0.1  cm/km  rms  wii  the  T/P  mean  profile  in  the  Nonh 
East  Atlantic.  Its  accuracy  is  improved  compared  to  other  MSS,  particularly  at 
small  scales.  And  there  are  about  4.7  and  5.2  cm  rms  discrepancies  with  OSU95 
MSS  and  the  GRGS  MSS  respectively,  in  our  test  area. 


RECOVERY  OF  THE  GLOBAL  MARINE  GRAVITY  HELD  FROM  MLTTI 
MISSION  SATELLITE  ALTIMETRY 

Per  Knudsen  and  Ole  Baltazar  Andersen  (Kort  Sc  Matrikelstyrelsen, 

Rentemestervej  8, 2400  Copenhagen  NV.  Denmark, 

E-mail:  pk@kms.min.dk,  oa@kms.min.dk) 

Satellite  altimetry  from  the  GEOSAT  and  the  ERS-1  geodetic  missions  provide 
altimeter  data  with  a  very  dense  coverage.  Hence,  the  gravity  field  may  be  recovered 
very  detailed.  Satellite  altimetry  from  the  35  days  repeat  cycle  mission  of  the  ERS 
satellites  and,  especially,  from  the  10  days  repeat  cycle  TOPEX/POSEIDON  satellite 
mission  provide  accurate  mean  sea  surface  heights  along  the  ground  tracks  of  those 
missions.  In  this  study  the  global  marine  gravity  field  has  been  derived  using  the 
altimetry  from  the  geodetic  missions.  This  was  done  in  small  cells  covering  the  worlds 
ocean  using  advanced  techniques  for  crossover  adjustment,  gridding  by  local 
collocation,  and  conversion  of  sea  surface  heights  into  gravity  by  FFT.  Then  averaged 
sea  surface  heights  of  the  repeat  missions  were  used  to  construct  an  accurate  mean  sea 
surface.  To  enhance  the  resolution  of  the  mean  sea  surface  the  altimetry  from  the 
geodetic  missions  was  utilized.  Marine  geoid  heights  derived  from  the  altimetric 
gravity  was  used  for  this  task.  The  advantage  of  such  a  procedure  is  that 
inconcistences  along  the  edges  of  the  small  cells  may  be  avoided. 


HIGH-RESOLUTION  AIRBORNE  GRAVITY  SURVEY  OF  SKAGERRAK 

A.  Olesen,  R.  Forsberg(l),  L.  Bastos(2),  A,  Giskehaug  (3),  K.  Hehl(4),  U. 

Meyer(5),  L.  Timmen(6) 

(1)  Kort  &  Matrikelstyrelsen,  Denmark,  (2)  University  of  Porto,  Portugal, 

(3)  University  of  Bergen,  Norway,  (4)  Technische  Hochfachschule,  Berlin, 

(5)  Alfred  Wegener  Institute,  Germany,  (6)  GFZ  Potsdam,  Germany. 
avo@kms.min.dk. 

As  part  of  the  EU-MAST  airborne  geoid  determination  project  AGMASCO,  an 
airborne  gravity  survey  has  been  carried  out  over  the  Skagerrak  region  between 
Denmark  and  Norway.  The  region  has  several  geologically  distinct  gravity  anomalies 
due  to  salt  domes  and  volcanic  intrusions,  and  therefore  is  a  good  region  for  testing  the 
quality  and  resolution  of  airborne  gravity.  In  the  paper  the  survey  and  processing 
techniques  are  outlined,  along  with  the  principles  of  an  improved  error  model  for  the 
used  Lacoste  and  Romberg  ?Ultrasys?  airborne  gravimeter.  The  airborne  gravity 
measurements  are  evaluated  by  cross-over  statistics  and  upward  continuation  of 
high-quality  ground  data,  indicating  an  accuracy  of  2  mgal  at  a  resolution  of  6  km  for 
the  airborne  data. 


INTRODUCTION  OF  OCEAN  CIRCULATION  MODEL 
INFORMATION  IN  GLOBAL  GEOPOTENTIAL  SOLUTIONS: 
PRELIMINARY  RESULTS 


N.K.  Pavlis.  Y.M.  Wang,  D.S.  Chinn  and  C.M.  Cox  (Hughes  STX  Coip., 
7701  Greenbelt  Rd.,  Greenbelt,  MD  20770,  USA) 

F.G.  Lemoine  (Laboratory  for  Terrestrial  Physics,  NASA  GSFC, 
Greenbelt,  MD,  20771,  USA) 

The  two-year  mean  (1993-1994)  Dynamic  Ocean  Topography  (DOT) 
field  implied  by  the  POCM_4B  circulation  model  was  used  to  develop 
normal  equations  for  DOT,  in  a  surface  spherical  harmonic 
representation.  A  corresponding  Mean  Sea  Surface  derived  from 
TOPEX/POSEIDON  and  ERS-I  data  was  used  to  compute  corresponding 
normal  equations  for  gravitational  harmonic  coefficients  and  for  DOT 
coefficients.  These  two  sets  of  normals  were  combined  with  normals 
from  satellite  tracking  data  analysis  and  from  surface  gravimetric  data 
analysis.  Several  combination  solutions  were  developed  in  this  fashion, 
by  varying  parameters  such  as  the  maximum  degree  of  the  estimated 
DOT  and  the  relative  weights  of  the  different  data.  The  solutions  were 
evaluated  in  terms  of  orbit  fit  residuals,  GPS/Leveling-derived 
undulations,  and  independent  DOT  information  from  in  situ 
hydrographic  sources. 

The  results  from  these  tests  will  be  discussed  with  particular  emphasis  on 
the  weighting  of  the  DOT  information  implied  by  POCM_4B. 
Directions  for  future  work  and  problematic  areas  will  be  identified. 


ALTIMETRIC  GRAVITY  ANOMALIES  BASED  ON  GEOSAT 
AND  ERS-1  GEODETIC  MISSION  DATA 

M.  Rentsch,  M.  Anzenhofer,  Th.  Gruber  and  K.H.  Neumayer 
GeoForschungsZentrum  Potsdam  (GFZ),  Division  1,  D-PAF  c/o  DLR  e.V., 
Oberpfaffenhofen,  D-82234  WeBling,  Germany.  adp(®dfd. dlr.de. 

Two  areas  were  selected  for  the  computation  of  high-resolution  marine  gravity 
fields,  the  first  one  along  the  Mid-Atlantic  Ridge  (30.5‘’S  -  36.5®S)  and  the 
second  one  around  the  Azores  (41®N  •  36®N).  For  the  Geodetic  Missions  of 
ERS-1  (Apr94  till  Mar95)  and  Geosat  (Apr85  till  Sep86)  sea  surface  slopes  in 
along-track  and  in  direction  of  the  crossing  tracks  were  derived  at  each  single 
1-Hz  altimeter  point.  The  slopes  then  were  converted  to  east  and  north  vertical 
deflections  which  were  interpolated  at  a  regular  grid  with  2’  x  2’  resolution 
and  low-pass  filtered.  Finally  the  gravity  anomalies  were  calculated  from  the 
deflection  grids  by  using  a  2-dimensional  Fast- Fourier  transformation  (FFT). 
For  the  first  test  site  two  separate  solutions  based  on  ERS-1  and  Geosat  GM 
data  were  generated,  as  well  as  a  solution  based  on  the  combination  of  these 
data.  Quality  tests  were  performed  by  comparing  the  altimetric  derived  anoma¬ 
lies  with  anomalies  from  the  gravity  maps  of  several  authors,  and  in  addition 
with  validated  and  adjusted  shipboard  gravity  data,  For  the  second  area  com¬ 
parisons  w’ere  performed  with  first  results  of  airborne  derived  gravity  anomalies. 


DEVELOPMENT  OF  THE  END-TO-END  CLOSED  LOOP  SIMLXATION 
FACILITY  FOR  ESA'S  GRAVITY  EXPLORER  COCE 

A.  Seligi.  P.  Hoyngl,  R.  Koop2,  P.  Visser2,  N.  Sneeuw3 
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GOCE  (Gravity  field  and  Steady-State  Ocean  Circulation  Explorer)  is  one  of  the  four 
selected  ESA  Earth  E.xplorer  Missions  which  will  enter  a  Phase  A  (System  Baseline 
Definition  Phase).  The  main  objective  of  GOCE  is  to  determine  the  eanh's  gravity 
field  with  a  high  resolution  and  a  high  and  homogeneous  accuracy.  Disciplines  like 
Oceanography,  Geophysics  and  Geodesy  will  greatly  benefit  from  such  improved 
gravity  field  know  ledge.  GOCE  will  utilize  two  space  techniques:  Satellite  to  Satellite 
Tracking  (SST)  by  means  of  an  on-board  GPS/GLONASS  receiver,  for  orbit 
determination  and  retrieval  of  the  long  and  medium  wavelength  components  of  the 
gravity  field,  and  Satellite  Gravity  Gradiometry  (SGG)  for  the  retrieval  of  the  gravity 
field  up  to  the  shon  wavelengths.  The  3-axis  SGG  instrument  is  a  new  technological 
development.  Presently  there  are  two  concepts  for  the  gradiometer:  the  capacitive 
gradiometer  operating  at  room  temperature  and  the  more  accurate  inductive 
gradiometer  operating  at  cryogenic  temperature.  The  objective  of  the  simulation 
facility  is  to  couple  all  system  aspects  of  satellite,  including  attitude  and  orbii'drag 
control,  and  SGG  instrument  parameters  with  the  environment  (orbit,  gravity  field, 
atmosphere,  etc).  As  a  typical  follow-up  for  classical  error  propagation  methods,  such 
a  simulator  will  allow  to  rather  realistically  study  the  sensitivity  of  the  higher  level 
data  products  to  instrument  and  satellite  subsystem  errors.  We  will  show  the 
development  scheme  of  the  simulator  together  with  the  preliminary  results  for  the 
sensitivity  of  the  retrieved  geoid  to  SGG  test  mass  misalignments  and  scale  factor 
mismatches. 
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SPACE-BORNE  GRAVITY  GRADIOMETER 
L.V.Verozub 

Kharkov  State  University  ,  Kharkov  310077,  Ukraine. 
verozub®gravit . kharkov . ua 

We  propose  a  new  type  of  the  satellite  gravity  gradiometer.  The  gravity  gra- 
diometer  is  based  on  a  peculiarity  in  the  magnetic  interacting  of  superconduct¬ 
ing  solenoids  in  the  weightless  state.  The  energy  of  the  magnetic  interacting  of 
a  pair  of  superconducting  solenoids  in  weightless  state  with  persistent  currents, 
generally  speaking,  has  the  minimum  at  some  distance  between  the  solenoids. 
At  this  distance  the  solenoids  are  in  weak  equilibrium  stable  condition.  This 
solenoids,  coupled  by  ’’magnetic  spring”,  is  a  nonlinear  oscillator  with  a  low 
(0.0001  -  O.lHz  )  resonant  frequency.  By  using  an  electronic  damper  the  de¬ 
vice  can  works  as  a  null-detector  of  the  tidal  accelerations  of  the  solenoids, 
caused  by  the  second  derivative  of  the  Earth’s  gravity.  (The  sensitivity  up  to 
lO'^E  can  be  realized  )  The  gravity  gradiometer  can  be  used  in  geophysical 
survey,  inertial  navigation,  satellite  geodesy  .  (  A  prototipe  is  the  space-based 
gravitational-  wave  detector:  L.V.Verozub  ,  Gen.Relat.  and  Gravit.  1996,  No 
1,77). 


ALTIMETRIC  STUDY  OF  SEA  LEVEL  VARIATION  ON  THE 
MEDITERRANEAN  ALONG  ERS  AND  TOPEX  CAMPAIGNS 
Villares  P(l),  Catalan-  PU  M  .(1),  Rojas  JL(1). Catalan  M  (2).  Gomez-Enri 
J(l), Camacho  JC(1)  (1)  University  of  Cadiz  (2)  Real  Instituto  y  Observa- 
torio  de  la  Armada 

Traditionally  global  sea  level  changes  were  estimated  from  tide  gauge  mea¬ 
surements  collected  in  several  geographic  places,  mainly  harbours,  over 
present  and  last  century.  However,  the  main  problem  with  these  tempo¬ 
ral  series  is  that  they  measure  only  the  sea  level  change  compared  with  a 
fixed  reference  point,  frequently  deficiently  related  to  the  global  geodetic 
nets.Satellite  altimeter  mission  as  TOPEX-POSEIDON.  ERS-1  and  ERS-2 
should,  in  principle,  provide  improved  measurements  of  any  absolute  sea 
level  change  compared  with  a  precise  reference  frame  realised  through  the 
assigned  coordinates  of  the  satellite  tracking  stations  in  a  global  geodetic 
system,  whose  origin  coincides  with  the  earth  centre  of  mass.  We  present 
in  this  communication  the  sea  level  variation  time  series  in  the  cross  polnt.s 
of  the  Topex-Poseidon  satellite  over  the  Mediterranean  and  Black  sea  areas, 
as  computed  from  AVISO  MCC  series,  comparing  the  seseries  with  the  ones 
obtained  with  ERS  satellites  and  selected  tide  gauges  in  the  area. 


Gll  Recent  advances  in  precise  geoid  determination 
methodology 

Convener:  Tziavos,  I.N. 

Co-Convener:  Vermeer,  M. 


The  Computation  of  Mean  Sea  Surfaces  and  Marine  Gravity 
Anomalies  Using  Satellite  Altimeter  Data  from  TOPEX/ 
POSEIDON,  ERS-1  and  GEOSAT  Missions 

Y  M  Wang  /Hughes  STX  Corp.,  Greenbelt,  MD  20770) 

The  mean  sea  surfaces  have  been  computed  on  5'  x  5'  and  2'  x  2'  grid 
using  satellite  altimeter  data  from  the  TOPEX/POSEIDON,  ERS-1  and 
GEOSAT  missions.  The  data  used  includes  3  years  of 
TOPEX/POSEIDON  data  (Cycles  9  to  119),  1.5  years  of  ERS-1  35- 
day  repeat  data  (Cycles  1  to  18),  2  years  of  GEOSAT  ERM  data 
(Cycles  1  to  42),  10  months  ERS-1  Geodetic  Mission  (168-day  repeat) 
data,  and  18  months  GEOSAT  GM  data.  The  ocean  variability  effect  to 
the  mean  sea  surfaces  was  reduced  by  an  iteration  procedure.  The  ocean 
dynamic  topography  model  POCM4B  was  removed  from  the  mean  sea 
surfaces  to  obtain  the  geoid  undulations  over  the  ocean.  Based  on  these 
mean  sea  surfaces  implied  geoid  undulations  the  marine  gravity 
anomalies  were  computed  on  5'  x  5'  and  2'  x  2'  grid  using  the  inverse 
Stokes'  integral.  The  gravity  anomalies  were  also  computed  from  the 
mean  sea  surfaces  CSR95  and  OSU95  implied  geoid  undulations  using 
the  inverse  Stokes  integral.  Comparisons  between  ship  gravity  data  and 
the  gravity  anomalies  from  the  altimetry  will  be  presented.  The 
comparisons  between  the  altimetry  ^vity  anomalies  derived  by  various 
groups  using  different  techniques  will  also  be  shown. 


IMPROVING  THE  GEOID  ACCURACY  BY  ADOPTING  THE 

REFERENCE  FIELD 

H.  Abd-Elmotaal  (1)  and  N.  Kuhtreiber  (2) 

(1)  Civil  Engineering  Department,  Minia University,  MiniaBllll  Egypt,  (2)  In¬ 
stitute  of  Theoretical  Geodesy,  TU-Gras,  A-8020  Austria. 

In  the  frame  work  of  the  Austrian  Geoid  2000  project,  the  accuracy  of  the 
geoid  has  to  be  enhanced.  One  of  the  possibilities  is  to  adopt  the  used  reference 
field.  The  used  traditional  remove/restore  technique  has  the  ambiguity  of  the 
doublication  of  removing  the  effect  of  the  topography  and  its  compensation  for 
the  data  window.  To  avoid  such  a  doublication,  the  effect  of  the  topographic- 
isostatic  masses  for  the  used  fixed  data  window  has  been  subtracted  from  the 
reference  field  yielding  an  adopted  reference  filed.  This  adopted  reference  field 
has  been  used  for  the  remove/restore  technique.  The  paper  shows  a  comparison 
between  the  geoid  computed  by  the  adopted  reference  field  and  that  computed 
by  the  traditional  reference  field. 
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GRAVITY  FIELD  RECOVERY  FROM  AIRBORNE  GRAVITY 
GRADIOMETER  DATA  USING  COLLOCATION  AND  TAKING 
INTO  ACCOUNT  SYSTEMATIC  ERRORS 

D.  Arabelos  (1)  and  C.C.  Tscheming  (2) 

(1)  Department  of  Geodesy  and  Surveying,  Aristotle  University  of 
Thessaloniki,  (2)  Department  of  Geophysics,  University  of 
Copenhagen. 

Least  squares  collocation  is  a  very  efficient  method  for  Geodetic 
studies,  especially  in  the  case  that  the  noise  characteristics  of  the  data 
are  known.  In  many  earlier  applications  the  errors  affecting  the  data 
were  considered  uncorrelated,  mainly  due  to  the  difficulty  in  estimating 
the  systematic  character  of  such  kind  of  errors.  In  this  study,  error 
covariance  functions  of  airborne  gravity  gradiometer  data  are  estimated 
by  comparing  model  covariance  ftinctions  with  empirical  covariance 
functions  of  the  gravity  gradiometer  data.  The  model  covariance 
functions  were  estimated  from  accurate  surface  gravity  data  and 
continuated  upward  to  the  height  of  the  airborne  measurements  using 
the  covariance  propagation  law.  The  estimated  error  covariance 
functions  were  modeled  as  finite  ones  and  used  as  an  additional 
information  for  the  prediction  of  gravity  anomalies  from  gravity 
gradiometer  data.  The  assessment  of  the  prediction  results  was  made  by 
comparing  the  predicted  values  with  observed  gravity  anomalies. 


LNVESTIGATIONS  OF  THE  EARTH  FIGURE  BY  GRADIENTO- 
METRIC  DETERMINATIONS 

M.Barlik;  Institute  of  Geodesy  and  Geodetic  Astronomy,  Warsaw  Univer¬ 
sity  of  Technology;  00-661  Warsaw,  POLAND; 

Tel/fax:  (4822)  622-85-15;  e-mail:  barlik@gik.pw.edu.pl 

A  possibility  of  an  application  of  the  vertical  and  horizontal  gravity  gradient 
anomalies  to  the  construction  of  the  boundary  value  problem  is  presented 
in  the  paper.  The  kernel  integral  functions  are  given,  in  analogy  to  the 
Stokes’  and  Vening-Meinesz  functions.  Presented  approach  ought  to  be 
applied  in  geodetic  practice  taking  into  account  recently  obtained  precision 
of  geoid  and  height  differences  determinations  by  satellite  and  terrestrial 
data.  Results  of  gradientometric  determin.itions  on  the  geodetic  test  field  of 
the  Warsaw  University  of  Technology  near  Grybow  in  sub-mountain  area 
are  cited  in  the  paper.  The  comparison  beetwen  gravimetric  and  GPS- 
levelling  for  this  region  is  given. 


A  NEW,  MORE  ACCURATE  GEOID  FOR  CROATIA 

T.  Basic  (Faculty.of  Geodesy,  Kaciceva  26, 10000  Zagreb,  Croatia)  M.  Brkic 

A  new  geoid  of  Republic  of  Croatia  is  obtained  for  a  range  of  putposes,  particularly 
for  precise  height  definition  using  GPS  technology  and  for  planned  modeling  of 
Adriatic  Sea  bathymetry.  The  calculation  of  geoid  undulations  is  accomplished  by 
combining  gravity,  altimetry  and  GPS/leveling  data  as  well  as  a  global  geopotential 
model,  and  using  collocation  and  FFT  techniques  in  a  remove-restore  procedure. 
Taking  benefit  of  new  gravity  and  altimetry  data  resulted  in  significantly  more 
accurate  geoid  model  for  Croatian  territory,  what  can  be  seen  in  comparison  with  prior 
Croatian  geoid  solutions,  new  European  EGG97  geoid  and  GPS/leveling  data  as  well. 


DIFFERENT  WAYS  TO  HANDLE  TOPOGRAPHY  IN  PRACTICAL  GEOID 
DETERMINATION 

O.  C.  Dahl  (1,2)  and  R.  Forsberg  (2) 

(1)  Dept  of  Mapping  Sciences,  NLH,  Norway 

(2)  National  Survey  and  Cadastre,  Denmark 

In  this  paper  two  different  methods  of  how  to  handle  topography  in  geoid 
determination  is  investigated.  First  method  employs  the  RTM  remove-restore 
technique  and  yields  the  quasigeoid,  whereas  the  second  method  is  the  classical 
Helmert  condensation  method,  yielding  the  geoid.  Both  methods  were  used  with  the 
EGM96  geopotential  model  as  reference,  and  results  are  compared  to  precise  GPS 
levelling  networks  in  Scandinavia,  especially  an  accurate  GPS  data  set  from  the  very 
rugged  Sognefjord  region,  where  the  topography  was  represented  by  either  a  detailed 
(100  m)  or  a  coarse  (1000  m)  digital  terrain  model.  The  inclusion  of  bathymetry  in  the 
terrain  model  was  also  investigated.  Even  if  two  different  methods  were  used,  they 
produced  almost  identical  results  at  the  5  cm  level  in  the  mountains,  but  small 
systematic  differences  exist.  Results  show  that  it  is  important  in  practice  to  compare 
the  right  types  of  geoid  (classical  geoid  or  quasigeoid),  differences  in  residuals  are 
significant 


QGF98,  A  NEW  SOLUTION  FOR  THE  GRAVIMETRIC  QUASI¬ 
GEOID  IN  FRANCE. 

H.  Duquenne 

Ecole  Superieure  des  Geometres  et  Topographes,  1.  boulevard  Pythagore, 
F72000  LE  MANS,  France, 
hen  ri.duquenne@esgt  cnam.fr 

Efforts  are  continued  for  some  years  in  order  to  improve  high  resolution 
geoid  determination  in  France.  A  new  solution  is  presented,  based  on  the  new 
global  field  model  EGM96  and  taking  advantage  of  a  careful  scrutiny  of  the 
gravity  data  set.  The  new  solution  is  compared  to  a  GPS  levelled  network. 


COMPARISON  AND  COMBINATION  OF  A  GRAVIMETRIC 
GEOID  WITH  A  LEVELLED  GPS  DATASET  BY  STATISTICAL 
ANALYSIS. 

H  Duquenne  and  M.  Hamel 

Ecolc  Superieure  des  Geometres  ct  Topographes.  1,  boulevard  P\lhagore, 
F72000  LE  MANS,  France, 
henri  .duquenne@esgt.cnam .  fr 

For  GPS  levelling  applications,  it  is  convenient  to  express  the  height 
reference  surface  in  some  suitable  geodetic  reference  system  This  can  be 
obtained  through  a  set  of  levelled  GPS  points.  Unfortunately,  available  data 
are  sparse,  and  it  become  now  usual  to  interpolate  the  height  reference 
surface  issued  from  GPS  and  levelling,  using  a  gravimetric  geoid  Both 
surfaces  do  not  coincide  exactly  with  each  other.  At  this  point,  one  must 
compare  two  realization  of  the  geoid.  detect  outliers,  retrieve  (if  possible)  the 
causes  of  the  discrepancies  and  finally  combine  the  rtvo  kind  of  data.  The 
paper  presents  some  practical  solutions  to  these  problems. 
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^SMi^m^DATA  ISLAND  GEOrorBY^ANAtYSB  OF 

M.  Fiani*.  G.  Sanna** 

*  Institute  of  Geodesy  and  Idrography  -  Naval  University  of  Naples,  Italy 
**  Structural  Engineering  Department  -  University  of  Cagliari,  Italy 
fiani@naval.uninav.it 

The  National  leveling  net  in  Sardinia  island  is  formed  by  an  outer  perimetrical 
ring  and  two  lines  which  cross  it  from  East  to  West  and  from  North  to  South. 

In  Tate  years  two  GPS  surveys  were  performed  in  the  island  thanks  to  different 
Bo^es  and  for  different  purposes;  the  vertexes  of  both  the  networks  were 
connected  to  &e  benchmaiks  in  order  to  experimentally  determine  geoidal 
undulation. 

Nearly  thirty  benchmarks  belonging  to  the  National  net  were  connected  to  as 
many  vertexes  suitable  for  GPS  measurements  by  means  of  spirit-leveling;  these 
vertexes  were  purposely  materialized  on  the  ground.  In  the  last  five  years  three 
GPS  measurement  campaigns  were  performed  on  this  network. 

Another  large  GPS  network  which  is  located  in  the  island  is  a  chain  network 
running  alone  the  whole  coast  with  the  aim  to  frame  numerical  cartography  of 
State-owned  band  at  large  scale.  For  this  network  the  altimetrical  link  with  more 
than  forty  benchmarks  of  National  net  was  performed  too. 

Both  the  GPS  networks  are  connected  to  Cagliari  permanent  station. 

Either  the  ellipsoidal  height  in  WGS84  ^stem  or  orthometrical  height  of  the 
vertexes  belonging  to  the  networks  are  therefore  known  with  high  precision.  Fpr 
them  it  was  therefore  possible  to  calculate  geoidal  undiuafron  value  in 
correspondence  of  the  vertexes  and  therefore  to  estimate  a  li^  geoid. 

The  experimental  values  of  undulation  were  compared  with  those  predicted  by 
theoretical  model  such  as  the  global  model  EGM96  or  the  n'ALGE095  one, 
especially  good  for  Itiian  count^. 

In  this  paper  some  results  of  TCiformed  analysis  and  comparison  among  the 
undulation  values  coming  from  different  observations  are  presented. 


VARIATIONAL  METHODS  IN  GEOID  DETERMINATION  AND 
FUNCTION  BASES 
P.  Holota 

Research  Institute  of  Geodesy,  Topography  and  Cartography 
250  66  Zdiby  98,  Praha-vychod,  Czech  Republic 
gope@asu. caa.cz/Fax;  -(-420-2-685-7056 

The  purpose  of  this  paper  is  to  discuss  a  variational  method  for  the  solution  of 
geodetic  boundary  value  problems  and  to  give  an  interpretation  of  this  method 
in  terms  of  function  bases.  The  choice  of  a  boundary  value  problem  relevant  to 
the  determination  of  the  disturbing  potential  is  approached  first  since  it  seems 
that  it  may  be  useful  to  give  a  fresh  reasoning  in  this  field.  Then  coefficients  of 
a  stiffness  matrix  are  constructed  for  some  particular  function  bases  and  also 
possibilities  of  orthogonalization  are  inferred.  A  great  attention  is  give  to  the 
computation  of  integrals  representing  the  right  side  of  the  respective  system  of 
linear  equations.  A  particular  emphasis  is  give  to  localization  properties.  Fi¬ 
nally.  the  stability  of  the  system  is  examined  by  means  of  a  functional-analytic 
estimate. 


LOCAL  GEOID  DETERMINATION  BY  WAVELET- 
VAGUELETTE  DECOMPOSITION 

W.  Keller 

Geodetic  Institute,  Univer.sity  Stuttgart, 
wolfgang.keller@gis.uni-stuttgart.de/FAX -(-49  71 1  121  3285 

Compared  to  FFT  the  wavelet  representation  of  a  local  geoid  has  some 
advantages 

•  The  transformation  into  the  wavelet  domain  is  faster  than  the 
transformation  into  the  Fourier  domain. 

•  Wavelets  provide  the  possibility  of  data  compression  and 
denoising. 

Unfortunately,  wavelets  are  in  general  not  eigenfunctions  of  geodetic 
integral  operators.  Hence,  the  resulting  system  of  linear  equations  is, 
in  contrast  to  the  Fourier  case,  not  diagonal. 

The  idea  of  the  wavelet-vagueletfe  technique  is  to  use  different 
systems  of  orthogonal  functions  for  the  data  analysis  and  the  solution 
synthesis.  For  the  planar  approximation  of  the  Stokes  integral  a 
wavelet-vaguelette  decomposition  is  to  be  presented. 


THE  COMPLETION  OF  THE  NATIONWIDE  GPS-GRAVIMETRIC 
GEOm  SOLUTION  FOR  HUNGARY 

A.  Kenyeres 

FOMI  Satellite  Geodetic  Observatory,  H-1373  Budapest,  P.O.Box  546.,  Hungary 
kenyeres@sgo.fomi,hu  /  Fax:  ■r36-27  310  980 

The  establishment  of  the  Hungarian  National  GPS  Networic  (OGPSH)  had  been 
completed  in  1997.  It  is  senled  on  the  traditional  horizontal  network  sites.  The 
OGPSH  network  consists  more  than  1100  GPS  points,  but  less  than  30%  of  the 
sites  have  levelied  heights.  Our  task  was  to  suppiy  the  remaining  points  with  cm- 
accuracy  heights  above  the  geoid.  For  this  purpose  a  technique  was  developped 
using  the  GPS  data  and  the  geoid  information  available.  A  specialized  geoid 
solution,  covering  the  whole  eontry  was  computed  and  used  for  supporting  the 
GPS-heighting  procedure.  The  GPS-gravimetric  geoid  makes  the  GPS-heighting 
very  simple  and  efficient.  The  accuracy  of  the  technique  was  extensively  tested  and 
proved  to  be  accurate  better  than  ±3  cm  even  in  the  worst  circumstances.  The 
improved  technique  is  planned  to  use  in  the  3rd  order  levelling  network 


Studies  on  the  Altimetry-Gravimetry  Problems  for  Geoid  Determination 

For  two  decades,  the  altimetry-gravimetry  problems  are  discussed  in  geodesy.  They 
arise  because  the  data  siniations  on  land  and  sea  are  different  with  respect  to  type  and 
accuracy.  For  precise  geoid  determination  in  coastal  regions,  we  have  to  take  these 
facts  into  account  The  theoretical  framework  of  the  altimetry  gravimetry  problems  is 
the  mixed  boundary  value  problem  for  the  Laplace  equation.  Its  mathematical  solution 
exhibits  some  irregular  feauires  along  the  coastlines,  which  will  be  found  also  in  the 
computed  geoid.  Up  to  now,  the  recommended  procedure  in  geodesy  is  to  use 
overlapping  data  sets,  if  available.  Then  we  arrive  at  a  partly  overdetermined  mixed 
boundary  value  problem,  which  has  not  yet  been  tfeated  theoretically.  On  the  other 
hand,  we  can  also  design  procedures,  which  take  into  account  these  features.  In  our 
studies,  we  work  with  two  experimental  designs:  the  Earth's  equatorial  plane,  where 
the  potential  is  assumed  to  behave  according  to  the  2D  Laplace  equation,  and  the 
axisymmetric  Earth  model,  which  is  frequently  used  in  geophysics.  We  solve  the 
experimental  problems  with  various  standard  and  alternative  techniques.  This  serves 
as  a  guideline  for  the  choice  of  the  technique  to  be  applied.  It  also  reveals  some 
unsolved  problems. 


A  COMPARISON  OF  CLASSICAL  AND  SJOBERG’S  AP¬ 
PROACHES  TO  TERRAIN  CORRECTIONS  IN  GRAVIMETRIC 
GEOID  DETERMINATION 
H.  Nahavandchi 

Royal  Institute  of  Technology,  Department  of  Geodesy  and  Photogrammetry 
S-100  44  Stockholm,  Sweden. 
hossnahaOl .  kth .  se/Fax:  [46]-8-790  7343 

This  paper  investigates  three  approaches  for  compting  the  terrain  effects  in 
the  gravimetric  geoid  determination.  First  method  is  the  classical  approach 
which  is  documented  by  Moritz.  The  second  classical  approach  is  developed 
by  Vanicek  and  Kleusberg  .  Direct  terrain  effect  in  Moritz  appraoch  has  been 
reduced  to  a  surface  with  constant  elevation,  i.e.,  geoid  whereas  in  Vanicek  and 
Kleusberg  approach  this  effect  has  been  reduced  to  a  varying  surface  depending 
on  topography  but  in  a  different  way.  A  different  way  has  been  used  to  compute 
terrain  effects  in  Sjoberg's  approach.  This  third  method  is  based  on  spherical 
harmonic  theorems.  Direct  terrain  effect  in  Sjoberg’s  approach  has  been  derived 
at  the  topographical  surface  of  the  earth.  Numerical  investigations  has  been 
carried  out  in  two  regions  A  and  B  in  Sweden.  The  region  A  has  a  smooth 
topography  where  region  B  has  a  rugged  topography.  Comparison  of  these  there 
approaches  show  large  differences  in  test  region  B.  The  range  of  the  Vanicek  and 
Kleusberg  direct  terrain  correction  (-66  to  21  mGal)  was  substantialiy  larger 
than  in  the  Moritz  (0  to  17  mGal)  and  Sjoberg's  (-540  to  250  fx  Gal)  approaches. 
The  range  of  the  indirect  effect  in  Moritz  (or  VanI6ek  and  Kleusberg)  approach 
was  -4  to  8  cm  where  it  was  4  to  6  cm  for  the  sjoberg’s  approach. 
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MODELING  OF  LONG  WAVELENGTH  SYSTEMATIC  ERRORS 
IN  SURFACE  GRAVIMETRIC  DATA 


N.K.  PavHs  (Hughes  STX  Corp.,  7701  Greenbelt  Rd.,  Greenbelt,  MD 
20770,  USA) 

Long  wavelength  systematic  errors  in  (near)  global  gravity  anomaly  data 
bases  have  been  identified  as  a  major  limitation  of  these  data  for  several 
years  now.  The  specific  origin  of  these  systematic  errors  is  not  clearly 
understood,  although  several  possible  causes  have  been  identified  [Heck, 
1990].  To  minimize  their  effects,  down  weighting  (sometimes  rather 
arbitrary)  of  surface  gravimetry,  and  elimination  of  its  very  long 
wavelength  contribution  is  employed  in  current  global  geopotential 
solutions.  This  investigation  attempts  to  separate  the  long  wavelength 
systematic  errors  (in  the  form  of  low  degree  surface  spherical  harmonic 
models),  from  the  valid  gravitational  signal  present  in  the  data.  This  is 
done  in  a  combination  solution  environment  where  satellite  tracking 
information  and  surface  gravimetry  are  simultaneously  adjusted. 

The  presentation  will  describe  the  technique  employed  and  the  initial 
results  obtained.  The  possible  incorporation  of  altimetric  information 
into  the  solution  will  also  be  addressed. 


A  NEW  GLOBAL  TOPOGRAPHIC-ISOSTATIC  MODEL 
Wenke  Sun  and  Lars  E.  Sjdberg 

Dept,  of  Geodesy  &  Pho.,  Royal  Institute  of  Technology,  Stockhom,  Sweden 
sunw@geomatics.kth.se 

This  paper  proposes  a  global  topographic-isostatic  model.  It  comes  from  a  com¬ 
pletely  new  idea  —  the  geoid  undulation  is  the  responses  of  an  elastic  earth  to 
the  topographic  mass  load.  We  assume  the  topography  as  a  condensed  surface 
mass  load,  and  we  derive  expressions  for  calculating  the  vertical  displacement, 
potential,  gravity  and  equlpotential  surface  changes,  based  the  load  theory 
proposed  in  Sun  and  Sjdberg  (1996).  We  also  discuss  the  mass  conservation 
problem  and  some  calculating  techniques.  We  define  and  discuss  the  geoid 
factor  A  =  1  -I-  k'„[a)  +  h'„(a)  which  is  composed  of  three  parts:  loading  po¬ 
tential,  surface  displacement  and  mass  redistribution.  In  practical  calculations 
we  adopt  the  Getech’s  Global  Digital  Terrain  Model  (DTM5),  the  load  Love 
numbers  and  Green's  functions  obtained  from  the  1066A  earth  model,  and  the 
combined  European  model  GFZ93a.  We  mainly  calculate  and  discuss  the  verti¬ 
cal  displacements  and  equlpotential  surface  changes  for  four  depths:  deformed 
tind  undeformed  surfaces,  36  km  and  the  core-mantle  boundary.  The  total  geoid 
undulations  at  the  earth’s  surface  caused  by  the  topographic  mass  load  vary 
between  —262  and  -t-145  m,  which  are  basically  close  to  the  observed  geoid 
undulations  in  magnitude  and  in  distribution  pattern.  Results  show  a  high 
correlation  between  the  deformations  and  the  topographic  load,  but  a  strong 
negative  correlation  between  the  modeled  and  observed  geoid  undulations. 


AN  ACCURACY  ESTIMATION  OF  GRAVIMETRIC  TERRAIN 
CORRECTIONS 

K.F.  Zhang  (Institute  of  Engineering  Surveying  and  Space  Geodesy,  University  of 
Nottingham,  University  Park,  Nottingham,  NG7  2RD,  United  Kingdom) 

W. E.  Featherstone  (School  of  Surveying  and  Land  Information,  Curtin  University 
of  Technology,  GPO  Box  U1987,  Perth  WA  6845,  Australia) 

X. L.  Ding  (Department  of  Land  Surveying  and  Geoinformatics,  The  Hong  Kong 
Polytechnic  University,  Hung  Horn,  Kowloon,  Hong  Kong,  P.  R.  China) 

The  gravimetric  terrain  correction  plays  an  important  role  in  the  refinement, 
smoothing  and  prediction  of  the  Earth’s  gravity  field  for  applications  in  geodesy 
and  geophysics.  However,  the  accuracy  of  the  computed  terrain  correction  depends 
upon  the  accuracy  of  the  digital  terrain  model  (DEM),  the  3-D  position  of  the  point 
of  interest,  and  the  assumption  of  a  uniform  topographic  density.  This  paper 
provides  a  theoretical  derivation  and  a  numerical  evaluation  of  the  accuracy  of  the 
terrain  correction.  In  the  topographically  rough  areas  of  Australia  (eg.  Tasmania), 
where  the  mean  terrain  correction  is  greater  than  ImGal,  the  errors  in  the  height 
and  planar  position  of  the  DEM  dominate  the  terrain  correction  computation. 
Conversely,  in  the  topographically  flat  areas  of  Western  Australia,  where  the  mean 
terrain  correction  is  less  than  O.SmGal,  the  accuracy  of  the  height  of  the  point  of 
interest  becomes  more  critical.  It  is  also  shown  that  errors  in  the  planar  position  of 
the  point  of  interest  and  the  assumption  of  a  uniform  topographic  density  have  a 
lesser  effect.  The  formulae  derived  here  can  be  also  used  to  decide  upon  the  spatial 
resolution  of  the  DEM  used  to  compute  the  gravimetric  terrain  correction. 


ON  THE  DETERMINATION  OF  A  NEW  AUSTRALIAN  GEOID 

Kefei  Zhang  (Institute  of  Engineering  Surveying  and  Space  Geodesy,  University  of 
Nottingham,  University  Park,  NG7  2RD,  UK) 

A  new,  high  precision,  high  accuracy  gravimetric  geoid  of  Australia  has  been 
produced  using  most  updated  data,  theory  and  methodology.  The  absolute  accuracy 
of  the  geoid  is  hi^er  than  33cm  when  compared  with  the  Australian  National 
GPS/levelling  networks.  The  relative  precision  of  the  new  geoid  is  better  than 
10cm  for  average  baseline  lengths  41cm-40km  and  20cm  for  average  baseline 
length  I50km  when  compared  with  three  local  GPS/levelling  networks.  In 
addition,  a  number  of  theoretical  and  practical  problems  such  as:  data  reduction, 
selection  and  verification  of  the  optimal  geopotential  model  and  its  representative 
errors,  special  features  of  the  Australian  gravity  field  and  optimal  gridding  of  the 
gravity  anomalies,  theory  and  implementation  of  the  FFT  technique  for  geoid 
computation  and  terrain  reduction  including  edge  effect,  zero  padding,  spectral 
leakage  and  aliasing  effects,  have  been  also  investigated.  The  satellite  altimetric 
gravity  data  have  also  been  evaluated  and  combined  with  marine  gravity  data  to 
improve  density  and  coverage  of  the  gravity  data,  and  the  quality  of  the  geoid  as 
well,  particularly  in  offshore  areas.  It  is  demonstrated  that  a  proper  inclusion  of 
satellite  altimetric  gravity  data  can  give  RMS  improvement  of  the  gravimetric  geoid 
up  to  10cm. 

Finally,  the  methodologies  developed  in  this  presentation  is  pertinent  to  other  part 
of  the  world  for  a  gravimetric  geoid  determination  over  a  large  area. 


RECENT  GEOID  COMPUTATIONS  FOR  THE  HELLENIC  AREA 
I.N.  Tziavos  and  V.D.  Andritsanos 

Department  of  Geodesy  and  Surveying,  Aristotle  University  of  Thessaloniki, 
540  06  Thessaloniki,  Greece. 
tziavosQvergina . eng . auth . gr 

New  geoid  computations  for  the  Hellenic  area  are  carried  out  using  (a)  gravity 
anomalies  for  the  land  area  available  from  old  and  new  data  bases,  and  gravity 
data  for  the  sea  area  derived  from  altimetry  and  a  recent  digitization  of  sea 
gravity  maps,  and  (b)  a  Ikmxlkm  topography/bathymetry  digital  model.  The 
EGM96  geopotential  model  is  used  as  the  reference  field.  In  order  to  assess  the 
accuracy  of  the  computed  geoid  heights  in  the  continental  area  comparisons 
were  carried  out  with  GPS/levelling  heights.  In  the  sea  area  the  geoid  heights 
were  compared  with  sea  surface  heights  of  the  recent  and  most  accurate  TOPEX 
altimetric  mission. 
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ATMOSPHERIC  AND  OCEANIC  EFFECTS  ON  NUTATION  OF 
THE  EARTH 

Aleksander  Brzezidski  (1),  Christian  Bizouard  (1,2)  and  Sergei  Petrov  (1,3) 

(1)  Space  Research  Centre,  Polish  Academy  of  Sciences,  Warsaw,  Poland, 
(3)  On  leave  from:  Institute  of  Applied  Astronomy,  St, Petersburg,  Russia, 

(2)  On  leave  from:  Observatoire  de  Paris,  Paris,  France. 
alekOcbk.BaB.pl/Fax:  [48]  39  121273 

Nearly  diurnal  variations  in  the  distribution  of  the  atmospheric  and  oceanic 
masses  and  in  the  pattern  of  winds  and  ocean  currents,  change  the  angular 
momentum  of  these  two  fluid  media  which,  in  turn,  induce  nutational  motion  of 
the  solid  Earth  through  the  conservation  of  the  total  angular  momentum.  This 
motion  is  small  in  comparison  to  the  lunisolar  effect,  nevertheless  is  significantly 
larger  than  the  current  accuracy  of  observations,  therefore  should  be  taken 
into  account  in  the  new  non-rigid  Earth  nutation  theory.  An  estimation  of 
the  atmospheric  and  oceanic  influences  on  nutation  and  comparison  with  the 
VLBI  measurements  of  the  nutation  angles,  can  also  provide  constraints  on 
different  geophysical  parameters  related  both  to  the  internal  constitution  of 
the  Earth  and  to  the  global  circulation  models  of  its  outer  fluid  layers.  In  this 
paper  we  review  recent  advances  in  modeling  atmospheric  and  oceanic  effects  on 
nutation.  We  also  report  our  own  estimates  of  the  atmospheric  contributions  to 
nutation,  using  new  29-year  homogeneous  time  series  of  6-hourly  atmospheric 
angular  momentum  determinations. 


ATMOSPHERIC  ANGULAR  MOMENTUM  VARIABILITY  AND 
ASSOCIATED  ATMOSPHERIC  PATTERNS  ON  DIFFERENT 
TIMESCALES  SIMULATED  WITH  THE  ECHAM3  T21  GCM 


J.Elberskirch.  A.Hense 

Meteorologisches  Institut,  Universitat  Bonn 

jelbers@uni-bonn.de/  FAX:  4-49-228-735188 

The  atmospheric  angular  momentum  (AAM)  underlies  fluctuations  of  differ¬ 
ent  periods.  These  variations  are  highly  correlated  to  the  changes  of  the  earth 
rotation  at  least  on  timescales  of  hours  up  to  a  couple  of  years.  The  simulated 
AAM  budget  of  the  ECHAM3  T21  global  circulation  model  (GCM)  is  analysed. 
Five  simulations  with  different  initial  states  were  forced  by  observed  monthly 
means  of  sea  surface  temperature  and  global  ice  coverage  (GISST-dataset  from 
Hadley  center,  Bracknell)  for  the  corresponding  period  from  1949  until  1994. 
The  simulated  relative  AAM  timeseries  shows  significant  variability  on  differ¬ 
ent  timescales  particularly  on  the  interannual  timescale  and  correlates  very  well 
with  the  change  of  the  length  of  day  (LOD)  observed  by  VLBI  measurements. 
The  mechanisms  of  angular  momentum  transfer  between  atmosphere,  ocean 
and  solid  earth  are  investigated.  Some  significant  patterns  of  the  atmospheric 
circulation  associated  with  anomalies  of  the  contributors  of  the  A.AM  budget 
derived  by  multivariate  statistical  tests  will  be  shown.  On  the  interannual 
timescale  these  patterns  corresponds  to  well  known  patterns  of  the  El  Nino 
Southern  Oscillation  (ENSO). 


ANGULAR  MOMENTUM  EXCHANGES  BETWEEN  THE 
EARTH  AND  THE  HYDROSPHERE  AND  CONSEQUENT 
LENGTH  OF  DAY  VARIATIONS 
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INFLUENCE  OF  THE  HYDROLOGICAL  CYCLE  ON 
THE  SEASONAL  CYCLE  OF  EARTH  ROTATION  AND 
GRAVITATIONAL  PARAMETERS 

R.  Aharcadel  Rio  (GRGS/CNES.  CNRS/GMR  .5.566,  18  av  Edouard 
Belin.  Toulouse.  France) 

We  present  an  analysis  of  the  Hydrological  cycle  variations  through  1979 
to  1995,  and  the  associated  variations  on  Earth  Rotation  and  Gravita¬ 
tional  Parameters. 

The  hydrological  cycle  is  obtained  from  both  the  reatialyses  of  NCEP 
from  1979  through  1995  a.s  from  mesurements  of  snow  depth  (SMMR 
from  1979  to  1988  and  SM.Nfl  from  1989  to  1095).  We  present  as  well 
results  issued  from  the  ISLSCP  initiative  (ECM\\F  data  for  1987  and 
1988)  and  those  from  the  climatologies  of  the  hydrological  cycle  of  Will- 
mott  et  al.  (1984)  and  that  of  the  snow  depth  of  Foster  et  al.  (1995). 
The  results  concerning  the  annual  cycle  will  be  compared  with  those 
obtained  from  an  special  run  of  the  L'GAMP  model  (Dong  et  al.  1994) 
and  criticized  in  view  of  actual  knowledge  of  the  hydrological  cycle  and 
particularly  that  of  the  global  Earth  groundwater  variability.  Fiiialty 
sea.soiial  evolution  of  llie  snow  sea.sonal  cycle  over  1979-1995  will  bo 
particularly  emphasised  In  view  of  the  results  of  Abarca  del  Rio  (1997) 
(Ph.d)  which  tend  to  prove  that  the  accumulated  stiow  plays  the  most 
important  role  on  the  hydrological  cycle  on  the  earth’s  polar  motion 
sea.soiial  cycle,  and  is  of  special  relevance  for  the  XL  term. 


INTERANNUAL  AND  DECADAL  TIME  SCALES  IN 
THE  EARTH  ROTATION  (LOD),  ATMOSPHERIC 
MOUNTAIN  STRESS  TORQUES  (AMST)  AND  THE 
ATMOSPHERIC  ANGULAR  MOMENTUM  (AAM) 

R.  Abarra  del  Rio  (GRGS/CNES.  C.NRS/l'Mtt  5566.  IS  av  Edouard 
Belin.  Toulouse.  France) 

D.  Gambis  (liiteniarional  Earth  Rotation  Service.  Paris  Observatory.  61 
avenue  de  I'Observatolre) 

The  objective  of  this  study  is  to  compare  the  variability  of  the  Earth  ro¬ 
tation  (LOD).  with  the  .^tmo.splieric  Mountain  Stress  Torques  (AMST) 
and  the  .•Atmospheric  .-Vugiilar  Moiueiituni  (.-X.AM). 
lateranniial  LOD  variations,  excluding  a  5-0  year  period  detected  by 
\oiidrak  (1977)  which  is  not  excited  by  the  atmosphere  (Djurovlc  and 
Patpiet.  1996.  .-Vbarca  del  Rio.  1997)  are  dominated  by  the  ENSO  phe¬ 
nomena  and  the  Quasi  Biennial  Oscillation  of  stratospheric  winds  (Chao. 
19S0).  -At  decadal  time  scales  we  have  shown  that  the  variability  of  the 
Angular  M«)meiitiiiu  of  the  zonal  winds  can  explain  the  10-H  yr  period 
of  LOD.  whereas  a  l-l.'i  yr  period  closely  linked  to  the  SOI  decadal  vari- 
abilitv  mnv  be  excited  liy  the  variability  of  the  oceans  (.Abarca  del  Rio. 
Clambisand  Salstein.  1997).  .Although  the  theory  assumes  that  the  vari¬ 
abilities  of  both  the  .Angular  Momeutuiu  ami  the  .Mountain  stress  are 
closely  related  (Wahr  and  Oort.  lO.S:]).  the  analy.sis  of  the  variability  of 
the  mountain  stress  and  rompari.son  with  .Angular  Momentum  has  for 
instance  only  been  performed  at  high  fn'qiieiicies  (Salstein.  1997)  and 
at  iiiieraiiiuial  time  scales  ( EJos  and  Gambis.  1996). 

In  this  study  we  will  present  an  .inalysis  of  the  relationship  at  iiiteraiiiiual 
and  tlecatla!  time  scales  in  both  series  (.\MST  uiul  .A.\M).  The  low  fre¬ 
quencies  signature  present  iti  lioih  series  are  investigatejl  together  witli 
the  prim  ipai  piiiterii';  of  th*‘  regional  variability  which  are  associaletl; 


P.  Gegout,  S.  Marcus,  J.  Dickey  and  Y.  Chao 
Jet  Propulsion  Laboratory,  Pasadena,  CA  91109,  USA. 

Pascal . GegoutQ j  pi . nasa . gov 

Seasonal  and  interannual  fluctuations  of  the  solid  Earth’s  angular  momentum 
are  mostly  due  to  angular  momentum  exchanges  between  the  solid  Earth  and 
the  hydrosphere.  Inside  the  hydrosphere,  angular  momentum  is  transported 
by  winds  in  the  atmosphere,  currents  in  the  oceans,  and  water  masses  redis¬ 
tributions  inside  the  atmosphere,  the  ocean  and  water  storage  at  the  conti¬ 
nents  surface.  Through  pressure,  gravitational  and  friction  torques,  angular 
momentum  is  exchanged  between  the  hydrosphere  and  the  solid  Earth.  We 
have  evaluated  the  global  hydrospheric  angular  momemtum  budget  from  at¬ 
mospheric  global  circulation  model  (NCEP/NCAR  reanalysis),  oceanic  circula¬ 
tion  model  forced  by  atmospheric  winds  (Miami  Isopycnic  Coordinates  Ocean 
Model),  oceans  forced  by  atmospheric  pressure  (Topex/Poseidon),  snow  and 
soil  moisture  (NCEP/NCAR  reanalysis),  glaciers,  ice  caps,  and  hydrological 
reservoirs.  Comparison  between  observed  and  modeled  variations  of  the  length 
of  day  provide  insights  of  the  involved  interaction  processes. 
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SEASONAL  LENGTH-OF-DAY  CHANGES  AND  AXIAL  ATMOSPHERIC-ANGULAR* 
MOMENTUM  OSCILLATIONS  IN  THEIR  TEMPORAL  VARIABILITY 

Joachim  Hdpfner 

GeoForschungsZentrum  Potsdam,  Telegrafenberg  A17,  D-14473  Potsdam,  Germany; 
E-mail:  ho@gfz-potsdam.de/Fax:  +49-331-288-1163 

Recently,  effective  Atmospheric-Angular-Momentum  functions  (AAM)  as  calculated 
from  NCEP  (formerly  NMC)  and  NCAR  reanalyses  have  become  available  from  1968 
to  1997.  Concerning  the  wind  terms,  the  top  level  In  the  atmosphere  used  here  is 
10  hPa.  Compared  with  earlier  NMC  model  versions  which  incorporate  wind  fields  up 
to  100  hPa  since  1976  and  up  to  50  hPa  since  1981,  the  reanalyses  have  produced 
improved  data  series  over  a  time  longer  as  before.  The  axial  AAM  component  Xs  is 
assodated  with  changes  In  the  Length-Of-Day  (LOO).  Motivated  by  better  quality  and 
continuity  of  the  series  AAM  (NCEP)  REANALYSIS,  the  problem  of  the  seasonal 
imbalances  in  the  solid  Earth-atmosphere  axial  angular  momentum  budget  Is  re¬ 
examined.  To  assess  better  the  estimates  of  the  annual  and  semiannual  osdllations 
in  LOD  and  AAM  and  of  the  residual  oscillations  derived  as  difference  series  between 
LOD  and  AAM,  the  series  of  LOD  data  from  three  analysis  centers  (lERS,  GFZ,  JPL) 
and  of  AAM  data  in  terms  of  X3(W),  x^i^)  X3(P+^B)  from  four  meteorological 

centers  (NCEP,  JMA,  ECMWF  and  UKMO)  are  used.  The  main  analysis  steps  were 
removing  gaps,  filtering  out  the  seasonal  oscillations,  calculating  optimal  estimates  of 
the  parameters  of  the  oscillations  and  calculating  the  difference  series  between  the 
LOD  and  AAM  systems  as  well  as  the  residuals  In  the  axial  angular  momentum 
budget  in  the  LOD-AAM-systems.  The  results  derived  in  the  different  systems  show 
to  which  extent  the  variations  reflect  systematic  differences  and  significant  signals, 
respectively,  which  is  important  for  future  activities  in  this  field. 


TROPICAL  AND  EXTRATROPICAL  EXCITATION  OF  SUBSEA- 
SONAL  VARIATIONS  IN  THE  EARTH’S  ROTATION  RATE 
S.  Marcus  (1)  and  M.  Ghil  (2) 

(1)  Jet  Propulsion  Laboratory,  Pasadena,  CA  91109,  USA,  (2)  Dept,  of  Atmo¬ 
spheric  Sciences,  Inst,  of  Geophysics  and  Planetary  Physics,  UCLA,  CA. 

On  subseasonal  time  scales,  the  largest  component  of  axial  atmospheric  angu¬ 
lar  momentum  (AAM)  variation  is  associated  with  the  tropical  Madden-Julian 
(MJ)  oscillation.  This  phenomenon  takes  the  form  of  a  convectively  driven, 
eastward-propagating  disturbance  in  the  Eastern  hemisphere,  with  its  fastest 
growth  rate  over  the  western  Indian  Ocean.  Its  preferred  period  is  about  50 
days,  which  may  reflect  the  transit  time  for  the  disturbance  to  propagate  com¬ 
pletely  around  the  equator.  Subseasonal  variability  also  arises  in  the  extrat¬ 
ropics,  from  the  interaction  of  jet  streams  with  the  large-scale  topography.  In 
analytical  and  equivalent-barotropic  models,  this  phenomenon  takes  the  form  of 
a  standing,  wavenumber-two  oscillation  in  the  Northern  Hemisphere  (NH)  ex¬ 
tratropics,  which  generates  alternating  westerly  and  easterly  mountain  torques 
through  a  tilted-trough  vacillation  mechanism.  We  have  found  a  similar  oscil¬ 
lation  in  a  version  of  the  UCLA  General  Circulation  Model  (GCM)  which,  like 
most  current  GCMs,  lacks  a  robust  simulation  of  the  MJ  oscillation.  Telecon¬ 
nections  from  the  modePs  extratropical  oscillation  extend  into  the  tropics,  and 
in  particular  appear  to  excite  an  incipient  MJ  oscillation  over  the  model’s  west¬ 
ern  Indian  Ocean.  We  will  consider  the  possible  role  of  topographically  induced 
extratropical  variability  as  a  source  for  the  excitation  of  oscillations  in  tropical 
global  AAM,  and  hence  in  the  Earth’s  rotation  rate,  on  these  time  scales. 


ATMOSPHERIC  REGIONAL  SIGNALS  IN  EXCITATIONS  OF 
POLAR  MOTION  -  ANALYSIS  OVER  A  40  YEAR  PERIOD 
Jolanta  Nastula  (1)  and  David  A.  Salstein  (2) 

(1)  Space  Research  Center,  Bartycka  18a,  Warsaw  01-871.  Poland,  (2)  Atmo¬ 
spheric  and  Environmental  Research,  Inc.,  840  Memorial  Drive,  Cambridge, 
MA  02139,  USA. 

nastulaOcbk.waw.pl/Fax:  [48  39]  121273 

The  atmospheric  influence  on  polar  motion  occurs  by  an  exchange  of  angular 
momentum  between  earth  and  atmosphere  in  the  equatorial  plane.  This  atmo¬ 
spheric  component  is  formalized  by  the  so  -  called  effective  atmospheric  angu¬ 
lar  momentum  (EAAM)  excitation  function.  A  better  understanding  of  polar 
motion  -  atmosphere  relationships  needs  an  analysis  of  interactions  between 
regional  atmospheric  variations  and  both  polar  motion  and  global  atmospheric 
excitation.  It  was  shown  earlier  that  part  of  the  Eurasian  region  is  particularly 
important  for  exciting  high  frequency  polar  motion.  The  previous  investigations 
were  based  on  about  30  years  period.  Here  the  EA.A.M  functions  are  computed 
from  all  40  years  of  NCEP/NCAR  Reanalyses  both  globally  and  in  selected  geo¬ 
graphic  sectors.  We  use  the  full  period  1958-1997  to  analyze  regional  and  global 
atmospheric  excitation  functions  to  assess  how  different  regions  contribute  to 
the  angular  momentum  functions  of  the  global  atmosphere.  Also,  the  time  vari¬ 
ability  of  oscillations  in  selected  regions  and  their  relationship  to  interannual 
signals  such  as  ENSO  are  analyzed.  In  addition,  we  investigate  regional  contri¬ 
butions  of  atmospheric  angular  momentum  to  e.xcitations  of  polar  motion  on 
several  important  frequencies  (from  several  days  to  semi-annual  scales). 


ATMOSPHERIC  EXCITATION  OF  PROGRADE  DIURNAL 
POLAR  MOTION 

Sergei  Petrov  (1,2),  Aleksander  Brzeziriski  (1)  and  Christian  Bizouard  (1,3) 
(1)  Space  Research  Centre,  Bartycka  18A,  00-716  Warsaw,  Poland,  (2)  On  leave 
from:  Institute  of  Applied  Astronomy,  St. Petersburg,  Russia,  (3)  On  leave  from: 
Observatoire  de  Paris,  Paris,  France. 
sergeOcbk.waw.pl/Fax:  [48]  39  121273 

Changes  in  the  atmospheric  angular  momentum  have  been  demonstrated  to  ex¬ 
cite  a  large  part  of  the  seasonal  polar  motion  as  well  as  to  produce  a  meeisurable 
effect  on  nutation.  In  this  paper  we  focus  on  the  equatorial  angular  momentum 
of  the  atmosphere  in  the  range  of  prograde  nearly-diurnal  frequencies,  and  its 
corresponding  influence  on  polar  motion.  We  use  the  29-year  atmospheric  an¬ 
gular  momentum  series  obtained  recently  from  NCEP/NCAR  reanalysis  to  es¬ 
timate  the  atmospherically  driven  prograde  diurnal  polar  motion  constituents. 
On  the  other  hand,  the  sub-diurnal  polar  motion  observations  are  used  for  com¬ 
parison  with  the  latter  estimates,  after  accounting  for  the  ocean  tide  effects  as 
well  as  for  the  effect  of  Earth’s  triaxiality.  Applicability  of  the  inverted  barom¬ 
eter  correction  in  this  frequency  range  is  studied.  One  more  question  which  is 
addressed  here  is  the  variability,  or  broad  band  nature,  of  the  prograde  nearly- 
diurnal  polar  motion  caused  either  by  atmospheric  or  oceanic  effects  or  by  a 
combined  atmosphere/ocean  influence. 


WAVELET  ANALYSIS  OF  POLAR  MOTION  AND  ANGULAR 
MOMENTUM  TIME  SERIES 

H.  Schmitz-Hubsch  and  W.  Bosch 

Deutsches  Geodatisches  Forschungsinstitut  Marstallplatz  8  D-80539  Miinchen. 
schmihueOdgfi. badw-muenchen.de/Fax:  [49]  89-23031-240 

Time  series  of  polar  motion  and  of  angular  momentum  variations  from  1980  to 
1996  have  been  analyzed  by  means  of  wavelet  transformations. 

FVom  the  polar  motion  data  the  Cheindler  wobble  was  reduced,  first.  The 
angular  momentum  data  consist  of  AAM  (atmospheric  angular  momentum), 
0AM  (oceanic  angular  momentum)  and  OTAM  (oceanic  tidal  angular  mo¬ 
mentum).  The  AAM  data  published  by  the  lERS  are  used.  The  0AM  data 
and  OTAM  data  were  obtained  by  numerical  integration  of  four  years  of  the 
Topex/Poseidon  sea  surface  height  anomalies  and  the  CSR3.0  ocean  tide  model 
respectively. 


INTERANNUAL  SIGNALS  IN  ATMOSPHERIC  ANGULAR  MOMENTUM 
FROM  A  40.YEAR  REANALYSIS 

David  A.  Salstein  and  Richard  D.  Rosen 

Atmospheric  and  Environmental  Research,  Inc.,  Cambridge,  Massachusetts,  USA 
sa!slein@aer.com/Fax:  617-661'6479 

The  recent  release  of  reanalyzed  surface  and  upper-air  fields  by  the  U.S. 
NCEP/NCAR  allows  interannual  signatures  of  atmospheric  angular  momentum 
(AAM)  to  be  determined  since  1958,  a  lengthier  period  than  was  available 
heretofore.  Based  on  the  zonal  wind  structure  through  the  troposphere  and 
stratosphere,  integrated  AAM  varies  on  a  range  of  lime  scales  from  daily  to  decadal. 
Interannual  and  shorter  signals  are  closely  coupled  to  those  in  length-of-day, 
whereas  subtracting  AAM  values  from  l.o.d  series  allows  the  remaining,  mostly 
decadal,  signals  to  be  related  to  fluctuations  within  the  Earth.  The  most  prominent 
interannual  signal  is  tied  to  the  El  Nino/Southern  Oscillation,  a  phefibmenon 
manifested  by  sea  surface  temperature  and  air  mass  fluctuations  across  the  tropical 
Pacific,  with  dynamic  consequences  for  tropospheric  winds  in  other  latitudes.  The 
major  1982-83  ENSO  warm  event,  for  example,  resulted  in  a  record  value  of  AAM 
in  January  1983;  strong  AAM  anomalies  related  to  ENSO  are  evident  throughout 
the  record,  most  recently  in  conjunction  with  the  event  that  started  in  the  first  half 
of  1997.  Stratospheric  series  of  axial  AAM  include  a  quasi-bicnnial  signature, 
caused  by  the  reversal  of  tropical  zonal  wind  anomalies.  Some  of  these  features  can 
be  identified  in  models  of  the  atmosphere  that  are  driven  by  observed  boundary 
conditions  alone,  providing  a  measure  of  confidence  in  using  such  models  for 
climate  purposes.  We  examine  other  aspects  of  interannual  signals  in  momentum 
including  characteristic  time  scales  and  contributions  from  various  regions. 
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INTRASEASONAL  OSCILLATIONS  IN  GLOBAL  ATMOSPHERIC 
ANGULAR  MOMENTUM 

K.  Weickmann  (1),  W.  Robinson  (2),  P.  Sardeshmukh  (3),  J.  Hart  (3) 

(1)  NOAA/ERL/Climate  Diagnostics  Center,  (2)  Dept,  of  Atmospheric  Sciences. 
University  of  Illinois  at  Urbana-Champaign,  (3)  University  of 
Colorado/CIRES/Climate  Diagnostics  Center,  kmw@cdc. noaa.gov/Fax: 
1003-497.7013 

Building  on  studies  of  30-70  day  global  atmospheric  angular  momentum  (AAM) 
oscillations,  sub-monthly  variations  of  AAM  are  investigated.  Sub-monthly  AAM 
accounts  for  about  6%  of  the  total  variance  of  AAM  anomalies.  NCEP/NCAR 
reanalysis  data  are  regressed  onto  avariety  of  high-pass  filtered,  global  indices  using 
sixteen  November-March,  150-day  segments.  The  results  indicate  that  there  are  three 
modes  of  sub-monthly  variation.  Two  are  oscillatory  and  the  third  appears  to  be 
stochastically  forced.  The  two  oscillatory  modes  are  dominated  by  the  mountain 
torque  but  also  have  a  substantial  frictional  torque.  One  of  these  is  characterized  by  a 
zonal  mean  mass  exchange  between  the  tropics  and  high  northern  latitudes  (the  ME 
mode)  and  the  other  by  zonal  mean  momentum  changes  in  the  subtropics  (the  MR 
mode).  The  mountain  torque  over  Asia  dominates  the  ME  mode  while  the  MR  mode 
is  forced  primarily  by  the  North  American  mountain  torque.  The  two  modes  are 
uncorrelated  and  together  produce  variations  in  total  AAM  and  Length-of-Day  which 
are  focused  in  the  15-30  day  time  band.  The  MR  mode  dominates  the  total  AAM 
having  about  three  times  the  variance  of  the  ME  mode.  The  third  mode,  which  is 
obtained  by  regressing  onto  the  global  mountain  torque,  produces  a  majority  of  the 
sub-monthly  global  AAM  tendency  but  only  a  quarter  of  the  global  AAM  variance 
it-self.  It  is  produced  by  synoptic-scale  wavetrains,  which  disperse  from  oceanic  storm 
tracks  and  impinge  on  the  major  topographic  barriers.  The  mode?s  global  mountain 
torque  is  about  I2x  greater  than  the  frictional  torque  and  consists  of  a  random  mtxmre 
of  contributions  from  the  primary  mountainous  regions.  The  three-dimensional 
structure  and  synoptic  evolution  associated  with  the  three  modes  will  be  presented  as 
well  as  evidence  for  dynamical  and  synoptic  links  between  the  MR  mode  and  30-70 
day  AAM  fluctuations. 


G12  Effects  of  the  atmosphere,  ocean  and  core  on 
nutation,  polar  motion  and  length  of  day 
(co-sponsored  by  SE) 

Convener:  Schuh,  H. 

Co-Convener:  Salstein,  D.A. 

02  Effects  of  the  ocean 


Convener:  Sundermann,  J. 


The  Role  of  Ocean  Variability  in  the  Earth's  Rotation:  A  Geodetic 
Application  for  the  Parallel  Ocean  Climate  Model 

Thomas  J.  Johnson  (Center  For  Space  Research,  The  University  of  Texas  at 
Austin,  RICKX),  Austin,  TX.  78712,  512-471-5507,  tj@csr.utexas.edu) 

This  research  examines  the  role  of  the  oceans  in  the  temporal  variability  in  the 
Earth's  rotation  as  predicted  by  the  Parallel  Ocean  Climate  Model.  This  frec- 
surface  high  resolution  ocean  model  allows  the  estimation  of  variability  in  the 
Stokes  coefficients  resulting  from  mass  redistribution  forced  by  wind  fields  and 
heat  fluxes  predicted  from  an  operation  meteorological  center.  First,  the  ocean 
model's  angular  momentum  is  compared  to  the  angular  momentum  determined 
from  geodetic  measurements.  1  will  show  that  the  oceans  account  for  a  significant 
part  of  the  discrepancies  in  the  angular  momentum  budget  for  the  Earth  and  its 
fluid  envelopes.  Finally,  this  study  briefly  addresses  the  importance  of  mountain 
and  frictional  torques  in  the  transfer  of  angular  momentum  to  the  solid  Earth. 
Overall,  this  research  indicates  the  important  role  the  ocean  plays  in  balancing  the 
planetary  angular  momentum  budget. 


EFFECT  OF  OCEAN  LOADING  ON  THE  DETERMINATION  OF 
EARTH  ORIENTATION  PARAMET  ERS 
R.  Haas  and  H.-G.  Scherneck 

Onsala  Space  Observatory  (OSO),  Chalmers  Tekniska  Hogskola  (CTH),  S- 
43992  Onsala,  Sweden. 

haasOoso.chalmers.se/Fax:  [-i-46]  31  772  5590 

Space  geodetic  techniques  (e.g.  VLBI,  GPS)  observe  Earth  orientation  param¬ 
eters  (EOF)  with  high  accuracy.  The  analysis  of  the  space  geodetic  measure¬ 
ments  requires  a  precise  modelling  of  all  Earth  deformation  effects  in  order  to 
determine  the  EOPs  accurately.  Space  geodetic  networks  used  for  Earth  orien¬ 
tation  studies  include  stations  with  large  vertical  and  horizontal  ocean  loading 
effects,  e.g.  the  station  Fortaleza  at  the  Atlantic  coast  of  Brazil.  In  these  net¬ 
works,  ocean  loading  effects  have  a  rigid  rotation  mode  and  therefore  can  affect 
the  determination  of  EOPs. 

The  effect  of  ocean  loading  from  different  ocean  loading  models  on  the  deter¬ 
mination  of  EOPs  from  geodetic  VLBI  networks  will  be  discussed. 


•raE  HYDROSPHERE'S  IMPACT  ON  EARTH  ROTATION 
Nils-Axel  Momer 

Paleogeophysics  &  (^eodynamics,  Sweden,  momer  @  pog.su.se 

The  ocean  circulation  is  not  only  driven  by  thermal-haline  forces.  The 
interchange  of  angular  momentum  between  the  hydrosphere  and  the 
solid  Earth  is  another  fundcimental  factor.  This  can  be  demonstrated 
for  the  ENSO-events,  for  the  last  centuries'  instrumental  data,  for 
decadal-to-century  changes  during  the  Holocene,  for  the  high- 
amplitude  climatic-eustatic  changes  some  13-10  ka  ago,  and  for  the 
main  glacial/inter-glacial  cycles.  The  oceans  have  a  remarkable  heat¬ 
storing  capacity.  Any  change  in  the  ditribution  of  the  water  masses 
will  have  strong  effects  on  the  global  climatic  temperature  distribu¬ 
tion.  The  oceans  contain  huges  masses  of  water  of  a  reasonably  high 
density  that  are  constantly  circulating  both  horizontally  and 
vertically  over  the  globe.  Any  irregilarity  in  this  circulation  leads  to  a 
redistribution  in  total  mass  which  affects  the  sea  level  and  has  to  be 
compensated  by  an  interchange  of  angular  momentum  between  the 
hydrosphere  and  the  solid  Earth.  This  means  that  we  in  the  recorded 
past  changes  in  climate  and  in  sea  level  can  obtain  information  about 
possible  past  changes  in  ocean  circulation,  too.  And  this  is  exactly 
what  our  paleo-records  seem  to  indicate. 
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COMBINED  OCEANIC  AND  ATMOSPHERIC  EXCITATION  OP 
POLAR  MOTION  FOR  THE  PERIOD  1993  -1995 
Jolanta  Nastula  (1),  Rui  Ponte  (2)  and  David  A.  Salstein  (2) 

(1)  Space  Research  Center,  Bartycka  18a,  Warsaw  01-871,  Poland,  (2)  Atmo¬ 
spheric  and  Environmental  Research,  Inc.,  840  Memorial  Drive,  Cambridge, 
MA  02139,  USA. 

nastulaOcbk.vau.pl/Fax;  [48  39]  121273 

We  use  both  atmospheric  and  oceanic  effective  angular  momentum  functions 
to  focus  on  short  period  oscillations  of  polar  motion.  The  relevant  equatorial 
excitation  functions,  chil  and  chi2,  are  calculated  over  a  three-year  period.  For 
the  atmosphere,  chil  and  chi2  are  computed  from  NCEP/NCAR  Reanalys^ 
data.  To  estimate  similar  excitation  functions  for  the  ocean,  we  utilize  output 
from  a  simple  constant-density  numerical  ocean  model  forced  by  NCEP/NCAR 
winds  stresses  and  pressures.  Combined  oceanic  and  atmospheric  excitation 
compares  better  with  geodetic  series  than  atmospheric  excitation  alone.  When 
mass-related  oceanic  signals  are  added  to  those  of  the  atmosphere,  correlations 
between  observed  polar  motion  and  the  geophysical  excitation  series  increase 
from  0.54  to  0.72  and  from  0.75  to  0.8  for  and  xa.  respectively.  Coherence 
and  phase  analyses  indicate  that  the  oceans  contribute  coherent  power  to  short 
period  polar  motion  excitation  in  the  spectral  range  from  several  to  150  days. 


UNDERSTANDING  THE  OCEAN’S  ROLE  ON  THE  VARIABLE 
EARTH  ROTATION 

R.M.  Ponte 

Atmospheric  and  Environmental  Research,  Inc.,  Cambridge,  USA. 
ponteQaer.con/Fax:  1(617)661-6479 

Recent  developments  in  modeling  and  data  gathering  have  led  to  the  ability 
to  estimate  the  variable  ocean  circulation  and  mass  fields  on  a  global  scale. 
These  fields  in  turn  permit  the  determination  of  the  oceanic  angular  momen¬ 
tum  (OAM)  about  the  polar  and  equatorial  axes.  The  procedures  to  estimate 
0AM  are  reviewed  with  a  focus  on  the  diagnosis  of  the  mass  field  and  ways 
of  dealing  with  the  unrealistic  volume-conserving  formulation  of  most  current 
ocean  models.  Recent  calculations  of  OAM  are  then  examined  to  quantify  the 
relative  contribution  of  currents  and  mass  field  fluctuations  to  0.\M  signals 
and  to  highlight  the  role  of  the  oceans  in  the  context  of  the  planet's  angu¬ 
lar  momentum.  Results  to  be  discussed  include  the  mounting  new  evidence 
for  the  importance  of  oceanic  excitation  in  explaining  observed  polar  motion, 
on  seasonal  and  shorter  periods.  In  the  case  of  length-of-day,  the  role  of  the 
ocean  as  a  conveyor  of  angular  momentum  signals  between  the  atmosphere  and 
solid  Earth  is  revisited,  with  regard  to  the  possible  short  lags  introduced  in  the 
coupled  system  by  the  oceanic  transmission  process. 


G12  Effects  of  the  atmosphere,  ocean  and  core  on 
nutation,  polar  motion  and  length  of  day 
(co-sponsored  by  SE) 

Convener:  Schuh,  H. 

Co-Convener:  Salstein,  D.A. 

03  Effects  of  the  core 

Convener:  Dehant,  V. 


ON  THE  CONSIDERATION  OF  OCEAN  TIDES  IN  AN  OGCM 
AND  IMPLICATIONS  ON  EARTH’S  ROTATION 
M.  Thomas 

Institut  fur  Meereskunde  der  Universitat  Hamburg,  Troplowitzstr.  7,  D-22529 
Hamburg,  Germany. 

maik.thomasOdkrz.de/Fax:  [49]  -40-5605926 

Numerical  World  Ocean  models  can  still  be  divided  into  (baroclinic)  OGCM’s 
forced  with  wind  stress,  air  temperature  fields  and  freshwater  fluxes  and 
(barotropic)  tidal  models.  Until  now  there  is  no  numerical  model  that  is  capable 
of  describing  the  world  ocean’s  instantaneous  real  dynamics  by  a  simultaneous 
calculation  of  the  tw'o  components  of  motion. 

To  investigate  the  significance  of  non  linear  interactions  of  the  world  ocean's 
general  circulation  and  tides  an  OGCM  is  additionally  forced  with  the  astro¬ 
nomical  tidal  potential.  This  extended  model  is  especially  designed  to  examine 
variations  of  the  world  ocean’s  angular  momentum  on  time  scales  from  hours  to 
decades  resulting  from  real-time  forcing  (NCEP,  ECHAM3-simulations).  Fur¬ 
ther,  the  results  give  hints  on  the  accuracy  of  the  separation  of  numerical  models 
into  pure  OGCM’s  and  tidal  models,  i.e.  of  the  linear  superimposition  of  the 
two  contributions  to  the  ocean’s  motion  field  resulting  from  atmospheric  and 
astronomical  forcing. 

After  a  short  survey  of  the  model's  structure  first  results  with  respect  to  angular 
momentum,  tensor  of  inertia,  and  the  Earth’s  centre  of  mass  will  be  presented. 


ABOUT  THE  INFLUENCE  OF  THE  CORE  ON  NUTATIONS:  A 
BEGINNING. 

V.  Dehant,  P.  Defraigne  and  T.  Van  Hoolst 

Royal  Observatory  of  Belgium,  3  avenue  Circulaire,  B1180  Brussels.  Belgium. 
V .  deheoit  Coma .  be 

It  is  presently  possible  to  compare  very  precisely  the  observed  nutation  as  de¬ 
rived  from  Very  Long  Baseline  Interferometry  (VLBI)  with  the  computed  nuta¬ 
tion  for  a  model  of  a  non-rigid  Earth  initially  in  a  non-hydrostatic  equilibrium 
with  an  elastic  inner  core,  a  liquid  core  and  an  inelastic  mantle. 

The  comparison  shows  that  there  are  still  differences  at  the  level  of  some  tenths 
of  milliarcsecond.  far  above  the  internal  precision  of  VXBI  data.  .\s  seen  from 
some  results  found  in  the  literature  and  from  some  simulations,  these  differences 
are  due  to  the  core.  This  is  the  reason  why  we  have  reviewed  the  existing 
core  modeling.  The  paper  shows  these  results  and  takes  conclusions  about  the 
direction  one  should  take  to  compute  the  core  effects.  We  also  plan  to  show  the 
order  of  magnitude  of  the  effects. 
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GEOPHYSICAL  PARAMETERS  DERIVED  FROM  THE  HAMIL¬ 
TONIAN  NON-RIGID  EARTH  THEORY 
Juan  Getino  (1)  and  J.M.  Ferrandiz  (2) 

(1)  Grupo  de  Mecanica  Celeste,  Facultad  de  Ciencias,  47005  Valladolid,  Spain., 

(2)  Dept.  Matematica  Aplicada,  Facultad  de  Ciencias,  30080  Alicante,  Spain. 
getinoehp9000.uva.es/Fax:  [+34]-83-423013 

In  the  last  years  the  authors  have  been  working  in  an  analytical  non-rigid  Earth 
rotation  theory,  following  the  Hamiltonian  approach.  At  the  present  stage  of 
development,  the  study  of  a  simplified  two-layer  model  (elastic  mantle  and 
liquid  core)  with  dissipation  is  finished,  and  the  solution  of  the  three  layer  case 
has  been  partially  fulfilled  and  is  in  progress. 

The  nutation  series  depend  analytically  on  some  geophysical  parameters,  that 
can  be  computed  from  a  selected  Earth  model  (1066A,  PREM,  etc.)  or  even 
adjusted  by  comparison  with  observed  nutation  series.  The  last  option  gives 
rise  to  an  error  <  0.1  mas  in  all  frequencies.  In  this  communication  we  put  the 
♦♦♦*  on  the  values  of  the  geophysical  parameters  recovered  by  such  adjustment 
procedure,  especially  the  dynamical  ellipticities  of  the  solid  Earth  and  its  three 
components. 

This  kind  of  comparison  among  values  derived  from  nutation  observation  or 
rheological  Earth  models  is  interesting  to  check  both  astronomical  and  geo¬ 
physical  theories.  The  main  feature  of  our  parameters  is  that  the  procedure  of 
derivation  is  completely  self-consistent,  that  is,  all  the  components  of  the  nu¬ 
tation  amplitudes  are  computed  with  the  same  values  of  the  parameters,  what 
is  not  possible  in  the  usual  approach  (rigid  theory  +  transfer  function). 


ABOUT  THE  INFLUENCE  OF  A  POSSIBLE  RELATIVE  RO¬ 
TATION  OF  THE  EARTH’S  INNER  CORE  ON  THE  POLAR 
MOTION,  THE  GEOMAGNETIC  FIELD  AND  THE  GRAVITY 
FIELD 

H.  Greiner- Mai,  H.  Jochmann,  F.  Barthelmes 
GeoForschungsZentrum  Potsdam,  Telegrafenberg  A17,  D-14473  Potsdam. 
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Provided  that  the  figure  axis  of  the  inner  cote  coincides  with  the  dipole  axis  of 
the  geomagnetic  field,  the  relative  rotation  of  the  oblate  inner  cote  with  respMt 
to  the  outer  core  and  the  mantle  can  be  determined.  Because  of  the  density 
difference  between  the  inner  and  outer  core,  this  motion  is  accompanied  by 
a  mass  redistribution  causing  long  term  variations  of  polar  motion.  Assuming 
standard  density  models,  it  is  found  that  variations  of  polar  motion  caused 
by  inner  core  rotation  are  similar  to  those  derived  from  pole  coordinates.  To 
examine  the  assumption  on  the  orientation  of  the  figure  axis,  its  angle  with 
respect  to  the  dipole  axis  is  investigated.  The  dynamo  process  is  simulated  by 
a  prescribed  electric  current  system  within  the  outer  core.  Coincidence  of  both 
axes  can  be  reached  if  the  modul  of  the  angular  velocity  of  the  inner  core  is 
sufficiently  high  and  if  the  current  system  is  concentrated  within  a  thin  shwt 
near  the  outer  core-inner  core  boundary.  Calculatio!  ns  of  the  gravity  potential 
show  that  the  rotation  of  the  inner  core  may  cause  gravity  changes  which  can 
be  detected  by  modern  satellite  methods  if  the  corresponding  data  series  are 
sufficiently  long. 
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Torques  acting  between  core  and  mantle  are  discussed.  On  very  long  timescales 
(10®  years  and  more),  core  and  mantle  are  tightly  coupled  by  viscous  and  mag¬ 
netic  forces.  However,  viscous  and  magnetic  torques  appear  too  weak  to  account 
for  l.o.d.  changes  on  decadal  time  scales.  A  new  derivation  of  the  electromag¬ 
netic  torque,  which  does  not  rely  on  core  velocity  models,  is  presented.  It  allows 
to  pinpoint  magnetic  field  data  that  loosely  constrains  the  value  of  this  torque. 
Mantle  conductance  seems  too  small  by  two  orders  of  magnitude  for  this  torque 
to  be  significant.  As  a  consequence,  pressure  forces  acting  on  smooth  bumps  at 
the  core-mantle  boundary  are  probably  responsible  for  decadal  changes  in  l.o.d; 
We  show  that  the  topographic  torque  scales  as  the  bump  height  h  in  contrast 
with  theoretical  calculations  based  on  motions  excited  by  the  topography  that 
yield  0(h®)  values.  Finally  we  show  that  both  gravitational  and  topographic 
torques  can  be  interpreted  as  the  consequence  of  distortions  of  the  geostrophic 
contours  and  as  such,  they  can  hardly  be  distinguished. 
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Perturbations  in  the  angular  velocities  and  relative  orientations  of  the  mantle, 
fluid  outer  core,  and  solid  inner  core  bring  into  play  gravitational,  pressure, 
electromagnetic,  and  other  torques  that  couple  the  rotational  motion  of  each 
region  to  those  of  the  others.  The  eigenfrequencies  of  this  coupled  system  and 
the  strengths  of  the  associated  resonances  in  forced  nutations  are  sensitive  to 
the  parameters  of  the  torques.  Prominent  among  these  are  the  core  mantle 
boundary  (CMB)  flattening,  the  magnetic  field  strength  at  the  CMB  and  the 
electrical  properties  of  the  mantle  layers  immediately  above,  and  the  flattening 
of,  and  the  magnetic  field  strength  at,  the  inner  core  boundary  (ICB).  The 
effects  of  both  the  CMB  and  the  ICB  couplings  could  be  surprisingly  large  with 
realistic  values  for  the  parameters.  Independent  estimation  of  CMB  and  ICB 
parameters  is  possible  from  nutation  data  since  they  affect  different  resonances 
and  are  manifested  in  different  parts  of  the  nutation  spectrum.  We  shall  present 
estimates  (obtained  using  high-precision  nutation  amplitude  estimates  from 
18  years  of  VLBI  data)  for  the  CMB  flattening  and  the  magnetic  coupling 
parameters  at  both  the  boundaries,  and  discuss  their  implications. 
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The  angular  momentum  budget  of  the  Earth  has  been  studied  across  a  broad 
range  of  timescales.  For  the  axial  component,  the  cote  is  thought  to  be  im¬ 
portant  on  decadal  timescales.  Researchers  have  found  a  good  agreement  for 
this  century  between  changes  in  the  axial  angular  momentum  of  the  core  in¬ 
ferred  geomagnetically  and  those  inferred  from  geodetic  observations  of  Earth 
rotation.  On  much  shorter  (annual  and  subannual)  timescales,  the  atmospheric 
angular  momentum  (AAM)  is  very  coherent  with  LOD.  If  there  is  core-mantle 
coupling  on  these  timescales,  the  main  effect  would  be  to  cause  the  core  to 
respond  to  differential  motion  of  the  mantle  forced  by  the  atmosphere.  We 
explain  how  this  would  cause  a  phase  lead  of  LOD  ahead  of  AAM.  There  is 
some  observation  evidence  for  such  a  phase  difference;  we  discuss  the  implica¬ 
tions,  and  the  role  of  the  oceans.  If  dynamic  core-mantle  coupling  occurs  at  the 
core-mantle  boundary  (CMB),  then  coupling  requires  not  only  a  mechanism  to 
transmit  momentum  across  the  CMB  but  also  a  mechanism  to  transmit  the 
momentum  between  the  boundary  region  and  the  bulk  of  the  core.  Therefore, 
the  internal  dynamics  of  the  core  may  play  an  important  role.  Core  dynam¬ 
ics  are  frequency  dependent  and  are  also  strongly  influenced  by  the  Earth’s 
rotation.  If  axisymmetric  inertial  waves  are  important  for  axial  core-mantle 
coupling,  then.non-axial  coupling  may  be  less  efficient  as  these  waves  have  no 
direct  equatorial  counterparts. 
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Global-scale  mass  transport  in  geophysical  fluids  of  the  atmosphere-hydrosphere-solid 
Earth-core  system  gives  rise  to  global,  albeit  slight,  geodynamic  variations,  including 
those  in  angular  momennim  (AM),  in  gravitational  field,  and  in  geocenter  location. 
Under  the  conservation  of  AM,  any  AM  variation  in  the  geophysical  fluids  is 
accompanied  by  a  corresponding,  but  reverse  variation  in  solid  Earth's  rotation.  The 
latter,  in  both  UTl/lengch-of-day  (LOD)  and  polar  molion/nutation,  have  been 
observed  for  yean  with  increasing  precisian  and  temporal  resolution  by  means  of 
space  geodetic  techniques.  Five  major  Qrpes  of  global  geophysical  fluid  mass 
redistribution  will  be  discussed:  (I)  Atmospheric  AM  (AAM)  has  been  known  to  be 
the  dominant  cause  for  Earth  rotation  variations  on  time  scales  from  a  few  days  to 
several  years.  A  number  of  weather  centers  and  NASA's  Data  Assimilation  Office 
provide  computed  AAM  series.  (2)  Wind-driven  Oceanic  AM  (0AM):  Significant 
advances  in  0AM  studies  have  been  achieved  recently,  based  on  computations  using 
a  state-of-the-art  ocean  circulation  modeb.  Correlations  have  been  found  between  such 
"predicted*  0AM  and  the  non-AAM  Earth  rotation  variations.  Equally  important, 
oceanic  altimeter  measurements,  such  as  those  from  the  Topea/Poseidon  (T/P) 
satellites  when  used  in  conjunction  with  ocean  circulation  models  to  separate  out  sieric 
effects,  will  provide  independent  estimates  of  0AM.  (3)  Oceanic  Tidal  AM  (OTAM) 
has  been  successfully  computed  based  on  various  ocean-tide  modeb  and  observations, 
particularly  those  derived  from  the  T/P  observations.  Such  OTAM  estimates  agree 
remarkably  well  with  actual  Earth  rotation  measurements  (both  long-temi  and 
high-frequency  during  intensive  campaigns),  paving  the  way  for  the  study  of 
high-fiequency  non-OTAM  (such  u  seismic)  effects.  (4)  Continental  Hydrological 
AM  (HAM):  Hydrological  variations  include  rain  and  snow  precipitition.  polar  and 
mountain  glaciers,  polar  ice  aheeb,  underground  water  storage,  and  artificial 
reservoirs.  Large  uncertainties  exist  in  the  HAM  estimates  due  to  lack  of  global 
observations  and  modeling  errors.  (S)  New  studies  using  geodynamo  models  can  shed 
light  on  the  fluid  core  flow  and  hence  the  Core  AM  (CAM)'s  magnitude  and  lime 
scales,  the  core-mantle  coupling  mechanisms,  and  motion  of  the  solid  inner  core. 
Sebmological  evidences,  nutations,  and  decadal  LOD  variations  provide  observational 
constrainu. 
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Geophysical  processes  produce  global  redistributions  of  masses.  We  distinguish 
between  direct  and  indirect  influences  of  these  mass  displacements  on  the  ro¬ 
tation  vector  of  the  Earth.  Direct  effects  result  from  the  changes  of  the  tensor 
of  inertia  due  to  the  mass  displacements  and  from  mass  motions  relative  to  the 
terrestrial  system.  Mass  redistributions  influence  also  indirectly  the  Earth  ro¬ 
tation  by  changing  the  moments  of  inertia  by  load  deformations.  Deformations 
due  to  oceanic  and  atmospheric  loading  are  well-known  effects.  The  influences 
of  small  surface  deformations  caused  by  snow  and  ice  cover  or  groundwater 
level  variations  are  also  looked  at.  Our  investigations  are  based  on  the  Euler- 
Lioiiville  differential  equations.  Higher  order  terms  have  been  analysed  in  order 
to  verify  the  commonly  used  linearization.  Simulations  of  snow  cover  and  wa¬ 
ter  level  variations  are  pre.sented  to  estimate  the  magnitude  of  the  resulting 
perturbations  in  Earth  rotation.  The  influence  of  the  motion  terms  of  angular 
momentum  is  compared  with  that  of  the  matter  terms.  This  is  of  particular 
interest  in  the  case  of  slow  mass  displacements  of  water,  which  is  evaporated 
from  the  oceans  and  temporally  depo.sited  as  snow  on  the  northern  hemisphere. 
Load  deformation.s  are  modelled  using  the  globally  defined  load  Love  numbers 
and  a  plate  fie.Kure  model. 
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W  avelet  .\iialy.sis  is  applied  to  analyze  the  total  polar  motion,  First,  the  wavelet 
transform  is  used  to  identify  the  components  {prograde  and  retrograde)  pre.sent 
in  the  data.  This  wavelet  transform  is  sulxsequently  u.sed  to  filter  and  recon- 
strurt  each  component.  We  show  how  the  ridge  of  the  wavelet  transform  may 
be  used  to  localize  and  characterize  rapid  phasejumops  in  the  data,  On  syn¬ 
thetic  data  we  show  how  the  characterstic  parameters  (duration,  amplitude, 
pasition)  may  recovered  from  the  wavelet  transform  ridge.  This  technique  is 
applied  to  the  polar  motion  data.  We  fijid  that  at  most  feji  phasejumps  are 
needed  .to  explain  the  oscillations  of  the  ridge  function.  It  is  found  that  all 
but  one  phasejumps  have  durations  of  le.ss  than  2  years  anrl  each  of  them  is 
followed  by  a  geomagnetic  event  within  at  most  3  years.  Simple  statistal  test 
asses  the  corelation  between  both  types  of  events.  Simple  physical  models  of 
the  core-mantle  roii[)!ing  show  that  the  observed  pha.se  Jumps  corre.spond  to 
torques  of  about  lO'l)  .\m. 
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VLBI  is  one  of  the  most  important  techniques  for  measuring  Earth  orientation 
parameters  (EOF),  and  is  unique  in  its  ability  to  make  high  accuracy  measurements  of 
UTl.  These  measurements  of  EOF  give  constraints  on  geophysical  models  of  the 
soiid-Earth,  atmosphere  and  oceans.  Changes  in  EOF  are  due  either  to  external  torques 
from  gravitational  forces,  or  to  the  exchange  of  angular  momemtum  between  the 
Earth,  atmosphere  and  oceans.  The  efTect  of  the  external  torques  is  strictly  harmonic 
and  nature,  and  is  therefore  easy  to  remove.  We  analyze  an  EOF  time  series  derived 
from  VLBI  measurements  with  the  goal  of  identifying  large  scale  ocean-atmosphere 
patterns  in  the  VLBI  data.  Previous  work  by  other  investigators  demonstrated  a  high 
degree  of  coherence  between  atmospheric  angular  momemtum  (AAM)  and  EOF.  We 
study  the  residual  signal  obtained  by  subtracting  the  AAM  contribution  from  EOF. 
Changes  in  this  series  are  due  predominantly  to  changes  in  the  oceanic  angular 
momentum.  We  analyze  this  series  in  several  ways,  including  Fourier  analysis, 
windowed  Fourier  analysis,  band-pass  filtering,  and  wavelet  analysis.  We  show  that 
the  signature  of  previous  el  Nino-Southem  Oscillation  (ENSO)  events  is  easily 
discernible  in  the  lengih-of-day  (LOD)  data.  Most  of  these  analysis  techniques  have 
the  drawback  that  the  data  must  contain  all  or  most  of  an  ENSO  event  for  it  to  be 
discernible.  Hence  they  are  good  at  detecting  the  ENSO  event,  but  not  at  prediction 
or  real-time  detection.  We  therefore  investigate  various  schemes  for  filtering  the  EOF 
data  to  provide  early  detection  of  ENSO  events.  We  find  that  removing  the  long  term 
secular  variation  in  LOD  enhances  the  signature  of  the  ENSO.  For  most  of  1997  the 
detrended  LOD  was  larger  than  normal.  The  current  1997  ENSO  continues  to  develop 
in  interesting  and  une.xpected  ways.  We  plan  to  update  our  analysis  of  ENSO  and  LOD 
with  all  data  available  prior  to  the  EGS  meeting. 
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As  it  follows  from  paleontological  and  paleosedimentological  data  analysis,  the 
mean  speed  ofevolutionof  the  length  of  a  day  during  Proterozoic  appeared  to  be 
much  less  than  that  of  Phanerozoic.  .As  it  was  mentioned  in  my  abstracts  for  the 
ECiS  Assembley  1995  this  phenomenon  could  be  explained  by  simultatieou.sly 
decreasing  of  tidal  period  and  average  ocean  depth  if  the  hypothesis  of  average 
depth  time  dependence  presented  in  the  book  of  Sorochtiniclshakov  "Earth 
Global  Evolution" (Moscow  1991)  Is  accepted.  These  results  were  obtained  on 
the  base  of  continental  paleogeographic  reconstructions  of  Monin  etc.  1986.  The 
calculations  performed  on  the  base  of  Pangea  hypothesis  of  Piper  et.  al  show 
us  that  slower  tidal  evolution  during  Proterozoic  could  occur  also  for  present 
and  time  variable  ocean  depths  (EGS  Abstracts  1996).  The  estimates  based  on 
averaging  the  power  spectra  of  tidal  output  during  geological  epoches  confirm 
these  results. 


C390 


THEORY  OF  THE  EARTH'S  ROTATION  AT  DIFFERENT  TIME- 

SCALES 

M.  Greff-Lefftz 

Institut  de  Physique  du  Globe  de  Paris,  4  place  Jussieu,  75005  Paris,  France. 

The  rotations  of  the  Earth  and  of  the  cote  are  investigating  using  the  angular 
rnoinentuin  theorem  at  different  time-scales,  for  a  mantle  having  a  Maxvvell 
model  of  rheology. 

.\t  a  time-scale  in  the  range  the  day  to  the  decades,  the  Earth  has  an  elastic 
behaviour.  The  atmosphere  is  responsible  for  perturbations  in  the  polar  motion 
and  in  the  length  of  day  (lod)  over  periods  less  than  '2  years.  At  decadal  time- 
scale,  the  angular  momentum  of  the  core  (computed  from  the  velocity  field  at 
the  Core-Mantle  Boundary  (C.MB)  from  the  secular  variation  of  the  geomag¬ 
netic  field)  is  correlated  with  the  lod.  Different  kinds  of  core-mantle  coupling 
are  proposed. 

.\t  secular  time-scale  where  the  mantle  is  assumed  to  be  viscoelastic,  there  is 
a  shift  of  the  polar  motion  of  about  some  centimeters  per  year  toward  Canada 
which  is  explained  by  the  post-glacial  rebound  induced  by  the  Pleistocenic 
deglaciation.  Various  viscosity  models  of  the  mantle  have  been  tested,  for  a 
linear  theory  of  rotation. 

At  geological  time-scale,  where  the  Earth  has  a  quasi-fluid  behaviour,  the  tem¬ 
poral  evolution  of  the  mantle  density  heterogeneity  involves  a  non-linear  shift 
of  the  Earth’s  rotation  vector,  called  the  True  Polar  V\ander  (TPV\).  The 
influence  of  a  blob  sinking  vertically  into  the  mantle  on  the  TPW  has  been 
investigated,  assuming  a  physical  or  chemical  boundary  at  K70  km  depth. 
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The  parameters  of  the  Free-core  nutation  (FCiN)  mode  can  be  determined  from 
the  VLBl  observations  of  the  celestial  pole  offsets.  We  analysed  two  time  series 
of  di.',  de  determined  by  the  USNO  in  1984.0-1997.8  and  by  the  IER.S  in  1984.0- 
1997.r),  Applying  the  Least  Squares  method  the  annual  oscillation  wa.s  removed 
from  the  dv,  dt  data.  The  time  variable  spectra  were  computed  using  the 
Fourier  Transform  band  pass  filter  (FTBPF)  and  the  Wavelet  Transform  (WT) 
methods.  The  computed  spectra,  in  the  period  range  of  200-470  days,  show  the 
FCN  oscillation  with  a  period  of  about  416-420  days  and  variable  amplitude 
of  the  order  of  0.2-0. 2  mas. 
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Very  Long-Baseline  Interfcromelty  (VLBl)  is  an  observalional  technique  which 
is  able  to  measure  a  lot  of  tiny  natural  efibcis:  pole  motion,  velocity  of  the  Earth 
rolation,  nutation,  tectonic  motion  of  continents,  etc.  But  up  to  now  the  strong 
potential  of  VLBl  teclmiquc  has  not  been  realized  completely  because  routine 
solution  from  24-hour  sc.ssion  provides  us  only  one-day  esliinaies  of  EOP  and 
subdiurtiftl  variations  arc  not  available.  Forlunately,  it  is  possible  to  apply  least 
squares  collocation  method  (LSCM)  for  get  the  high-frequency  csiimatcs  of 
parameters  under  study  directly.  The  method  takes  into  account  an  internal 
correlation  between  single  VI.Bl  scans.  Following  the  LSCM  one  can  consider 
the  Siibdiurnal  EOP  variations  a.s  a  stochastic  process  and  in,ake  use  apriori 
information  (autocorrelation  function)  for  adjustment  procedure.  It  allows  to 
obtain  Ihe  EOP  estimates  with  high  temporal  resolution  corresponding  to  rate  of 
VLBl  experiment  performance  (1  value  per  3-5  minutes)  VLB)  data  from 
CONT'94  and  CONT'96  intensive  campaigns  have  been  adjusted  using  LSCM. 
Time  series  of  pole  moliou  and  the  Earth  rotation  variations  were  obtained. 
Subdiurnal  variations  in  UTl-UTC  due  to  both  forced  as  well  as  free  oscillation 
effects  in  World  Ocean  arc  discussed. 


LONG  SERIES  OF  EARTH  ROTATION  PARAMETERS  AFTER 
RE-ANALYSIS  WITHIN  THE  HIPPARCOS  FRAME 

Jan  VondrSk,  AI 
Astronomical  Institute,  Prague 
vondrak@ig.cas.cz 

The  Earth  rotation  parameters  (ERP)  in  the  interval  1899.7-1992.0 
are  obtained  from  re-analysis  of  the  observed  latitude/universal  time 
variations  by  optical  astrometry.  Hipparcos  Catalogue  is  used  to  define 
the  celestial  reference  frame,  within  which  the  ERP  are  described, 
with  special  care  devoted  to  ’problematic’  double  and/or  multiple 
stars.  The  terrestrial  reference  frame  is  defined  by  the  adopted 
latitudes/longitudes  of  participating  instruments  and  their  seimlar 
motions  as  given  by  the  NUVEL-1  NNR  model  of  plate  motions. 

More  than  four  million  observations  with  48  different  instruments  at 
31  observatories  located  all  over  the  world  are  utilized  to  determine 
polar  motion,  celestial  pole  offsets  and  (after  1956)  universal  time 
UTl,  all  at  5-day  intervals.  Along  with  these  parameters,  the 
combinations  of  Love  numbers,  governing  the  tidal  variations  of  the 
local  verticals  at  the  observatories,  are  also  determined.  The 
preliminary  analysis  of  the  results  obtained  are  presented. 


MONITORING  EARTH  ROTATION  VARIATIONS  BY  GPS 

R. Weber  *  ,  M.Rothacher  ♦*,  T.Springer  *♦ 

*  Institut  f.  Theoretische  Geodaesie  u.  Geophysik,  TU-Wien 
♦♦Astronomisches  Institut,  Universitat  Bern 
rweber@terra.tuwien.ac.at,  rothacher(§aiub.unibe.ch 

Over  the  past  years  GPS  has  become  an  important  tool  for  the  estimation  of 
global  geodynamic  parameters.  At  present  polar  motion  as  well  as  variations 
of  universal  time  are  been  determined  daily  by  organizations  participating  in 
the  International  GPS-service  for  Geodynamics  (IGS)  with  an  accuracy  of  +/- 
0.1  mas  and  4-/-30microsec  respectively.  In  addition  subdaily  ERP-series  with 
a  time-resolution  of  2  hours  are  available  since  1995. 

This  presentation  tries  to  summarize  the  most  recent  results  obtained  at 
CODE  concerning  the  effects  of  the  ocean  tides  on  ERPs  at  subdaily  time 
scales.  Furthermore  some  aspects  concerning  polar  motion  and  lod  changes 
caused  by  atmospheric  angular  momentum  exchange  with  the  solid  earth  at 
periods  of  1-2  days  are  also  discussed. 
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Convener:  Calais,  E. 

Co-Convener:  Ambrosius,  B.A. 


COMBINATION  OF  VLBI.  GPS  AND  SLR 
OBSERVATIONS  AT  THE  OBSERVATION 
LEVEL -FIRST  RESULTS 

P.  H.  Andersen  n 

( I )  Forsvarets  forskningsinstitim.  P,  O.  Box  25.  N-2007  Kieller. 
Norway,  (2)  Institute  of  Theoretical  Astrophysic.s.  P.  O.  Box  1029. 
Blindern  0,115.  University  ofOslo.  Norway, 
per-helae.andersen'ivfFi  no 

A  significant  number  of  VLBI  and  SI.R  stations  are  equipped  with 
GPS  receivers.  A  lew  true  tlindamental  stations  with  all  three 
techniques  even  exist.  Each  tecitniqtie  has  its  strengtit  and  weakness 
with  respect  to  the  determination  of  geodetic  parameters  and  together 
they  complement  each  other  in  a  way  that  should  be  fully  taken' 
advantage  of  in  the  data  analysis.  The  simultaneous  analysis  of 
dirterem  data  types  at  the  observation  level,  due  consideration  of  the 
physical  interrelations,  and  presentation  of  results  in  a  common 
reference  system,  are  the  main  ideas  behind  the  dev  elopntent  of  the 
OEOS.AT  sotlware.  .A  new  and  improved  version  of  the  soliware  has 
been  implemented  with  an  automatic  generation  of  1 1  consistent  (at  the 
0.1  ppb-level)  observation  residuals,  and  partial  derivatives  for  VLBI. 
GPti  and  SLR.  and  2|  a  simultaneous  arc-bv  -arc  UD-filtering.  I  he 
main  elements  of  the  program  design  and  the  first  restilts  vvill  be 
presented. 


THE  ESTABLISHMENT  OF  A  PERMANENT  GEODETIC  NETWORK  IN  THE  UK 

V  Ashkenazi,  H  C  Baker,  R  M  Binglev.  A  H  Dodson,  N  T  Penna  (lESSG, 
University  of  Nottingham.  Nottingham,  UK) 

T  F  Baker  (Proudman  Oceanographic  Laboratory,  Merseyside,  UK) 

R  G  Greenaway,  K  Nursey,  D  Bedlington  (Environment  Agency.  Reading,  UK) 

D  Offiler,  D  Jerrett  (Meteorological  Office,  Reading,  UK) 

The  lESSG  at  the  University  of  Nottingham  is  currently  involved  in  a  number  of 
collaborative  research  projects  using  Continuously  Operating  GPS  Receivers 
(COGRs)  in  the  UK.  These  projects  have  led  to  the  establishment  of  a  permanent 
geodetic  network  of  twelve  COGRs,  which  is  being  used  for  a  wide  range  of 
environmental  research. 

Five  of  the  COGRs  are  located  at  major  tide  gauges,  and  have  been  established  for 
the  monitoring  of  vertical  land  movement  in  relation  to  changes  in  mean  sea  level. 
One  of  these  five,  and  two  further  COGRs  are  sited  along  the  River  Thames  in 
London,  and  were  established  in  order  to  monitor  changes  in  regional  ground  level 
in  this  low  lying  river  estuary,  in  relation  to  flood  defence.  The  other  four  COGRs 
are  located  at  Meteorological  Stations,  and  were  established  in  conjunction  with  the 
EC  funded  WAVEFRONT  project,  which  is  related  to  the  estimation  of  atmospheric 
water  vapour  for  climatological  and  meteorological  applications. 

This  paper  provides  details  of  the  permanent  geodetic  network  in  the  UK,  and 
presents  a  summary  of  the  preliminary  results  from  the  research  projects. 


ACTIVITY  OF  THE  LAMKOWKO  IGS  PER.MANENT  STATION 

L.W.  Baran.  J.  Kapeia.  A.  Krankowski  and  P.  Wielgosz  (Institute  of  Geodesy,  Olsztyn 
University  of  Agriculture  and  Technology,  Oczapowski  Str.l,  10957  Olsztyn,  Poland) 

I.I.  Shagimuratov  (West  Department  of  the  Institute  of  Geomagnetism,  Ionosphere  and 
Radio  Wave  Propagation  (IZMIRAN)  of  the  Russian  Academy  of  Sciences,  Pobeda 
Str.4I,  236017  Kaliningrad,.  Russia) 

Lamkowko  Satellite  Observatory  is  located  in  Northern  Poland.  It  is  one  of  three  polish  IGS 
(International  GPS  Service  for  Geodynamics)  station.  The  main  monument  of  our  obsertatory. 
named  LAMA,  is  the  point  of  the  IGS  network  and  EUREF  (European  Reference  Frame) 
permanent  network.  GPS  observations  are  made  using  Turbo  Rogue  SNR-8000  and  Ashtech  Z  XII 
reecivers.  Operation  of  these  receivers  is  controlled  by  the  Rubidium  Frequency  Standard.  Results 
of  GPS  observations  are  used  in  global  geodynamic  research  and  also  in  many  regional  programs: 

•  EXTENGED  SAGET  (Satellite  Geodynamie  Traverses) 

•  CERGOP  (Central  European  Regional  Geodynamie  Project) 

•  BSL  (Baltic  Sea  Level)  Project 

•  GEODUC  (Geodynamics  of  Ukrainian  Carpathians). 

Results  of  GPS  measurements  are  used  in  our  own  studies  comprising: 

•  monitoring  of  the  vector  Lamkow  ko-Borowiec  and  other  vectors 

•  ionospheric  TEC  variation  determination  at  middle  latitudes. 

Ionospheric  research  ore  carried  out  by  Institute  of  Geodesy,  Olsztyn  University  of  Agriculture  and 
Technology  in  co-operation  with  West  Department  of  the  Institute  of  Geomagnetism.  Ionosphere 
and  Radio  Wave  Propagation  of  the  Russian  .Academy  of  Sciences  in  Kaliningnid. 


STATUS  AND  PERFOR.VIANCE  OF  THE  GERMAN  PERM  ANENT  GPS 
NETWORK  GREF-PER.MANENT 

M.  Becker,  P.  Franke,  W.Schluter,  H.  Seeger,  G.  Weber 

Federal  Agency  for  Cartography  and  Geodesy  (BKG),  Frankfurt  a.M., 

weber(gifag.de/Fax:+49-69-6333-425Germany, 

The  Federal  Agency  for  Cartography  and  Geodesy  is  installing,  maintaining  and 
operating  a  permanent  GPS  network  of  about  20  stations  in  Germany,  This  net¬ 
work  is  enlarged  by  the  inclusion  of  several  European  EUREF  permanent  sta¬ 
tions.  It  is  further  densified  through  the  addition  of  permanent  stations  of  the 
federal  .state’s  survey  authorities.  Since  middle  of  1996  the  BKG  computes  daily 
solutions  for  a  set  of  German  and  European  permanent  GPS  stations  using  the 
Bernese  OPS  software.  Loosely  constrained  solutions  are  generated  and  analysed 
to  investigate  kinematic  effects  and  their  influences  on  geodetic  reference  systems 
in  Central  Europe  and  the  Mediterranean  area. 

The  time  series  of  co-ordinates  available  today  cover  a  period  of  more  than  three 
years.  Regional  velocities  are  compared  with  NUVEL  model  velocities.  The  time 
series  are  analysed  in  view  of  short  and  medium  scale  variations.  Details  of  the 
time  series  analysis  are  given.  Model  calculations  are  presented  and  their  signifi¬ 
cance  for  GPS  data  processing  is  discussed.  The  relation  of  obtained  results  with 
tidal  deformation  and  possible  other  effects  is  going  to  be  studied. 

The  paper  discusses  the  status  and  the  further  activity  concerning  the  deployment, 
analysis  and  usage  of  GPS  permanent  stations  in  Germany. 


THE  SOUTHERN  CALIFORNIA  INTEGRATED  GPS  NET¬ 
WORK 

Y.  Bock  (1).  K.  Hudnut  (2),  \V.  Prescott.  (3),  M,  Watkins  (4),  D.  Agnew  (1), 
J.  Galtezka  (2),  N.  King  (2),  J.  McRaney  (5),  J.  Scheid  (4),  F.  Webb  (4),  F. 
Wyatt  (1).  W.  Young  (6)  and  Y.  Bock  (1) 

(1)  SIO/IGPP,  La  Jolla,  California,  (2)  USGS,  Pasadena,  California,  (3)  USGS, 
Menlo  Park.  California,  (4)  JPL,  Pasadena,  California,  (5)  USC,  Los  .Angeles, 
California,  (6)  Riverside  County,  California. 

The  southern  California  Permanent  GPS  Geodetic  .Array  (PGG.A)  was  estab¬ 
lished  in  the  spring  of  1990  to  evaluate  continuous  GPS  (CGPS)  as  a  new  tool 
for  monitoring  the  crustal  deformation  cycle  and  assessing  earthquake  hazards. 
The  destruction  caused  by  the  1994  {Mw=6.7)  Northridge  earthquake  spurred 
a  four-fold  increase  in  the  number  of  continuous  CiPS  sites  within  two  years  of 
this  event,  with  a  concentration  in  the  Los  .Angeles  Metropolitan  region.  The 
PGG.A  is  now  the  regional  component  of  the  Southern  California  Integrated 
GPS. Network  (SCIG.N)  of  .50-i-  sites:  SCIGN  will  be  expanded  in  1998-1999  to 
2.50  sites  throughout  southern  California  but  witli  a  primary  focus  oil  the  Los 
.Angeles  metropolitan  region.  SCIGN  is  a  collaborative  effort  of  scientists  and 
staff  at  Southern  California  institutions  under  the  umbrella  of  the  Southern 
California  Earthquake  Center  (SCEC).  SCIGN  operational  centers  are  located 
at  Jet  Propulsion  Laboratory.  Scripps  Institution  of  Oceanograpiiy.  and  L.S. 
Geological  Survey  (Pasadena).  We  describe  the  particular  features  adopted  by 
SCIGN  for  monitoring  small  crustal  deformation  with  the  higliest  accuracy  and 
reliability,  and  adequate  spatial  andtemporal  resolution. 
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USING  THE  EUREF  PERMANENT  GPS  NETWORK  TO  DE¬ 
TECT  DEFORMATIONS  WITHIN  THE  EURASIAN  PLATE 

C.  Briiyninx 

Royal  Observatory  of  Belgium,  Av.  Circulaire,  3.  B-1180  Brussels.  Belgium. 

C. Bruyninxfioma.be/Fax:  [32]  2  374  98  22 

In  1995,  the  lAG  subcommissioii  ‘"EUREF”  took  the  initiative  to  establish 
a  permanent  GPS  network  in  Europe  for  the  maintenance  of  the  European 
Reference  Frame.  The  underlying  reference  system,  called  ‘‘ETBSSO’*  is  fixed 
to  the  stable  part  of  the  European  plate  and  its  yearly  realizations  create  the 
homogeneous  European  reference  to  which  local  European  GPS  campaigns  and 
permanent  GPS  arrays  should  be  linked. 

The  EUREF  network  presently  consists  of  64  tracking  stations  covering  23 
countries,  going  from  Greenland  to  Turkey. 

The  aim  of  this  paper  is  to  assess  the  quality  of  the  velocities  computed  with 
the  more  than  two  years  of  weekly  EUREF  solutions  presently  available.  In 
order  to  obtain  motions  within  the  European  plate,  no  a  priori  velocity  model 
was  used.  The  majority  of  the  resulting  "European”  horizontal  velocities  is  of 
the  mm  level.  Due  to  the  very  small  velocity  vectors,  it  is  clear  that  great  care 
is  necessary  with  their  interpretation,  even  though  permanent  GPS  sites  have 
been  used.  The  paper  investigates  the  possible  error  sources,  such  as  insufficient 
high  quality  data,  changes  at  the  antenna  or  its  environment  and  computation 
related  effects. 

Finally,  recommendations  are  made  in  order  to  improve  the  use  of  the  EUREF 
permanent  network  for  crustal  deformation  studies. 


A  PERMANENT  GPS  NETWORK  FOR  MONITORING 
CRUSTAL  DEFORMATION  IN  THE  WESTERN  ALPS. 

Eric  Calais  (1)  and  F.  Earlier  (OCA-CERGA).  R.  Bayer,  J.  Chery  (Univ. 
Montpellier),  C-Boucher  (IGN/LAREG).  F.  Colton,  P.  Dervin  (IPSN),  F. 
Jouanne  (Univ,  Savoie).  A.  Manzino  (Pol.  di  Torino),  J.  Martinod  (Univ. 
Grenoble),  C.  Ramel  (CNRS  Villefranche-sur-Mer),  C.  Vigny  (ENS  Paris)  (2) 
(1)  CNRS  Geosciences  Azur,  Sophia  Antipolis,  France,  (2)  . 

Within  the  framework  of  a  scientific  collaboration  between  the  CNRS-INSU. 
the  universities  of  Nice,  Grenoble,  Chambery.  Montpellier,  the  Observatoire  de 
la  Cote  d'Azur  (CERG.\),  the  Institut  Geographique  National  (LAREG)  and 
the  Institut  de  Protection  et  de  Surete  Nucleaire  (CEA).  a  network  of  perma¬ 
nent  GPS  stations  is  currently  being  installed  in  France  in  the  Western  .Alps 
and  their  foreland.  The  scientific  objective  is  primarily  crustal  deformation 
monitoring,  but  this  permanent  GPS  network  will  also  serve  atmospheric  (tro¬ 
pospheric  water  vapor  and  ionospheric  electron  content)  as  well  as  surveying 
applications.  As  a  first  step.  4  stations  are  installed  near  Lyon,  Chambery.  St 
Jean  de  Maurienne  and  Modane.  in  order  to  provide  a  transect  (including  the 
permanent  station  of  Torino)  that  samples  each  of  the  major  tectonic  blocks. 
In  the  southern  .Alps  and  Provence,  two  stations  are  installed  in  the  Luberon 
and  at  Cadarache  on  each  side  of  the  Durance  active  fault  zone,  in  addition  to 
the  existing  IGS  site  at  Grasse  supported  by  ONES.  .Additional  stations  will 
be  installed  in  1998.  We  present  the  status  of  the  network  and  preliminary 
deformation  results  in  the  Western  Alps  based  on  2  years  of  continuous  GPS 
data  at  Grasse,  Torino,  and  Zimmerwald. 


THE  REGIONAL  VLBI-NETWORK  FOR  MEASUREMENT  OF  CRUSTAL 
MOTION  IN  EUROPE  -  STATUS  AND  RESULTS 

James  Campbell.  Axel  Nothnagel,  Mauro  Sorgente 
Geodetic  Institute,  University  of  Bonn,  Germany 
campbelI@sn-geod- 1  .geod.uni-bonn.de 

At  present,  the  European  geodetic  VLBI  network  consists  of  ten  stations  with  six 
core  stations  participating  since  its  first  joint  session  in  early  1990.  The  operation  of 
the  network  is  organised,  correlated  and  analysed  by  the  VLBI  group  at  the 
Geodetic  Institute  of  the  University  of  Bonn.  Geodetic  analyses  are  also  being 
performed  by  several  other  participating  groups.  The  network  has  been  operational 
since  the  late  eighties  starting  with  three  sessions  of  24  hours  each  per  year.  For  five 
years  now  the  sessions  have  been  scheduled  in  bi-monthly  intervals.  Since  1993  the 
operations  have  received  financial  support  under  two  consecutive  EU-Programmes 
(Science  and  Training  &  Mobility). 

Baseline  length  changes  and  station  drift  rates  have  been  derived  from  the  data  with 
steadily  increasing  accuracy.  The  motions  detected  so  far  are  rather  small,  i.e.  on  the 
order  of  one  to  six  millimeters  per  year.  The  overall  picture  of  these  motions  agree 
very  well  with  the  pattern  of  tectonic  motions  based  on  geophysical  data.  Recent 
analyses  are  made  to  emphasise  vertical  motions,  which  are  even  more  difficult  to 
detect  due  to  the  negative  effects  of  tropospheric  path  delays. 

This  paper  describes  the  most  recent  analyses  and  depicts  the  results  of  baseline 
related  computations  as  well  as  station  drift  rates  in  a  Europe  fixed  frame. 


SOUTH  SPAIN-NORTH  AFRICA  GEODYNAMIC  GPS 
NETWORK 

J.  Martin  Davila  ( 1).  J.  Garate  (1)  and  M.  Berrocoso  (2). 

(1)  Royal  N.  Obsen  atorj  .  San  Fernando  (2)  Dept.  Math..  University  of  Cadiz.  Spain. 
mdaviia3,roa.es  /  fax: +34-56-599366. 

The  ‘  Ibero-Magrebian"  region  includes  the  Iberian  Peninsula;  Gulf  of  Cadiz. 
Alboran  Sea  and  the  North-Western  part  of  Africa,  and  comprises  a  part  of  the 
westernmost  Eurasia- Africa  plate  boundan  .  The  main  geological  topics  of  the 
South  Spain-North  Africa  area  are:  The  Betic,  Rift  and  Tell  Mountain  belts, 
western  limit  of  the  Alpine  orogenic  belt.  The  seismicity  is  characterized  by 
moderate  magnitude  earthquakes  (M<5),  but  the  ocurrence  of  destructive  ones  in 
the  past  is  documented  (M=8).  Intermediate  (90  km)  and  deep  activity  (650  km)  is 
registered  The  regional  stress  pattern,  derived  from  fault  plane  solutions,  is  N-S  to 
NW-SE  horizontal  compression.  The  NUVEL-IA  plate  motion  model  predicts  for 
this  area  a  continued  NW-SE  convergence  of  Africa  and  Eurasia  at  a  rate  of  5 
mm/>.  To  study  this  convergence,  several  selected  sites  located  in  the  south  Spain 
and  north  Africa,  have  been  monumented  and  GPS  observed  during  1994.  some  of 
them  were  reobserved  in  1996.  A  new  complete  reobservation  field  campaing  has 
been  fund,  to  be  developed  in  the  period  1998-1999.  Meanwhile  a  permanent  IGS 
site  (SFER)  has  been  installed  (1996)  at  San  Fernando  Obsenatory  (Cadiz)  and  a 
new  permanent  GPS  site  w  ill  be  installed  in  the  first  half  period  of  1998  at  Mellila 
(North  Africa).  Obsenalions  have  been  already  carried  out  in  Cartagena  (SE  of 
Spain),  in  order  to  complete  a  permanent  GPS  geodytiamic  triangle  (S.  Femando- 
Mclilla-Caitagena)  covering  this  broad  deformation  area. 


THE  ITALIAN  GPS  FIDUCIAL  NETWORK  IN  ITALY,  PRESENT  STATUS 
AND  FUTURE  DEVELOPMENT 

Fermi  M.  (*),  Ferraro  C.  ($),  Nardi  A.  (*),  Pacione  R.  ($),  Vespe  F.  (&). 

(*)  Telespazio  S.p.a..  Roma,  Italy 

($)  Telespazio  S.p.a.,  CGS  Space  Geodesy  Center,  Matera.  Italy 

(&)  Italian  Space  Agency  (ASl),  CGS  Space  Geodesy  Center,  Matera,  Italy 

marco@sidus.mt.asi.it/Fax:  +39-6-40793843 

The  Italian  GPS  Fiducial  Network  has  been  established  since  1995  when  the  Italian 
Space  Agency  installed  5  GPS  receivers  in  sites  co-located  with  other  Space  Geodetic 
Techniques  (Cagliari,  Noto,  Medicina,  Matera)  or  with  tide  gauges  (Venezia).  The 
main  goal  of  such  effort  is  to  densify  the  global  GPS  network,  to  perform 
intercomparisons  between  terrestrial  reference  frames  established  with  different  Space 
Geodesy  tecniques,  to  monitor  the  sea  level  change,  to  support  smdies  of  crustal 
movements  and  local  geoid.  In  the  last  years  this  effort  has  been  integrated  with 
contribution  of  various  Italian  Institutions  and  today  a  very  dense  network  of  more 
than  twenty  permanent  receivers  is  suitable  in  order  to  study  a  ve|7  complex  area 
from  the  tectonic  point  of  view.  Furthermore  GPS  technique  is  widely  used  also  in 
other  fields  of  investigation  such  as  atmospheric  physics  and  Earth's  global  change. 
So  the  efforts  of  the  Space  Geodesy  Centre  are  addressed  to  fully  exploit 
opportunities  that  a  so  dense  and  well  distributed  network  is  able  to  pursue.  In 
particular  we  are  focusing  our  attention  on  the  new  products  and  services  that  a 
permanent  GPS  network  can  provide  to  a  very  large  community  of  scientific  users. 


CONTINUOUS  MONITORING  OF  EARTH'  ATMOSPHERE 
and  CRUSTAL  DEFORMATION  USING  GPS 

J.M.  Johansson  (1),  H.-G.  Schernerk  (1).  G.  Elgeted  (1),  T.R,  Emardson  (1), 
C.-F.  Darin  (1)  and  J.L.  Davis  (2) 

(1)  Chalmers  University  of  Technology,  Ousala  Space  Observatory,  Onsala, 
Sweden,  (2)  Marvard-Siiiith.ionian  Center  of  Astrophysics,  Cambridge,  Mass.. 
jnjfloso.ehalniera.ta/Fax:  [d-dfi]  .31-772-5590 

Several  nation  wide  and  continuously  operating  GPS  net'.vorVs  have  been  estab¬ 
lished  in  norlherii  Europe  since  1993-  Today,  more  than  .50  permanent  stations 
are  available  in  the  region.  Dat.i  from  the  majority  of  these  stations  are  an¬ 
alyzed  daily.  The  product  data  base  now  consists  of  more  than  1500  days  of 
continuous  observations  and  soliiilons  of  a  tow  of  parameters. 

Project  DIFIlOST  uses  permanent  GPS  networks  to  determine  3-D  cntstal 
tiiollon  in  Fciinoscandia.  We  show  vertical  and  horizontal  rates  of  relative  site 
motion  determined  with  uncertainties  now  approaching  0.3  mm/yr  and  O.OS 
nini/yr,  respectively  (95%  conf).  The  product  data  base  provides  a  unique 
resource  for  the  analysis  of  regional  deformation. 

We  also  study  the  possibility  to  use  continuously  operating  GPS  networks  to 
monitor  the  ionospheric  total  election  content  and  the  .atmospheric  water  vapor 
content.  Estimates  of  atmospheric  parameters  obtained  from  GPS  ate  compared 
to  those  from  other  techniques.  Especially,  long  time-series  of  GPS-derived  at¬ 
mospheric  water  vapor  at  Onsala  is  compared  to  observations  by  the  colocated 
microwave  radiometer. 
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IN\  ESTIGATION  OF  SPECIFIC  PERIODS  FOR  CRUSTAL  LOADING 
EFFECTS  ON  CPS  BASE  "MENDELEEVO  -  IRKUTSK" 

M. Kaufman.  A.Oxentiouk.  L.Sinenko.  L.Yunoshev.  V.Zalylsky 

A  software  for  calculation  of  crustal  loading  deformations  for  stations  within  Eurasia 
is  developed.  The  input  data  are  daily  data  of  the  atmospheric  pressure  in  trapezoid  top 
with  a  step  of  5  degrees  in  latitude  and  10  degrees  in  longitude  in  the  north 
hemisphere.  A  calculation  algorithm  is  constructed  with  regard  to  Parrel  model  using 
Green  function.  A  spectral  analysis  of  two  year  series  of  calculated  and  measured  data 
using  GPS  observations  of  crustal  loading  deformations  in  Mendeleevo  (Moscow 
region)  and  Irkutsk  sites  is  made.  Typical  deformation  periods  and  amplitudes 
depending  on  the  season  are  defined.  Correlation  evaluation  between  calculated 
and  measured  deformations  is  performed.  The  obtained  data  are  compared  with 
calculations  of  another  authors.  Organization  of  the  Center  for  operative 
calculation  of  deformations  at  the  Institute  of  Metrology  for  Time  and  Space  and 
their  publication  is  proposed. 


PACIFIC  NORTHWEST  GEDOETIC  ARRAY  (PANGA) 

Giorgi  Khazaradze  and  Anthony  Qamar  (University  of  Washington.  Seattle, 
WA,  USA  98 195;  gia@geophys.washington.edu) 

Array  (PANGA)  is  a  permanent  array  of  high  preci- 
(GPS)  receivers  established  in  1995.  as  a  result  of  a 
University  of  Washington.  Central  Washington  Uni¬ 
versity,  Oregon  State  University,  Rensselaer  Poly¬ 
technic  Institute,  University  of  Oregon,  the  United 
Slates  Geological  Survey,  and  the  Geological  Sur¬ 
vey  of  Canada.  Its  primary  goal  is  to  monitor  defor¬ 
mation  of  the  earth’s  crust  and  its  impact  on 
earthquake  and  volcanic  hazards  in  the  Pacihc 
Northwest  United  States.  Currently,  PANGA  con¬ 
sists  of  20  stations  spanning  the  Cascadia  Subduc- 
tion  Zone  (CSZ)  from  northern  California  to 
southern  British  Columbia  Figure  shows  the  com¬ 
parison  of  the  observed  and  modeled  crustal  veloc¬ 
ities  with  respect  to  North  America  plate.  The  data 
is  based  on  more  than  2  years  of  daily  solutions.  For  the  predictions  we  used  a  3D 
elastic  dislocation  model  after  FlUck  ct  al..  1997.  which  allows  for  a  non-planar  slab 
geometry,  as  well  as  varying  slip  rates  along  (he  fault  surface.  As  can  be  seen  from 
the  figure,  the  observed  and  modeled  deformations  arc  in  good  agreement.  For  more 
information  regarding  PNAGA  visit  http://ww\v.geophys.washington.edulGVSI 


USE  OF  THE  FINNISH  PERMANENT  GPS  NETWORK  IN 
POSTGLACIAL  REBOUND  STUDIES 

Hannu  Koivula,  Matti  Ollikainen  and  Markku  Poutanen  (Finnish  Geodetic 
Institute,  FIN-02430  Masala,  Finland) 

The  Finnish  Geodetic  Institute  has  establislied  a  network  of  12  permanent  GPS 
stations  in  Finland  (FiniiNet).  Tlic  network  is  used  as  a  reference  frame  and 
as  a  source  of  data  for  numerous  national  and  international  GPS  campaigns 
and  projects.  The  network  has  been  used  as  an  important  backbone  of  such 
GPS  campaigns  like  EUVN  (European  Vertical  GPS  Reference  Network),  BSL 
(Baltic  Sea  Level)  and  national  EUREF  densification,  EUREF-FIN.  We  de¬ 
scribe  the  operations  within  the  network,  especially  for  geophysical  purposes 
to  detect  the  postglacial  rebound  of  the  Fennoscandian  crust.  Connections  to 
other  similar  projects,  like  DOSE  (Dynamics  of  the  Solid  Earth)  and  BIFROST 
(Baseline  Inferences  for  Fennoscandian  Rebound  Observations,  Sea  Level  and 
Tectonics)  are  discussed.  We  will  also  present  the  performance  of  the  network, 
the  expected  accuracy  one  can  achieve  in  geophysical  studies,  and  results  of 
the  data  analysis  during  th(^  major  history  of  the  network. 


ON  BSL-93  COMBINED  GPS  SOLUTION 

Z.  Malkin  (1).  T.  Springer  (2)  and  M.  Poutanen  (3) 

(1)  Institute  of  Applied  Astronomy.  St. Petersburg  197110,  Russia.  (2)  Astro¬ 
nomical  Institute.  University  of  Berne,  CH-3012  Bern,  Switzerland.  (3)  Finnish 
Geodetic  Institute.  FIN-02430  Masala,  Finland. 

Six  analysis  centers  presented  a  solution  for  the  Baltic  Sea  Level  1993  GPS 
campaign  (BSL’93).  Analysis  of  the  discrepancies  between  these  individual  so¬ 
lutions  shows  that  the  internal  accuracy  of  the  existing  combined  solution  can 
be  considerably  improved.  Therefore  the  individual  solutions  were  compared  us¬ 
ing  a  seven-parameter  Helmert  transformation.  A  new  combined  solution  was 
derived  using  the  transformation  parameters  determined  from  the  comparison 
of  the  individual  solutions.  Finally,  the  combined  solution  was  transformed  to 
the  ITRF'94  system.  The  internal  accuracy  of  this  new  solution  is  as  much  as 
three  times  better  than  exiting  one.  The  transformation  of  the  combined  solu¬ 
tion  to  the  ITRF‘94  system  cannot  be  derived  very  accurately  due  to  the  poor 
distribution  of  the  fiducial  stations.  .Additional  fiducial  stations  are  needed  for 
the  Eastern  part  of  the  Baltic  region  to  achieve  the  best  orientation  of  network. 
A  additional  problem  is  that  all.  but  one,  individual  solutions  were  computed 
without  accounting  for  the  antenna  pha.se  center  variations.  To  avoid  systematic 
difference  between  the  BSL*93  and  BSL'97  results  it  is  necessary  to  process  the 
observations  made  during  these  campaigns  (and.  maybe,  also  the  BSL'yO  cam¬ 
paign)  using  the  same  (modern)  models,  particularly  models  for  the  antenna 
pha.se  center  variations.  Furliterinore.  if  would  be  desirable  to  u.se  individual 
daily  .solutions  to  derive  a  more  accurate  combined  solution. 


FIRST  OBSERVATIONS  FROM  CRETE  2JEGIONAL  TECTONIC 
EXPERIMENT  (CRETE). 

S.  Mertikas*.  E.  C.  Pavlis'.  A.  Karaliotis',  X.  Frantzis'  and  E.  Mbartzos' 

(1)  Tech.  Univ.  of  Crete,  Chania,  Greece;  mertikasi^mred.tuc.gr/Fax;+30-821- 
64802  (2)  JCET/UMBC.  Space  Geodesy  Branch,  NASA  Goddard  SFC, 
Maryland,  USA. 

The  island  of  Crete,  in  Greece,  located  in  the  forearc  of  the  Hellenic  subduction 
zone  with  intense  seismicity,  is  a  natural  laboratory  for  deformation  monitoring 
which  steers  the  establishment  of  a  regional  GPS  permanent  anay.  The  array 
comprises  a  base  station  at  Chania,  a  second  permanent  site  collocated  with  the 
tide-gauge  at  the  Naval  Base  of  Souda.  near  Chania,  and  the  incorporation  of  3- 
4  sites  previously  used  in  GPS  and  SLR  campaigns  on  Crete,  Despite  the 
remarkable  similarity  of  the  numerical-models-produced  uplift  rates  with  those 
observed  and  reported  by  Lambeck.  competing  underlying  lithosphere  and 
driving  mechanisms  mcKiels  require  validation  tlirough  observations.  In 
addition.  Crete  is.  in  general,  characterized  by  very  complex  local  motions 
beyond  the  dominant  thrusting  plate  rate.  Their  detailed  characterization 
requires  a  permanent,  dense,  continuously  operating  local  network  that  allows 
monitoring  of  the  motion  without  any  assumption  about  its  nature. 
Characterization  of  the  three  dimensional  deformation  field  has  also  gained 
importance  since  vertical  deformations  contaminate  lide-gauge-deiermincd  sca- 
level  variation  signals.  The  new  GPS  array  (CRETE)  will  contribute  in  the 
densification  of  the  IGS  network  in  this  region,  in  tide-gauge  monitoring, 
seismic  hazard  monitoring,  and  DGPS  navigation  and  sur\’cying  applications. 


THE  REDESIGN  OF  THE  BELGIAN  PERMANENT  GPS  NET- 
WORK  FOR  FUTURE  (NEAR)  REAL-TIME  APPLICATIONS 
A.  Muls  {!).  J-M.  Sleewaegen  (2).  C.  Bruyninx  (2)  and  R.  Warnant  (2) 

(1)  Royal  Military  .Academy.  Brussels,  Belgium.  (2)  Royal  Observatory  of  Brus¬ 
sels,  Brussels.  Belgium. 

Alain. MulsOasge.rma.ac.be/Fax:  [+32]  2  737  61  21 

Presently  consisting  of  7  permanent  GPS  stations,  the  Belgian  permanent  net¬ 
work  was  primarily  set  up  by  the  Royal  Observatory  as  a  reference  network  for 
national  geodetic  applications  and  as  a  basis  for  the  study  of  the  influence  of 
the  ionospheric  refraction  on  GPS  geodesy  and  the  repeatability  of  the  GPS- 
based  coordinates.  .As  for  most  national  permanent  GPS  networks,  a  part  of 
the  stations  belongs  to  the  IGS/EUREF  network. 

Taking  into  account  the  growing  interest  for  (near)  real-time  applications,  with 
a  higher  sampling  rate,  the  original  implementation  of  the  network,  consisting 
of  daily  telephone  line  transmission  of  30  sec.  data,  has  been  reviewed. 

The  aim  of  this  paper  is  to  present  the  current  research  work  towards  this 
goal  :  real-time  data  and  receiver  monitoring,  a  variable  download  Interval, 
a  selectable  transfer  interval,  a  receiver  independent  compressed  data  format 
and  concurrent  data  transmission  from  the  network  of  remote  stations  to  the 
central  processing  facility.  .All  actions  are  timed  by  GPS. 

An  analysis  of  available  transmission  channels  demonstrates  that  an  Internet 
access  via  an  Internet  Service  Provider  offers  most  opportunities  towards  a 
fie.xible  and  polyvalent  system.  The  developed  software  exploits  the  firm  inte¬ 
gration  of  the  Internet  protocol  with  the  multi-tasking  capabilitie.s  of  LlNl'X. 


The  Pacific  Northwest  Geodetic 
sion  Global  Positioning  System 
collaborative  effort  between  the 
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Three-dimensional  crustal  deformations  in  Europe  observed  with  space  geodesy 
R.  Noomen  (1).  J.  Loohuis  (2) 

( 1 )  Vening  Meinesz  School  for  Geodynamics,  Delft  University  of  Technology,  The 
Netherlands;  (2)  Vening  Meinesz  School  for  Geodynamics,  Utrecht  University,  The 
Netherlands,  ron.noomen@lr.tudelft.nl 

This  paper  address^  the  analysis  of  space  geodetic  observations  taken  by  various 
networks  of  stations  in  Europe  and  interpret  the  results,  in  particular  in  terms  of  crustal 
deformations.  Characteristics  of  the  dataset  analyzed  are  its  diversity  (it  is  a 
combination  of  2  techniques:  Satellite  Laser  Ranging  and  Global  Positioning  System), 
the  long  time-interval  which  is  covered  (1983-1997),  the  high  quality  of  the  results 
(typically  5-20  mm  for  an  epoch  position  solution)  and  its  wide  geometric  distribution 
(the  dataset  comprises  some  40  stations  which  cover  Europe  reasonably  well).  Because 
of  the  variety  in  contributions,  the  time-frame  covered  and  the  scientific  demands,  the 
proper  combination  of  the  data  and  the  reduction  to  a  suitable  reference  frame  are 
crucial  elements  of  the  investigations.  The  resulting  deformation  estimates  have  a 
typical  accuracy  in  the  order  of  1-2  mm/year.  As  for  their  geophysical  interpretation, 
the  paper  will  discuss  relative  (internal)  deformations,  the  3-dimensional  motions  of 
individual  stations  and  the  deformation  regime  and  strain  rates  within  Europe, 


Continuous  monitoring  of  crustal  deformation  along  the  Dead  Sea  Fault  utilizing 
a  permanent  GPS  network 

S.  Pe'eri  and  S.  Wdowinski,  Department  of  Geophysics  and  Planetary  Sciences,  Tel 
Aviv  University,  Ramat  Aviv,  69978,  Israel 

The  Dead  Sea  Fault  (DSF)  is  a  left  lateral  strike-slip  fault,  separating  the  Arabian  plate 
from  the  Sinai  sub-plate.  The  relative  plate  motion  across  the  fault  was  estimated  in  the 
range  of  0-10  mm/yr.  The  higher  values  reflect  the  average  long-term  (million  of 
years)  motion  across  the  fault,  whereas  the  lower  ones  reflect  the  low  to  moderate 
level  of  seismic  activity  along  the  fault.  By  using  an  array  of  permanent  GPS  sites  in 
Israel,  we  measure  the  current  rate  of  motion  across  the  DSF.  The  network  includes  4 
sites.  3  operated  by  the  Survey  of  Israel  and  the  4th  by  Tel  Aviv  University.  The  first 
year  of  observations  (July  1996  •  July  1997)  revealed  a  very  low  rate  of  motion  across 
the  fault  (0.6$\pmS0,6  mm/yr).  Even  when  we  considered  an  elastic  strain 
accumulation  adjacent  to  the  fault,  by  using  a  simple  locked  fault  model,  we  still 
obtained  a  very  low  rate  ($\ie$  2  mm/yr)  of  motion  across  the  DSF.  Our  results  suggest 
that  during  the  first  year  of  observations,  the  current  plate  motion  between  Arabia  and 
Israel-Sinai  was  significantly  lower  than  the  long-term  geological  average  rate. 
Although  this  conclusion  has  important  implications  for  seismic  hazard  assessments  in 
the  eastern  Mediterranean  region,  it  should  be  viewed  very  carefully,  because  our 
calculations  are  based  on  a  short  observation  time. 


UNIVERSITY  NAVSTAR  CONSORTIUM  (UNAVCO)  FACILITY 
SUPPORT  TO  PERMANENT  GLOBAL  POSITIONING  SYSTEM 
(GPS)  NETWORK  INSTALLATION  AND  OPERATION 

Barbara  Perm  and  Wayne  Shiver ,  UNAVCO 
UNAVCO  Boulder  Facility,  Boulder,  Colorado,  USA 
perin@unavco.ucar.edu 

The  UNAVCO  Facility  in  Boulder,  Colorado  supports  investigators 
funded  by  the  U.  S.  National  Science  Foundation  (NSF)  and  National 
Aeronautics  and  Space  Administration  (NASA)  in  installing  and 
supporting  permanent  Global  Positioning  System  (GPS)  stations  and 
networks  on  a  worldwide  basis.  UNAVCO  has  supported  the  installation 
of  over  70  stations  in  the  western  U.  S.,  Mexico,  South  America,  Central 
America,  eastern  Mediterranean,  central  Asia,  China,  Greenland,  India 
and  western  Pacific  regions.  Many  of  these  stations  are  contributing  to 
the  International  GPS  Service  for  Geodynamics.  In  supporting  these 
installations,  UNAVCO  has  developed  capabilities  that  are  publicly 
available  via  the  UNAVCO  Home  Page  (http://www,unavco.ucar.edu) 
and  can  be  easily  adapted  by  other  groups  for  their  specific  applications. 
UNAVCO  is  extremely  interested  in  collaborating  with  other 
international  organizations  to  gain  insight  into  their  technology 
development  related  to  permanent  GPS  stations  and  to  expand  and 
improve  the  capabilities  outlined  above  for  future  GPS  measurement 
applications. 


THE  SEVEN-YEAR  HISTORY  OF  THE  BALTIC  SEA  LEVEL 
GPS  CAMPAIGNS 

Markku  Poutanen  (Finnish  Geodetic  Institute,  FIN-02430  Masala,  Finland) 
The  Baltic  Sea  level  project  (BSL)  was  initiated  in  1989,  and  the  first  GPS 
campaign  was  arranged  in  1990.  After  that,  two  other  GPS  campaigns,  in  1993 
and  1997,  have  been  arranged,  the  latter  one  combined  with  the  EU\'N  (Eu¬ 
ropean  Vertical  GPS  Reference  Network),  One  of  the  goals  of  the  BSL  is  to 
unify  vertical  datums  of  the  countries  around  Baltic  Sea.  This  can  be  achieved 
already  in  the  centimeter  level.  From  the  repeated  observations  one  can  study 
also  the  sea-level  variation  and  land  uplift  of  the  area.  We  present  the  results 
of  the  1997  GPS  campaign,  and  combine  them  with  the  results  of  the  previous 
ones.  We  also  discuss  on  the  problem  of  the  reference  frames  and  use  of  per¬ 
manent  GPS  networks  of  the  area  to  tie  observations  made  at  different  epochs 
to  the  same  system. 


OWAG-B:  A  PILOT  PROJECT  FOR  OPERATIONAL  WATER  VAPOR 
ESTIMATION  IN  A  DENSE  GERMAN  GROUND-BASED  GPS  NETWORK 

Ch.  Reigber  ( 1 ),  G.  Gendt  ( 1 )  and  W.  Lechner  (2)  ( 1 ) 

GeoForschungsZentrum  Potsdam.  (2)  Telemattca.  Munich 
reigber@gfz-poisdam.de/Fax:-r49-331-28811  1  1 

During  the  last  decade  numerous  ground-  and  space-based  remote  sensing  techniques 
were  developed  for  measuring  different  meteorological  parameters.  The  estimation  of 
water  vapor  is  the  most  complicate  one.  and  the  knowledge  of  its  distribution  is  yet 
insufficient.  However,  water  vapor  is  the  dominant  parameter  in  the  hydrological 
cycle.  Therefore,  continuous  and  well-distributed  measurements  of  water  vapor  are  of 
crucial  importance  for  numerical  weather  predictions  and  climatological  studies.  The 
GPS  technology  offers  an  effective  instrumentation  for  its  determination.  In  the 
European  Union  COST  Action  716  a  feasibility  study  for  the  use  of  GPS-derived 
integrated  water  vapor  in  data  assimilation  software  for  weather  prediction  will  be 
performed.  Within  this  framework  a  cooperation  bebveen  GFZ  and  the  Gemian 
Meteorological  Service  (DWD)  is  planned.  In  a  first  step  a  pilot  project  will  be  set  up 
where  in  a  permanent  German  GPS  network  the  operational  determination  of  water 
vapor  should  be  demonstrated.  The  project  comprises  all  necessary  components  -  data 
links  and  handling,  path  delay  estimation,  met  data  interpolation  to  GPS  location, 
inversion  to  water  vapor.  This  contribution  will  give  an  insight  into  all  components  of 
the  planned  system  and  will  demonstrated  the  capabilities  of  methodology  used  by 
GFZ  on  the  basis  of  real  data  as  well  as  the  strategy  to  come  from  scientific 
experiments  to  an  operational  day-to-day  service. 


BIFROST  PROJECT-  HORIZONTAL  AND  VERTICAL  CRUSTAL 
MOTION  IN  FENNOSCANDtA  FROM  1500  DAYS  OF  CONTIN¬ 
UOUS  GPS  OBSERVATIONS 

H-G.  Schorneck  (1),  J.M,  Johansson  (1),  J.L.  Davis  (2)  and  J.X.Mlfrovica  (3) 
(1)  Chalmers  University  of  Technology,  Onsala  Space  Observatory,  Onsala, 
Sweden,  (2)  Harvard-Smithsonian  Center  of  Astrophysics,  Cambridge,  Mass., 
(3)  Departement  of  Physics,  University  of  Toronto,  Canada, 
hgseoao.chalnera , ss/Fax;  [4-46]  31-772-5590 

BIFROST  GPS  observations  [Johansson  ct  ah,  this  session]  are  used  to  derive 
3-D  crustal  motion  in  Fcnnoscandia  relative  to  a  rigid  frame  designated  to  travel 
ot>  average  with  the  Eurasian  plate.  In  the  hurisonlal  components  the  deviatoric 
motion  with  respect  to  a  rebound  model  (120  km  lithosphere  thickness,  lx, 
2x10*'  Pas  upper  resp.  lower  mantle  viscosity)  arc  at  a  level  below  1  mm/yr 
'Xx*  —20)).  The  apparently  predominant  pattern  of  motion  shows  extension 
without  azimuthal  dependence.  This  suggests  postglacial  rebound  to  be  at  least 
one  order  of  magnitude  more  important  than  other  ptocesrses  for  explaining 
ongoing  movement.  More  localized  movement,  e.g.  near  .shear  zones  apparent 
in  the  geology,  is  probably  confined  to  a  scale  below  200  km  and/or  rates  of 
0.1  nim/yr  or  less. 

The  observed  vertical  motion  compares  well  with  poslglacial  rebound  mod 
els.  Using  tide  gauge  results  inferred  gcoid  rates  are  still  problematically  high 
However,  as  the  data  base  grow  wo  arc  sble  to  demonstrate  a  trend  towards 
lower  rates  as  perturb, ations  due  to  site  related  problems  become  smaller  and 
consistency  of  reference  frame  improves. 
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PHASE  SURGE  ANOMALIES:  DESCRIPTION,  ORIGIN  AND 

SOLUTION 

J-M.  Sleewaegen 

Royal  Observatory  of  Belgium. 

jeaimariOoma.be/Fax;  [+32]  2  374  98  22 

Careful  observation  of  data  from  GPS  reference  stations  in  the  EUREF  net¬ 
work  shows  unexpected  surge-like  anomalies  in  the  “geometric  free”  combination 
of  phase  measurements.  This  so-called  phase  surge  hits  all  stations  equipped 
with  a  receiver  tracking  under  the  Cross-Correlation  mode  (like  TurboRogue 
or  Trimble  SSE)  and  affects  all  satellites  under  Anti-Spoofing,  whatever  their 
elevation.  Taking  into  account  only  satellites  above  20  degrees,  an  average  of  15 
such  surges  can  be  observed  every  day  in  1  second  data  files.  Their  amplitudes 
range  from  a  few  centimeters  to  tens  of  meters.  The  phenomenon  has  been  found 
to  be  caused  by  interferences  between  satellites  signals.  Although  not  dramatic 
in  post-processing  where  the  perturbed  data  are  automatically  discarded  by  the 
processing  software,  it  has  major  adverse  impact  on  the  real-time  data  analysts; 
it  is  the  major  source  of  cycle  slips  on  L2,  it  is  likely  to  be  misinterpreted  as 
an  ionospheric  phenomenon  and  it  fools  the  traditional  monitoring  algorithms. 
The  aim  of  this  paper  is  to  give  a  characterization  of  the  phase  surge  phe¬ 
nomenon,  to  explain  its  origin  in  the  receiver  architecture,  and  to  discuss  its 
consequences  on  data  monitoring  and  on  ionosphere  analysis.  A  detection  and 
an  adapted  monitoring  algorithm  are  presented. 


^^XED  GEODETIC  NETWORKS  FOR  EARTH  SCIENCES 

D.E.  Smith,  R.  Kolenkiewicz  (I),  P.J.  Dunn  and  MlH.  Torrence  (2) 

(1)  NASA  Goddard  Space  Flight  Center,  Greenbelt,  Maryland,  USA 

(2)  Hughes  STX  Corp.,  Greenbelt,  Maryland,  USA,  dsmith@tharsis.gsfc.nasa.gov 

Observations  from  local  geodetic  networks  can  benefit  from  the  establishment  of  a 
regional  reference  system  for  a  broader  interpretation  of  measures  of  tectonic 
deformation,  post-glacial  rebound  and  sea  level  monitoring.  The  world-wide  system  of 
IGS  stations  can  be  used  to  provide  the  reference  frame  for  GPS  networks, 
supplemented  by  measurements  from  nearby  instruments  which  employ  alternative 
space  techniques.  In  order  to  place  the  geodetic  observations  in  a  global,  inertial 
reference  system,  the  capabilities  of  SLR,  VLBI,  DORIS  and  PRARE  instruments  can 
be  used  and  this  will  further  extend  the  interpretation  of  the  measurements.  However, 
rigorous  definition  of  the  reference  frame  for  parameters  such  as  the  velocity  field 
requires  observations  taken  during  the  same  time  period  unless  we  assume  that  the 
station  motion  is  uniform.  We  present  here  measurements  of  the  horizontal  and 
vertical  behavior  of  the  permanent  European  network  of  SLR  observatories,  some  of 
which  have  been  providing  accurate  position  measurements  for  15  years.  Evidence  for 
unsteady  motion  at  the  observatories  is  examined  and  we  explore  the  challenge  of 
combining  these  results  with  position  measurements  derived  from  observations  from 
the  other  space  techniques,  many  of  which  have  been  in  operation  over  a  more  limited 
time  span. 


ACTIVE  GPS  REFERENCE  SYSTEM  FOR  THE  NETHER¬ 
LANDS 

H.  van  der  Marel  and  C.D.  de  Jong 

Delft  University  of  Technology,  Faculty  of  Civil  Engineering  and  Geosciences, 
Geodetic  Engineering,  Thijsseweg  11,  2629  JA  Delft,  Netherlands. 

H. vanderMarelCgeo.tudelft.nl/Fax:  [+31]  15  278  3711 
In  1995  Rijkswaterstaat,  the  Cadastre  and  the  Delft  University  of  Technology 
started  to  build  a  network  of  five  permanently  operating  GPS  receivers  in 
the  Netherlands.  Locations  were  selected  to  have  a  good  connection  to  other 
techniques,  such  as  SLR,  VLBI  and  levelling.  Also,  one  of  the  stations  is  co¬ 
located  with  a  tide  gauge  at  the  North  Sea  coast,  which  is  of  interest  for  the 
monitoring  of  sea  level  changes.  The  full  network  is  in  operation  since  the 
beginning  of  1997.  The  network  is  currently  being  used  in  combination  with 
the  Fifth  Primary  Levelling  of  the  Netherlands,  during  which  a  large  number  of 
fundamental  height  benchmarks  are  surveyed  using  GPS  and  primary  levelling 
techniques.  The  permanent  network  is  also  used  for  surveying,  atmospheric 
water  vapour  retrieval  and  geodetic  research. 

The  data  from  the  permanent  stations  is  sent  every  hour  to  a  central  computing 
centre,  from  where  the  data  can  be  downloaded  using  the  World  Wide  Web. 
Users  may  specify  various  time  intervals  and  data  rates.  The  latest  develop¬ 
ment  is  that  data  is  computed  on-line  (from  a  network  adjustment)  for  specific 
locations  and  users,  resulting  in  a  so-called  virtual  GPS  reference  station. 

This  presentation  will  focus  on  the  design  of  the  network,  the  method  of  data 
distribution  and  its  applications. 


IMPLEMENTATION  OF  GIPSY  FOR  THE  ANALYSIS  OF 
LARGE  CONTINUOUS  GPS  NETWORKS 

F.  H.  Webb,  M.  B.  Heflin,  K.  Hurst,  M.  M.  Watkins  and  J.  F.  Zumberge 
Jet  Propulsion  Laboratory,  MS  238-600,  4800  Oak  Grove  Dr.,  Pasadena,  CA 
91109,  USA. 

f  hwOcobra .  jpl .  nasa.gov/Fax:  1-818-393-4965 

The  computational  burden  from  the  daily  analysis  of  GPS  data  from  large 
ground  networks  of  receivers  can  be  significant  with  the  processing  time  being 
proportional  to  the  cube  of  the  number  of  parameters  estimated.  For  data  from 
the  Southern  California  Intergrated  GPS  Network  (SCIGN)  and  the  890  station 
network  of  the  Geographical  Survey  Institute  of  Japan  (GSI),  the  GIPSY  soft¬ 
ware  is  used  to  reduce  this  burden  through  precise  point  positioning.  With  this 
technique,  each  station  is  individually  positioned  using  precisely  determined  or¬ 
bits  and  satellite  clocks.  This  technique  simplifies  many  of  the  computational 
issues  and  allows  for  efficient  distribution  of  the  processing  among  different 
CPUs,  resulting  in  processing  lime  that  is  roughly  linearly  proportional  to 
the  number  of  stations  processed  and  inversely  proportional  to  the  number  of 
CPUs  available,  .\verage  daily  station  coordinate  repeatabilites  using  precise 
point  positioning  are  a  few  mm  in  the  horizontal  and  less  than  a  centimeter  in 
the  vertical  coordinates. 


SATVB  -  A  MULTIPURPOSE  GPS-REFERENCESTATION 
NETWORK  IN  AUSTRIA 

R.Weber.  H.Titz 

Institut  f.  Theoretische  Geodaesie  u.  Geophysik,  TU-Wien 
nveber@teiTa.tuwien.ac.at,  htitz@terra.tuwien.ac.at 

In  1997  the  BEWAG,  a  local  power  supply  company  in  Austria,  established 
in  cooperation  with  the  Department  of  Theoretical  Geodesy  in  Vienna  a 
network  of  4  permanent  GPS  reference  stations.  The  goal  was  to  spread 
RTCM  corrections  at  75  MHz  over  the  service  area  of  the  company  for  GPS 
real  time  applications.  The  reference  stations  are  interconnected  by  means  of  a 
wide  area  token  ring  network  which  allows  for  the  computation  of 
atmospheric  models  and  correction  parameters  for  distance  dependent  errors 
in  realtime.  Observation  data  recorded  at  the  permanent  stations  has  been 
processed  at  a  daily  basis  since  December  1997.  The  resulting  time  series 
allow  for  investigations  concerning  the  ionospheric  and  tropospheric 
behaviour  as  well  as  for  studies  of  multipath  effects. 


THE  NEW  GEODYNAMIC  SITE  IN  LATVIA  LV-04  (IRBENE) 
CONVERTED  RUSSIAN  EX-MILITARY  OBJECT 

Youris  Zhaears  (1).(2).  Janis  Kaminskis  (1).(3) 

(1)  Astronomical  Institute  University  of  Latvia.  19, bv.  Rainis,  LV-1586  Riga,  Latvia 

(2)  Venispils  Intemaiional  Radio  Astronomy  Center,  LV-3612  Irbene.  Latvia 

(3)  Stale  Land  Survey.  lI.Novembrakrastmala  31.  LV-1050  Riga,  Latvia 
e-mail;  >zh@aca(llatnet.lv 

Abstract:  The  second  geothiiamic  site  (after  Riga  -  Botanical  garden  with  SLR 
and  permanent  GPS)  has  been  established  in  Lania  by  Ventspils  International 
Radio  Astronomy  Center  (VIRAC)  and  Astronomical  Institute  University  of  Latvia 
(LU  Al).  The  site  name  is  LV-O-f  Irbene  with  coordinates  (^57°33’.29. 
/,=21®5r.l3.  The  first  GPS  measurements  have  been  performed  during  EUVN’97 
and  BSL  (Baltic  Sea  Level)  campains  the  last  May.  using  Trimble  4000  SSE 
receiver  of  the  State  Land  Surv  ev'  of  Latvia.  From  early  1998  the  permanent  GPS 
receiver  from  Onsala  Space  Observatory  (Sweden)  hopefully  starts  operations  in 
Irbene  and  during  1998  the  basement  for  absolute  gravimetry'  will  be  finished. 
Geodvnamic  site  LV~04  Irbene  has  been  established  bv*  reconstruction  of  several 
buildings  of  russian  ex-military  base  near  Ventspils.  Specialy  designed  GPS  antena 
holder  was  constructed  on  ancient  small  radio  telescope  basement  to  obtain 
practicaly  open  horizont.  Site  LV-04  Irbene  is  situated  about  200  m  from  VIRAC's 
32-metcr  fully  steerable  radioielescopc  antena  RT-32  and  500  m  from  16-meter 
radiotelescope  antena  RT-16,  aimed  to  participate  the  VLBI  activities  in  the  nearest 
future. 
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Co-Convener:  Degnan,  J.J. 


MONITORING  SLR  RANGE  BIAISES  FROM  MULTI-SATEL¬ 
LITE  LONG  TIME  SERIES  OF  LASER  RESIDUALS 
P.  Bonnefond,  P.  Exertier,  Y.  Boudon,  0.  Laurain  and  F.  Earlier 
Observatoire  de  la  Cote  d’Azur,  UMR6527-CERGA,  avenue  Copernic,  Grasse, 
France  F-06130. 

bonnefondOobs-azur.fr/Fax:  [33]  4  93  40  53  33 

Satellite  Laser  Ranging  (SLR)  is  a  major  technique  in  space  geodesy  particu¬ 
larly  for  the  satellite  orbits  eind  the  site  positions  to  be  eiccurately  determined. 
In  view  of  important  scientific  challenges  to  be  realized  in  geodynamics  and 
oceanography,  it  is  very  important  to  be  able  to  properly  separate  geophysi¬ 
cal  (e.g.,  the  effects  of  mass  redistributions)  and  instrumental  (e.g.,  calibration' 
biaises)  error  sources  at  the  level  of  one  cm  locally  and  1-2  mm  /  year. 

The  recent  improvements  of  the  precise  orbit  determination  models  and  meth¬ 
ods  have  permitted  analysis  of  homogeneous  long  time  series  of  laser  orbit 
residuals.  We  have  performed  a  cross  analysis  of  5  years  (92  to  97)  of  laser 
residuals  on  LAGEOS  (1  and  2)  and  TOPEX/Poseidon  satellite  orbits,  for 
which  orbit  errors  are  now  at  the  level  of  3-4  cm.  Strong  correlations  between 
signals  have  been  identified  for  most  of  SLR  stations,  permitting  the  evolution 
of  calibration  biaises  of  their  instrumentation  to  be  quantified.  We  show  this 
analysis  is  going  to  play  an  important  role  in  the  determination  of  orbits  and 
especially  of  the  terrestrial  reference  frame. 


ACCURACY  VERIFICATION  OF  PRARE  MEASUREMENT 
DATA  AND  CALIBRATION  TECHNIQUES 

S.  Bedrich,  F.  Flechtner  and  A.  Teubel 

GeoForschungsZentrum  Potsdam,  Div.  I/PRARE,  c/o  DLR,  P.O.Box  1116, 
D-82230  Oberpfaffenhofen,  Germany. 

The  two-way  microw'ave  satellite  tracking  system  PRARE  is  in  continuous 
operation  onboard  ERS-2  since  May  1995.  Performing  simultaneously  range 
and  range-rate  measurements  at  the  sub-dm  and  sub-mm/s  accuracy  level  to 
up  to  four  ground  stations  at  the  same  time,  the  system  has  proven  to  be  a 
valuable  and  highly  accurate  data  source  for  various  geophysical  applications. 
The  basis  for  the  high  accuracy  is  the  dedicated  measurement  principle:  a  set 
of  fully  coherent,  dynamically  highly  stable  delay-  (DLL)  and  phase-locked 
loops  (PLL)  inside  the  space  segment,  driven  by  one  central  quartz  oscillator 
(VCXO).  As  both  the  short-  and  the  longterm  stabilities  of  this  oscillator  are 
excellent,  the  system  is  ideally  suited  for  deriving  uniform,  consistent  longtime 
data  series.  Also  the  signal  and  data  modulation  structure,  which  is  formed 
by  truncated,  medium-periodic  pn-codes  (1  and  10  MHz),  twofold  modulated 
by  coherent,  regenerative  carriers  (8.489  and  2.248  GHz)  and  high-rate  binary 
information  with  time  marks  (2,  4  or  10  kbps),  is  fully  appropriate. 

It  will  be  outlined  that  the  technical  instrument  design  is  most  favourable  to 
assure  a  stable  system  performance  under  all  operational  circumstances,  e.g. 
multipathing.  The  various  calibration  efforts  carried  out  at  the  central  PRARE 
data  processing  facility,  the  Master  Station  Oberpfaffenhofen,  maintain  the 
technical  meaisurement  precision  and  stabilize  the  system  significantly. 


ADVANCED  NASA  RESEARCH  AND  DEVELOPMENT  IN  SATELLITE 
LASER  RANGING 

J.  Degnan,  J.  McGarry,  and  T.  Zagwodzki 

Code  920.3,  NASA  Goddard  Space  Flight  Center,  Greenbelt,  MD  20771  USA 
jjd@ltpmaiI.gsfc.nasa.gov/Fax:  1-301-286-0213 

Since  its  first  successful  demonstration  by  NASA  in  1964,  the  precision  of  Satellite 
Laser  Ranging  (SLR)  to  artificial  satellites  has  improved  by  three  orders  of  magnitude, 
i.e.  from  a  few  meters  to  a  few  millimeters.  This  long-standing  and  highly  mature 
space  geodetic  technique  has  contributed  significantly  to  scientific  studies  in  virtually 
all  areas  of  geophysics  and  to  lunar  physics  and  relativity  as  well.  As  we  enter  the  new 
millennium,  there  are  three  SLR-related  technological  thrusts  being  pursued  by 
NASA:  ( 1)  the  improvement  of  range  absolute  accuracy  by  another  order  of  magnitude 
through  the  use  of  multiwavelength  techniques,  picosecond  timing,  and  improved 
satellite  targets;  (2)  the  development  of  the  fully  automated,  eyesafe  SLR2000  ground 
station  for  safer  and  more  cost-effective  operations;  and  most  recently  (3)  extension  of 
SLR  beyond  the  Moon  to  the  inner  planets  through  the  use  of  two-way  asynchronous 
laser  transponders.  The  current  status  in  each  of  these  research  areas  is  reviewed 
including  a  summary  of  technological  challenges  encountered  to  date  and  our  chosen 
or  proposed  solutions. 


INDEPENDENT  VALIDATION  OF  THE  GLOBE  GLOBAL  DIGITAL 
ELEVATION  MODEL  USING  SATELLITE  ALTIMETRY 

Berry  P.A.M.  &  Bron,  E. 

Geomatics  Unit,  Faculty  of  Computing  &  Engineering,  De  Montfort  University. 
Leicester  LEI  9BH,  UK.  email:  pamb@dmu.ac  uk  fax:+44  116  254  1891 

The  requirement  for  a  global  1  kilometre  Digital  Elevation  Model  (DEM)  is 
currently  being  addressed  by  the  compilation  of  several  near-global  elevation 
datasets.  One  critical  constraint  in  evaluating  the  accurac>'  of  such  models  is  the 
limited  availability  and  quality  of  independent  comparison  data.  At  this  spatial 
scale,  allimetrv'  presents  an  attractive  option,  with  the  combination  of  near-polar 
orbit  and  close  track  spacing  during  the  ERS-I  geodetic  mission  providing  data  at  a 
spatial  scale  of  several  km.  However,  to  interpret  these  data  effectively  over  land 
requires  ‘reiracking’  the  complex  echoes  produced  over  topographically  varying 
surfaces. 

This  paper  presents  a  detailed  examination  of  the  GLOBE  GDEM,  using  a 
retracked  altimeter  dataset  from  the  ERS-1  geodetic  mission,  including  every  I 
degree  tile  of  GLOBE  land  data  for  which  altimeter  derived  heights  are  available. 
Regional  and  local  discrepancies  are  analysed,  quantified,  and  recommendations 
made  to  improve  the  GLOBE  dataset. 


TESTING  OF  VLB!  SITE  DATA  ACQUISITION  AND  REGIS¬ 
TRATION  EQUIPMENT  WITH  A  CORRELATOR  USE. 
V.G.Gratchev,  A.V .Ipatov  and  N.E.Koltsov 

Institute  of  Applied  Astronomy  of  the  Russian  Academy  of  Sciences, 
St.Petersburg,  197042,  Russia. 
necOipa.rssi.ru/Fax:  [812]230-74-13 

Main  purpose  for  testing  of  the  data  acquisition  and  recording  systems  at  the 
radiotelescope  is  to  clean  whether  the  equipment  has  a  rather  good  quality 
to  be  used  for  VLBI  observing  or  not.  Signal  coherence  losses  in  the  inter¬ 
ferometer  channels  and  additional  noise  from  local  oscillators  of  microwave 
receivers,  down  converters,  videofilters,  clippers  and  formatters/deformatters 
may  be  found  both  for  each  device  separately  or  for  the  all  complex  together. 
Radiotelescopes  of  QUASAR  complex  and  particularly  in  Svetloye  site  con¬ 
tains  calibrated  noise  generators  working  into  microwave  frequency  bands  (from 
l,3dHHz  to  22,5HHz),  intermediate  frequency  range  of  100  to  lOOOMHz  and 
with  videofrequencies  up  to  32MHz,  ps  impulses  generators  and  a  compact 
mobil  correlator  for  cross-correlation  function  of  signals  and  phase  fluctuation 
computing.  Methods  and  results  of  experiments  are  described  as  well. 
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PICOSECOND  EVENT  TIMER  FOR  MILLIMETER  LASER  R.ANGING 
K.  Hamal,  I.  Prochazka 

Czech  Technical  University,  Brehova  7,  1 15  19  Prague,  Czech  Republic 
Fax  -420  2  2191 2252,  prochazk@beba.cesnet.cz 

To  contribute  to  future  Laser  Ranging  (Ground-Ground,  Ground-  Satellite, 
Ground-Moon,  Satellite-Ground)  we  developed  the  Picosecond  Event  Timer  (PET). 
PET  consists  of  the  event  timing  modules,  clock  generation  module,  control  unit, 
range  gate  generator,  personal  computer  and  the  software  package.  The  main 
parameters  :  1.2  psec  timing  resolution,  <  8  psec  time  interval  jitter,  <  0.5  psec  / 
Kelvin  temperature  stability,  <  3  psec  /  hour  temporal  stability,  40  nsec  range  gate 
setting  step,  >4  sec  maximum  interval,  >  100  Hz  repetition  rate,  >  1000  flying  pulses. 
Using  the  cable  delay  line  we  have  obtained  6  psec  ultimate  time  interval  jitter. 
Ranging  to  ground  target  (SLR  Graz,  G.  Kirchner,  F.  KoidI),  using  the  30  psec  YAG 
laser  and  the  SPAD  detector,  we  obtained  2.3  mm  ranging  jitter  at  several 
photoelectron  signal  level.  Ranging  to  Lageos  and  ERS-2  test  targets,  we  obtained  the 
single  shot  jitter  7  and  4  mm,  respectively.  PET  is  connected  to  Start  and  Stop  signals, 
to  GPS  receiver  signals  and  via  serial  port  to  the  personal  computer.  It  is  compact, 
occupying  19  inch  by  10  inch  rack  unit,  28  kg  weight,  160  Watts  power  consumption. 
The  whole  system  is  dedicated  as  a  timing  system  for  advanced  laser  stations  and  as 
a  second  generation  Portable  Calibration  Standard,  as  well.  The  Dassault  Electronique 
timing  and  clock  modules  are  space  qualified.  However,  upgrading  up  to  less  than  3 
psec  lime  interval  jitter,  5  kHz  repetition  rate  and  multislop  operation  can  be 
considered. 


The  EUROLAS  stations  as  an  elective  satellite  tracking  cluster. 

Waller  Hausleitner,  Graham  Appleby,  Andrew  Sinclair. 

Royal  Greenwich  Observatory,  Madingley  Road.  Cambridge  CB4  4  QR,  UK 

The  EUROLAS  Cluster  of  Satellite  Laser  Ranging  stations  collects  annually  some 
40%  of  the  observations  made  by  the  world-wide  SLR  Network.  The  ongoing 
challenge  of  the  SLR  technique  is  to  meet  ever  more  stringent  quality  targets  so  that 
observations  which  have  the  potential  to  address  a  whole  range  of  geodetic  and 
geophysical  problems  may  continue  to  remain  at  the  forefront  of  space  geodetic 
techniques.  We  have  exploited  the  clustering  of  the  stations  to  carry  out  a  study  into 
the  precision  and  accuracy  of  routine  observations  of  the  Lageos  satellites.  We  find 
that  there  is  a  core  set  of  very  accurate  stations  whose  observations  agree  at  the  mm 
level,  and  we  use  these  observations  in  a  short-arc  orbital  improvement  scheme  to 
judge  the  accuracy  of  other  stations  in  the  cluster  that  are  tracking  the  same  satellite  at 
the  same  time.  We  have  fully  automated  this  quality-check  procedure,  and  present 
daily  on  the  WWW  the  results  in  the  form  of  graphs  of  range  residuals,  and  numerical 
estimates  of  stations'  time  and  range  bias  values.  We  have  used  such  information  on 
the  expected  quality  of  observations  of  the  Lageos  satellites  from  the  stations  to  carry¬ 
out  a  three-year  solution  for  station  range  and  time  bias  history,  and  have  derived  a 
new  set  of  EUROLAS  station  coordinates  within  the  ITRF94  reference  frame.  To 
check  the  validity  of  this  set  of  coordinates  and  bias  histories,  we  have  used  them  to 
analyse  by  the  short-arc  technique  some  sets  of  range  observations  of  ERS-2.  and  find 
that  orbital  arcs  can  be  determined  to  a  precision  of  a  few  cm.  We  conclude  that 
observations  from  the  EUROLAS  Cluster  of  SLR  stations  and  the  continuing  quality 
check  procedure  together  will  make  an  effective  tool  for  calibration  of  for  example  the 
ENVISAT  altimeter. 


MULTICHANNEL  SOFTWARE  CONTROLLED  RADIOMETER 
FOR  RADIOTELESCOPE  IN  S.  SVETLOYE. 

A.VMpatov,  N.E. Koltsov  and  V.I.Tsarev 

Institute  of  Applied  Astronomy  of  the  Russian  Academy  of  Sciences. 
St. Petersburg.  197042,  Russia. 
necOipa.rssi.ru/Fax:  [812]230-74-13 

Digital  radiometer  based  on  microprocessor  5012.A  Octagon  was  made  as  equip¬ 
ment  for  radiotelescopes  of  the  VLBI  QU.AZ.AR  complex.  It  works  with  radioas¬ 
tronomy  receivers  from  21cm  to  l,3ocm  wavelength  and  is  able  to  measure  the 
signals  power  in  up  to  16  channels  simultaneously  at  the  bandwidth  of  interme¬ 
diate  frequencies  (100...1000MHz)  and  videofrequencies  (up  to  32MHz).  Pro¬ 
cessor  stores  and  averages  the  measurement  data  with  the  error  of  (l...2)x  10~®. 
and  then  transmittes  them  to  the  central  computer,  which  controlles  radiotele¬ 
scope  equipment  according  to  the  program.  Measurements  may  be  held  both  by 
simple  detecting  without  modulation  of  signals  in  the  receiver,  and  with  mod¬ 
ulation,  including  an  as.symetrical  one.  New  algorytlim  of  storing  of  the  signal 
samples  and  the  samples  of  the  calibrated  noise  with  different  scales  increases 
tlie  sensitivity  and  preciseness  of  radiometer  by  409J.  In  two-channeled  mod¬ 
ulated  radiometer  this  algorythm  allows  to  approach  to  the  theoretical  limit 
of  the  sensitivity  of  the  ideal  compensator  without  losses.  Compact  radiometer 
may  work  in  difficult  climate  conditions  and  can  be  set  up  at  the  antenna.  The 
first  radiometer  of  that  sort  is  used  in  s.Svetloye.  The  scheme,  parameters  and 
results  of  the  tests  of  the  radiometer  are  given  as  well. 


TIME  WALK  COMPENSATION  AND  SATELLITE  SIGNATURE 
REDUCTION  WITH  SPADs 

G.  KIRCHNER.  F.  KOIDL:  Austrian  Academy  of  Sciences 
Institute  for  Space  Research,  Observatory  Lustbuhel,  A-8042  GRAZ 
ktrchner@fiubiwOl.tu-gra2.ac. at;  Fax:  +43-316-4673-41 

The  SPAD  (Single  Photon  Avalanche  Detector)  has  proven  already  its  capability  of 
timing  single-photon  events  with  picosecond  accuracy;  it  does  that  also  for 
multi-photon  events,  but  introduces  there  a  significant  time  walk  effect;  with  received 
energies  of  1000  photons  and  more,  the  measured  epoch  lime  is  shifted  240  ps  or  more 
towards  shorter  times.  This  effect  would  introduce  range  errors  of  more  than  35  mm, 
when  measuring  distances  to  satellites.  It  has  been  shown  that  this  time  walk  effect  is 
connected  with  a  very  mall  change  (about  20  ps)  of  the  avalanche  rise  time;  this  effect 
has  been  successfully  used  to  develop  an  electronic  circuit  which  measures  this  rise 
time  difference,  and  uses  it  to  compensate  automatically  this  time  walk  effect.  Some 
vemons  have  been  built  and  tested  successfully  in  different  Satellite  Laser  Ranging 
Stations  (Graz,  Changchun.  Tokyo.  Grasse  etc.).  It  has  been  shown  that  the  time  walk 
effect  can  be  more  or  less  reduced  to  zero,  for  the  required  full  dynamical  range  (from 
I  to  1000  photons).  By  measuring  additionally  the  actual  time  walk  for  each  return,  the 
received  energy  can  be  determined;  combining  this  with  the  theoretical  mean 
reflection  point  on  the  satellite  for  this  energy,  the  satellite  signature  can  be  identified 
and  subtracted. 


Real-time  VLBI  system  for  the  Key-Stone  Project 

Hiloshi  HUCHI.  Tetsuro  KONDO,  Mamoru  SEKIDO,  Yasuhiro  KOYAMA,  Michito  IMAE 
Communications  Res.  Lab.  :  4-2-1  Nukui-kita,  Koganei,  Tokyo  184,  Japan 

Takashi  HOSHINO,  Hisao  UOSE.  and  Takashi  YAMAMOTO 
NTTTelecommunication  Network  Lab.  :3-9-n  Midori,  Musashino,  Tokyo  180,  Japan 

We  have  developed  a  leal-time  VLBI  system,  using  a  high-speed  ATM 
(Asynchronous  Transfer  Mode)  netwoik.  In  real-time  VLBI,  the  observed  256 
Mbps/station  VLBI  data  is  transmitted  through  2.4  Gbps  ATM  communication  network 
instead  of  being  recorded  onto  magnetic  tapes.  The  system  was  specially  designed  for 
the  Key  Stone  Project  (KSP),  which  is  concerned  with  measuring  crustal  deformation 
using  four  stations  in  the  Tokyo  metropolitan  area  in  J^an.  Cross-correlation 
processing  and  data  observation  are  carried  out  simultaneously,  and  it  takes  about  two 
hours  to  analyze  crustal  deformation  data  aftcrtbe  VLBI  observation  is  completed.  The 
regular  geodetic  VLBI  experiments,  every  other  day's  24-hour  experiments,  horizontal 
position  uncertainties  of  about  1  mm  and  vertical  position  uncertainties  of  about  10  mm, 
ID  a  sense  of  internal  estimation  error  evaluated  by  one  sigma  standard  deviation,  have 
been  achieved  In  the  real-time  VLBI,  no  human  operatiou  is  realized  to  both  the 
t^servalioD  and  the  conrlation  processing.  The  system  was  designed  to  achieve 
automated  operation  throughout  the  ertire  process,  the  obtained  results  are  opened  to 
public  via  the  internet  (bttp://ksp.crl.go.jp). 


THE  ON-SITE  DIAGNOSTICS  AND  ACCURACY  IMPROVEMENT  OF 
SATELLITE  LASER  RANGING  STATIONS  USING  PORTABLE 
CALIBRATION  STANDARD 

Hiroo  Kunimori*  1  ,  Zhao  You*2,  Ivan  Prochazka*3  and  Karel  Hamal*3 
•1  Communications  Research  Laboratory,  Japan,  kuni@crl.go.jp 
•2  Changchun  Artificial  Satellite  Tracking  Station,  China, 
zhxh@mail.jiu.edu.cn 

♦3  Czech  Technical  University,  Czech  Republic,  procha2k@cesnet.c2 

The  quality  control  of  precision  and  accuracy  of  the  station  is  one  of  the  biggest  issues 
for  Satellite  Laser  Ranging  (SLR)  network  to  perform  as  a  geodetic  calibrator  of  the 
other  space-bone  geodetic  system  and  to  establish  mm  level  accurate  terrestrial 
reference  frame.  We  present  the  design,  operation  and  performance  of  the  portable 
calibration  standard  (PCS)  as  a  tool  of  on-site  diagnostic  of  SLR  stations  in  Japan  and 
China  network.  The  PCS,  a  full  electronic  SLR  equipment,  consists  of  lime  Interval 
counter,  GPS  lime  receiver,  epoch  counter,  meteorological  sensors,  control  PC  and 
post  processing  package.  We  also  deployed  the  bias  free  single  photon  detector  and 
re-examination  of  local  survey  to  the  terrestrial  calibration  target.  The  Changchun 
session  during  August  1997  through  follow-on  experiment  in  the  next  two  months 
have  shown  the  results  of  (1)  Improvement  of  single  shot  precision  by  factor  three  to 
I  cm,  (2)  Consistency  between  survey  and  terrestrial  ranging  to  calibration  target 
improvement  by  factor  three  to  4  mm.  (3)  Meteorological  Sensor  calibration  to  1  mm. 
and  (4)  Stability  of  Range  bias  derived  from  LAGEOS  global  orbit  bias  analysis 
improved  by  factor  two  to  25mm.  Those  will  contribute  to  the  regional  and  global 
geodynamics  program. 
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APPARATUS  FOR  COMPLEX  INVESTIGATION  AND 
CONTROL  OF  GEODYNAMIC  PHENOMENA 

VI. S.  Kunko  ,  G.P.  Pushkaryov 
SSIA  "Metrology",  Kharkov,  Ukraine 
e-mail;  bondarew  @  metrog.kharkov.ua 

Complex  investigations  and  control  of  geodynamic  processes  and, 
accordingly,  their  apparatus  equipment  are  of  great  importance.  In 
order  to  provide  proper  metrological  analysis,  we  have  worked  out  the 
classification  df  geodynamic  processes  and  estimated  corresponding 
measurement  errors.  As  a  result,  the  main  directions  to  improve  the 
existing  measuring  equipment  have  been  formulated.  Various  SSIA 
Metrology  instrumentation  relating  to  complex  geodynamic 
investigations  will  be  desribed. 


INHERENT  ACCURACY  OF  24-HR  VLBI  EOF  ME.4SUREMENTS  DERIVED 
FROM  TWO  SIMULTANEOUSLY  OBSERVING  NETWORKS. 

C.  Ma  (1)  and  J.W.  Ryan  (1) 

(1)  Space  Geodesy  Branch,  Goddard  Space  Flight  Center,  cmatgvirgo.gsfc.nasa.gov 

The  international  geodetic  VLBI  network,  coordinated  by  the  VLBI  group  at  Goddard 
Space  Flight  Center,  has  begun  an  observing  program  called  CORE  (Continuous 
Observations  of  the  Rotation  of  the  Eanh)  that  by  2001  will  be  carrying  out  24-hr 
VLBI  sessions  every  day  to  measure  EOF.  CORE  is  currently  in  a  beginning  phase 
Observing  four  sessions  per  month.  Two  CORE-A  sessions  are  simultaneous  with 
NEOS  (National  Earth  Orientation  Service)  VLBI  sessions  and  two  CORE-B  sessions 
ate  scheduled  on  days  adjacent  to  NEOS  days.  By  having  simultaneous  VLBI 
estimates  of  EOF  from  two  networks  with  no  common  sites,  we  will  be  able  to  probe 
the  inherent  accuracy  of  VLBI  determinations  of  EOF.  The  CORE-B  sessions  will 
provide  information  about  the  continuity  of  EOF  measurements.  We  currently  have  a 
set  of  16  days  since  the  beginning  of  1997  with  both  CORE-A  and  NEOS  sessions.  On 
average  the  CORE-A  1-sigma  formal  errors  are  2.8  microsec  in  UTi;.60  microarcsec 
in  X-pole  and  53  microarcsec  in  Y-pole.  The  corresponding  values  derived  from  the 
NEOS  sessions  are  3.3  microsec,  70  microarcsec  and  52  mictoarcsec.  The 
root-mean-square  EOF  differences  for  the  16  days  are  6.2  microsec \in  UTl,  122 
microarcsec  in  X-pole,  and  106  microarcsec  in  Y-pole.  In  formal  erro\  units  these 
correspond  to  2.9, 2,1,  and  1.6,  respectively. 


QUALITY  CONTROL  CHALLENGES  IN  GPS  POSITIONING  ARRAYS 
S.Mertikas'.  M.  Tsakiri“,  E.  C.  Pavlis’ 

(I)  Technical  Univeisity  of  Crete.  Chania,  Greece.  mertikas@mred.tuc.gr/Fax;  +  30 
821  64  802,  (2)  Curtin  University  of  Technology,  Perth,  Australia,  (3)  JCET/UMBC, 
Space  Geodesy  Branch,  NASA  Goddard  SEC,  Maryland,  USA 

Quality  control  in  GPS  reference  stations  of  high  accuracy  is  of  critical  importance  to 
monitoring  and  positioning  and  involves  two  issues.  First,  statistical  summaries  for 
the  operating  characteristics  of  the  measurement  process  of  the  reference  receivers 
should  be  provided  and  second,  an  automatic  and  nearly  real-time  detection  of  ground 
deformation  for  each  of  the  continuous  operating  stations  should  be  achieved.  The 
Technical  University  of  Crete,  Chania,  Greece,  is  in  the  process  of  establishing  a 
number  of  continuously  operating  GPS  stations  for  supporting  a  high  accuracy 
positioning  service  on  the  island.  This  paper  investigates  the  automatic  and  in  near 
real-time  detection  of  deformation  motion  of  GPS  reference  stations  and  ensures  that 
the  available  deformation  measurements  contain  information  related  to  actual  change, 
while  monitoring  the  quality  of  the  measuring  process.  The  main  isue  is  that  of  the 
detection  of  abrupt  changes  in  some  properties  of  the  system  under  investigation.  In 
this  vein,  several  tasks  have  to  be  addressed.  First,  <(residuals»  or  signals  that  will 
reflect  direct  changes  in  the  systems  have  to  be  generated.  Second,  models  have  to  be 
chosen  based  on  the  data  window  size  (sessions),  thresholds  and  weights  etc.  Third, 
parameters  for  the  above  chosen  models  have  to  be  mned;  and  fourth  the  integrity  and 
stability  of  the  statistical  models  have  to  be  checked  with  real  data.  In  this  paper, 
continuous  GPS  data  have  been  analyzed  and  evaluated  for  all  the  above  quality 
procedures. 


NEW  APPROACH  TO  THE  PROBLEM  OF  DETERMINATION  OF 
ATMOSPHERIC  REFRACTIVITY  CORRECTIONS  IN  SPACE  GEODESY 

N.Mironov  (1),  A.Prokonov  (2)  and  Ye.  Remayev  (2) 

(1)  Main  Astronomical  Observatory,  Kiev,  Ukraine 

(2)  State  Scientific  Indusfrial  Association  "Metrology",  Kharkov,  Ukraine 
nio7@metrology.kharkov,ua/Fax:  38  0572  436193 

New  methods  of  determination  of  atmospheric  refractivity  corrections  in  space 
geodesy  (astronomic  observations,  satellite  laser  ranging  etc.)  are  proposed.  These 
methods  are  based  on  integral  approximation  of  ray  optics  equations  which  is  free 
from  basic  limits  of  the  known  methods.  In  general,  the  new  methods,  in  the  first, 
have  no  need  in  using  hypothesis  on  hydrostatic  equilibrium  of  Earth's  atmosphere; 
in  the  second,  these  methods  does  for  arbitrary  3-D  inhomogeneous  Earth's 
atmosphere  and  for  arbitrary  zenith  angles;  in  the  third,  in  terms  of  new  methods  a 
rigorous  analytical  formulae  for  calculating  of  corrections  by  surface  meteodata  are 
used  but  not  the  empirical  one  (as  in  some  known  methods). 

The  accuracy  of  new  methods  was  tested  by  numerical  experiment  (for  zenith  angles 
of0...80  degree)  with  125  radiosounde  profiles  obtained  at  the  Kharkov's  (Ukraine) 
meteorological  station  throughout  1979.  It  was  shown  that  the  new  methods  allow 
to  determine  atmospheric  refractivity  corrections  in  SLR  with  the  systematic  error 
80...8  times  smaller  then  wellknown  Marini-Murrey's  method  and  to  determine  a 
refraction  angle  with  the  accuracy  100...4  times  larger  than  accuracy  of  the 
Pulkovo  refraction  tables. 


AN  ANALYSIS  OF  HIGH-ACCURACY  TROPOSPHERIC  DELAY 
MAPPING  FL’NCTIONS 


USAGE  OF  PHASE  DELAY  MEASUREMENTS  PRODUCED  BY 
VLBI  FOR  GEODETIC  APPLICATIONS 


V.  B.  Mendes'"  and  R.  B.  Langley’ 

'Faculty  of  Sciences  of  the  University  of  Lisbon,  “Univeisity  of  New  Brunswick 
e-mail:  'vmendes@lmc.fc.ul.pt;  fax:  ■f351-l-7500072.  ’lang@unb.ca 

The  correction  of  the  propagation  delay  due  to  the  neutral  atmosphere  has  been 
recognized  as  the  major  modeling  error  for  most  of  the  radiometric  space 
techniques  used  in  precise  geodesy,  affecting  mainly  the  height  component  of 
position.  For  low  elevation  angles,  many  of  the  existing  mapping  functions 
produce  large  errors  and  are  therefore  not  suitable  for  those  applications 
demanding  the  highest  precision. 

We  have  benchmarked  five  mapping  functions  acknowledged  to  be  the  most 
accurate  of  those  currently  available:  those  developed  by  the  Harvard-Smithsontan 
Center  for  Astrophysics  (CfA),  Chalmers  University  of  Technology  (Ifadis),  the 
Jet  Propulsion  Laboratory  (Lanyi),  the  Massachusetts  Institute  of  Technology 
(MTT),  and  Haystack  Observatory  (NMF)  against  ray  traces  of  a  one-year  dataset 
of  radiosonde  profiles  from  50  stations.  From  a  station-by-station  analysis,  none  of 
the  mapping  fimetions  revealed  themselves  to  be  superior  for  all  elevation  angles. 
For  elevation  angles  above  15  degrees,  Lanyi,  MTT,  and  NMF  yield  identical 
mean  biases  and  the  best  total  error  performances.  At  lower  elevation  angles, 

Ifadis  and  NMF  are  clearly  superior.  As  regards  the  r.m.s.  scatter  about  the  mean, 
Ifadis  performs  the  best  for  all  elevation  angles,  followed  closely  by  Lanyi. 


L.  Petrov 

Geodetic  Institute  of  the  University  of  Bonn,  Nussallee  17,  53115  Bonn,  Ger¬ 
many  . 

petrovCkuestner.geod.uni-bonn.de 

The  method  of  VLBI  allows  to  measure  both  group  and  phase  delay  observables. 
Phase  delay  is  measured  more  precisely  than  group  delay  but  is  known  only 
up  to  arbitrary  integer  number  of  phase  turns,  what  makes  it  difficult  to  use  it 
directly  in  LSQ  parameters  adjustment. 

It  is  shown  that  for  the  best  observing  sessions  phase  delay  ambiguity  may  be 
successfully  resolved  by  straightforward  usage  of  adjustments  to  the  parameters 
obtained  from  the  solution  using  group  delay  measurements.  Refined  tilgorithms 
which  allow  to  weaken  requirements  to  the  quality  of  preliminary  group  delay 
solution  are  considered. 

Estimates  of  EOP  and  station  positions  produced  by  phase  delay  and  group 
delay  solutions  are  compared.  Differences  obtained  are  discussed. 


•rj 

3 


C399 


DIFFERENTIAL  SATELLITE  LASER  RANGING 
MILLIMETER  ACCURACIES  USING  CURRENT  TECHNOLOGY 

I.  Prochazka,  K.Hama! 

Czech  Tech.  University,  Brehova  7,  1 15  19  Prague,  Czech  Republic 
fax  +420  2  21912252,  prochazk^imbox. cesnet.cz 

We  are  presenting  a  new  satellite  laser  ranging  technique  :  the  Differential  Satellite 
Laser  Ranging  (DSLR).  The  principle ;  two  (or  more)  satellite  laser  ranging  systems 
are  sharing  one  common  laser  transmitter.  Recording  the  echo  pulses  arrival  times  at 
different  locations,  the  corresponding  baseline  and  relative  station  heights  may  be 
evaluated.  Due  to  the  differential  approach,  most  of  the  error  contributors  present  in 
the  standard  satellite  laser  ranging  are  minimized  or  not  existing  at  ail.  The 
calibration,  ground  survey,  orbit  modelling,  atmospheric  correction,  epoch  reference 
and  frequency  errors  are  not  contributing  to  the  final  solution,  the  satellite  signature 
effects  are  minimized.  Both  the  numerical  and  real  data  experiments  verified  the 
proper  function  of  the  DSLR  technique  and  newly  developed  data  processing 
algorithms.  The  application  of  this  method  is  limited  by  the  reflected  signal  footprint 
diameter  on  the  Earth  and  by  the  possibility  to  interconnect  the  cooperating  stations 
by  the  high  quality  coaxial  cables.The  DSLR  technique  may  be  used  as  an 
independent  check  of  the  ground  survey,  mount  eccentricities  and  calibration 
procedure  in  collocation  experiments. 


ATMOSPHERIC  CORRECTION  FROM  DUAL  COLOR  SLR 

St.  Riepl  (1).  U.  Schreiber  (1)  and  W.  Schliiter  (2) 

(1)  Forschungseinrichtung  Satellitengeodasie  der  Techn.  Universitat  Miinchen, 
Fundamentalstation  Wettzell,  D-93444  Kdtzting  Germany,  (2)  Bundesamt  fiir 
Kartographie  und  Geodasie,  Fundamentalstation  Wettzell,  D-93444  Kdtzting 
Germany. 

schreiberCMettzell. ifag.de/Fax;  [49]  9941  603  222 
Laser  ranging  to  satellites  provides  the  most  accuratly  measured  ranges  from 
a  ground  station  to  the  satellite.  The  influence  of  the  atmosphere  so  far  is 
estimated  by  employing  refraction  correction  models.  Two  color  laser  ranging 
techniques  have  the  advantage  that  the  refraction  correction  along  the  line  of 
sight  can  be  obtained  directly  from  the  measurements.  By  means  of  synchronis¬ 
ing  the  deflection  voltage  of  the  streak  camera  with  the  mode  locking  frequency 
of  the  used  Nd:YAG  laser  and  locking  both  to  a  stable  frequency  standard,  the 
streak  camera  represents  a  complete  timing  system  for  the  simultaneous  mea¬ 
surement  of  absolute  ranges  in  the  infrared  and  green  wavelength  domain.  High 
resolution  differential  ranges  are  also  readily  available. 


TRANSPORTABLE  INTEGRATED  GEODETIC  OBSERVATORY 
TIGO  AS  A  REALISATION  OF  A  NEW  FUNDAMENTAL  STA¬ 
TION 

W.  Schliiter  (1),  A.  Boer  (1),  R.  Dassing  (1),  H.  Hase  (1).  H.  Seeger  (1),  P. 
Sperber  (1)  and  R.  Kilger  (2) 

(1)  Bundesamt  fiir  Kartographie  und  Geodasie,  Fundamentalstation  Wettzell, 
D-93444  Kdtzting,  Germany,  (2)  Forschungseinrichtung  Salellitengcod^ie  der 
TU  Miinchen,  Fundamentalstation  Wettzell.  D-93444  Kdtzting,  Germany. 
schlueterCHettzell.ifag.de/Fax:  [49]  9941  603  222 

The  Transportable  Integrated  Geodetic  Observatory  (TIGO)  is  designed  as  a 
Fundamental  Reference  Station.  All  relevant  geodetic  space  techniques  such  as 
VLBI,  SLR  and  GPS  are  employed.  TIGO  eis  a  transportable  system  is  planned 
to  be  operated  for  periods  of  minimum  one  or  two  years  at  remote  sites  in  order 
to  fill  up  gaps  in  the  International  Space  Geodetic  Network  (ISGN).  Currently 
the  components  are  assembled  at  the  Fundamentalstation  at  Wettzell.  First 
observations  with  the  SLR-module  and  the  VLBI-module  have  been  started.  A 
test  period  of  the  entire  system  is  planned  for  1998  at  the  Fundamentalstation 
Wettzell  in  collocation  with  the  Wettzell  Laser  Ranging  System  (WLRS)  and 
the  20m-Radiotelescope  for  VLBI. 


THE  CII  RING  LASER  PROJECT 

U.  Schreiber  (1),  M.  Schneider  (2),  G.  Stedman  (3),  C.  Rowe  (3),  S. 
Cooper  (3),  W.  Schliiter  (4)  and  H.  Seeger  (5) 

(1)  Techn.  Universitat  Miinchen,  Fundamentalstation  Wettzell,  D-93444 
Kdtzting  Germany,  (2)  Techn.  Universitat  Miinchen,  Arcisstr.  21,  D- 
80333  Miinchen  Germany,  (3)  University  of  Canterbury,  Private  Bag  4800, 
Christchurch,  New  Zealand,  (4)  Bundesamt  fiir  Kartographie  und  Geod^ie, 
Fundamentalstation  Wettzell,  D-93444  Kdtzting  Germany,  (5)  Bundesamt  fiir 
Kartographie  und  Geod^ie,  Richard  Strauss  Allee  11,  D-60598  Frankfurt  Ger¬ 
many. 

8chreiberOHettzell.ifag.de/Fax;  [49]  9941  603  222 

During  the  years  1995  and  1996  a  new  large  ring  laser  as  a  prototye  for  geodetic 
applications  has  been  built.  It  follows  the  basic  concept  of  the  Canterbury  Ring 
Laser  (Cl),  which  has  been  developed  over  the  last  10  years.  In  1997,  the  full 
ring  laser  facility  (CII)  has  been  installed  and  extended  work  was  carried  out 
to  establish  longterm  routine  operation.  The  ring  laser  operates  on  a  TEM(0,0) 
single  longitudinal  mode.  To  achieve  stable  operation  conditions,  amplitude  and 
frequency  stabilisation  loops  have  been  added  to  the  ring.  The  conditions  for  the 
amplitude  stabilisation  are  rather  difficult,  since  the  available  output  power  of 
the  ring  la.ser  is  approximately  10  pW  only.  To  obtain  a  stable  optical  operation 
frequency,  a  cavity  length  control  to  the  order  of  1  nm  is  required.  The  observed 
Sagnac  signal  is  recorded  in  a  continuous  mode.  Additional  information,  such 
as  monument  temperature,  the  atmospheric  pressure  and  seismographic  data 
i-s  added  to  the  data  records. 


FIRST  STEPS  TOWARDS  REAL-TIME  VLBI 
H.  Schuh  and  W.  Schwegmann 

Deutsches  Geodatisches  Forschungsinstitut  (DGFI),  Marstallplatz  8,  Miinchen, 
D-80539  Germany. 

schuh<Ddgf  i .  badw'inuenchen .  de 

VLBI  is  an  extremely  precise  modern  geodetic  technique  for  monitoring  the 
Earth  rotation  and  for  the  realization  of  the  global  reference  system.  However, 
the  costs  are  relatively  high  and  there  is  still  a  delay  of  one  week  minimum 
between  the  time  of  observation  and  the  availability  of  results.  If  this  gap  could 
be  shortened  to  a  few  hours  this  would  allow  to  monitor  relative  station  mo¬ 
tions  and  the  Earth  rotation  parameters  in  near  real-time. 

An  important  component  of  real-time  VLBI  is  the  direct  transmission  of  the 
received  signals  from  the  radiotelescopes  to  the  correlator  or  to  a  central  com¬ 
puter  for  further  processing.  High  bandwidth  communication  networks  using 
optical  fiber  or  communication  satellites  allow  infra-  and  intercontinental  trans¬ 
mission  of  signals  at  hundreds  of  Mbits/sec. 

Another  essential  step  towards  real-time  VLBI  is  a  faster  and  semiautomatic 
data  analysis.  A  concept  of  a  knowledge-based  system  will  be  presented,  which 
will  support  and  guide  the  VLBI  analysts  to  make  the  data  analysis  faster  even 
by  less  experienced  analysts.  Some  parts  of  the  system  have  already  been  real¬ 
ized.  Examples  will  be  given  of  automatic  editing  of  station  logfiles  before  the 
weather  and  cable  calibration  data  are  entered  into  the  VLBI  databases. 


INCREASING  AUTOMATION  OF  GPS  REFERENCE  STATIONS  WITH 
ASHTECH’S  GEODETIC  BASE  STATION  SOFTWARE 

Robert  W.  Snow  and  David  R.  Rutledge 
Ashtech  Inc.  (rsnow@ashtech.com) 

As  permanent,  continuous,  GPS  geodetic  networks  increase  and  density,  it  is 
becoming  increasingly  difficult  to  manage  the  recovery  of  the  collected  data  by 
central  processing  facilities.  Ashtech  has  addressed  these  issues  with  our  new 
Geodetic  Base  Station  Software  (GBSS).  GBSS  has  been  specifically  designed  to 
work  in  concert  with  a  co-Iocated  Windows  NT  Server  and  is  capable  of 
automatically  generating,  managing  and  distributing  large  amounts  of  GPS  data. 

GBSS  software  interfaces  with  Ashtech’s  GPS  and  GPS  +  GLONASS  receivers,  and 
it  is  capable  of  simultaneously  creating  many  different  GPS  file  types.  These 
include  single-frequency  and  dual-frequency  files,  trap  files,  NMEA  files, 
ionospheric  model  files,  diagnostic  log  files  and  compressed  files.  The  software 
even  allows  the  user  to  automatically  generate  files  with  different  recording  rates 
(e.g.  30  seconds,  20  seconds,  5  seconds,  1  second).  This  feature  allows  the  user  to 
have  multiple  data  sets  with  different  recording  intervals  for  any  given  time  frame. 

Any  of  these  files  can  then  be  made  available  to  the  user  community  via  BBS,  FTP, 
or  a  Web  page.  GBSS  additionally  employs  push  technology  to  automatically 
distribute  any  of  these  data  files  over  the  Internet. 
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AN  ANALYSIS  OF  THE  STOCHASTIC  MODEL  OF  GPS  OBSERVABLES 
C.  Tiberius  and  F.  Kenselaar 

Faculty  of  Civil  Engineering  and  Geosciences  -  TU  Delft 
c,c.j.m.tiberius@geo.tudelft.nl 

Increased  demands  upon  the  accuracy  of  space  geodetic  measurement  techniques  call 
for,  besides  improved  instrumentation,  an  improved  modelling.  The  challenge  is  to 
develop  a  mathematical  model  for  the  processing  of  the  data  of  the  measurement 
system,  that  can  meet  these  demands.  In  this  paper  we  will  give  a  procedure  by  which 
functional  and  stochastic  model  can  be  adapted  to  give  an  adequate  description  of  the 
measurement  data.  The  mathematical  background  will  be  given,  followed  by  an 
elaboration  upon  the  stochastic  model,  as  the  importance  of  a  correct  specification  of 
this  component  is  usually  severely  underestimated.  As  an  example  of  an  application, 
we  consider  (pseudo-range)  code  and  (carrier)  phase  observables  in  a  precise  relative 
positioning  set  up,  for  some  state-of-the-art  geodetic  GPS  receiver  pairs.  The  proposed 
procedure  provides  a  powerful  analysis  of  time  series  of  these  observables  at  1  second 
rate.  The  functional  model,  as  it  is  commonly  used,  is  checked;  unmodelled  effects,  if 
present,  clearly  show  up.  The  stochastic  behaviour  of  the  GPS  observables,  with  its 
cause  in  particular  the  receiver  noise,  is  explored.  It  Is  shown  what  effects  a 
sophisticated  stochastic  model  should  comprise.  Refinements  to  the  model  currently  in 
use  are  definitely  necessary. 


A  new  approach  to  the  problem  of  a  transportable  eye-safe 
SLR  station  for  high-accuracy  measurements 

V.P.  Vassiliev,  V.D.  Shargorodsky 

Russian  Science  Recearch  Institute  for  Space  Device  Engineering 
st.  Aviamotornaya  S3, 111250,  Moscow,  Russia 

A  new  approach  is  discussed  for  a  design  of  a  light-weight  SLR 
station  consisting  of  several  separate  units  and  operating  at  an  eye- 
safe  wavelength  (1.55  mm).  It  uses  a  completely  passive  small- 
aperture  optical  system  connected  with  the  transmitter  and  receiver 
units  by  means  of  fiber-optical  cables.  A  combination  of  a  transmitter 
with  a  relatively  high  average  output  power  (-10  W)  and  a  high- 
sensitivity  receiver  with  a  fiber-optical  preamplifier  should  provide  a 
signal-power  budget  sufficient  for  ranging  of  all  types  of  target 
satellites  equipped  with  retroreflectors. 

Block  diagrams  and  return  signal  strength  evaluations  will  be 
presented. 


G16  Geodetic  and  geodynamic  achievements  of  the 
CEI  (Central  European  Initiative) 

Convener;  Sledzinski,  J. 

Co-Convener:  Kostelecky,  J. 


A  satellite  for  submillimeter-accuracy  SLR 

V.P.  Vassiliev,  V.B.  Burmistrov,  V.D.  Shargorodsky 

Russian  Science  Recearch  Institute  for  Space  Device  Engineering 

st.  Aviamotornaya  53, 1 1 1 250,  Moscow,  Russia 

A  new  miniature  spherical  satellite  has  been  developed  for  SLR  with 
target  errors  less  than  0.5  mm.  The  satellite  named  WESTPAC  will 
be  launched  as  a  piggyback  load  on  board  of  a  Russian  RESURS 
satellite  scheduled  for  launch  in  mid-1998.  The  orbit  will  be  a  sun- 
synchronous  one  with  a  height  of  approximately  850  km.  The  23.5-kg 
WESTPAC  satellite,  now  completely  tested  and  ready  for  launching, 
is  equipped  with  60  cube-corner  retroreflectors  and  is  based  on  a 
principle  "one  direction-one-reflector"  which  means  that  in  any 
satellite's  attitude  and  in  any  position  relative  to  the  SLR  station  only 
return  signals  from  a  single  cube  corner  reflector  can  be  received.  To 
achieve  this,  each  retroreflector  is  equipped  with  an  individual  blind 
limiting  the  angle  of  incidence  of  the  laser  beam. 

Pictures  of  the  WESTPAC  satellite  will  be  presented,  as  well  as  a  list 
of  its  parameters. 

Some  proposals  will  be  also  presented  for  future  satellites  having  still 
less  target  errors  (of  the  order  of  0.1  mm).  Advantages  and 
drawbacks  of  the  proposed  designs  will  be  discussed. 


High  Resolution  Acquisition  of  Topographic  Surfaces  with  the  High  Resolution 
Stereo  Camera  (HRSC). 

Wewel  F..  Jaumann  R.,  Brand  M..  Neukum  G.  DLR.  Institute  of  Planetary 
Exploration.  Berlin.  Schollcn  F.  Technical  University  of  Berlin 

In  the  last  15  years  digital  techniques  replaced  more  and  more  the  analog  photo- 
grammetry  analysis  in  daily  work.  Consequently  the  digital  data  collection  becomes 
more  important  to  the  photogrammetric  practice.  Up  to  now  analog  aerial  survey 
camera  systems  predominating  the  data  acquisition.  In  near  future  the  conventional 
analog  survey  camera  systems  will  be  replaced  by  digital  cameras.  At  the  Institute  of 
Planetary  Exploration  of  the  Gemtan  Aerospace  Center  (DLR)  a  High  Resolution 
Stereo  Camera  (HRSC)  has  been  designed  for  the  Russian  Mars96  mission.  The 
HRSC  instrument  complies  the  fully  capability  characteristics  for  an  digital  aerial 
photogrammetric  sensor.  The  scanning  of  the  camera  is  based  on  an  along  track 
triple  stereo  concept.  Besides  the  three  stereo  CCD's  the  HRSC  camera  has  four 
multispectral  and  two  photometry  channels.  Hence  simultaneously  high  resolution 
stereo  and  multispectral  data  aquisition  can  be  achived.  To  get  high  accurate  position 
and  attitude  data  of  the  aircraft-mounted  camera  system  a  GPS  receiver  is  added  and 
an  inertial  navigation  system  is  mounted  to  the  camera  module.  Beside  the  camera  a 
complete  photogrammetric  and  cartographic  processing  line  including  digital  image 
matching.  DTM  and  orthoimage  generation,  mosaicking  and  merging  of  multispec¬ 
tral  data  has  been  developed  for  the  HRSC  data  processing.  One  target  of  a  HRSC 
airborne  campaign  was  the  Sicilian  vulcano  Etna  and  the  Lipari  Islands.  First  result 
of  the  Etna  and  Lipari  Island  campagne  is  a  DTM  with  high  resolution  and  accuracy 
of  the  island  Stromboli.  The  hard  and  software  functionality  tests  demonstrated  the 
qualification  of  the  system  for  high  resolution  monitoring  of  topographic  surfaces. 


INCORPORATION  OF  THE  VERTICAL  GRAVITY  GRADIENT 
OBSERVATIONS  TO  THE  DETERMINATION  OF 
SEPARATION  BETWEEN  GEOID  AND  QUASIGEOID  ON 
POLAND  TERRITORY 

M.Barlik;  Institute  of  Geodesy  and  Geodetic  Astronomy,  Warsaw  University 
of  Technology;  00-661  Warsaw,  POLAND  Tel/fax:  (4822)  622-85-15; 
e-mail;  barlik@gik.pw.edu.pl 

An  application  of  observed  gravity  vertical  gradient  to  the  determination  of 
the  separation  between  geoid  and  Molodensky’s  quasigeoid  is  discussed 
in  the  paper.  The  author  gives  results  of  studies  obtained  from 
gradientometric  measurements  in  a  vicinity  of  Warsaw  (Central  Poland) 
and  in  submountainous  area  near  Grybow  (Cracow  district  -  Carpathians). 
The  values  of  f-N  are  not  negliglibled  for  GPS  levelling,  too.  Component 
depending  on  the  gravity  gradient  achieves  the  value  up  to  2  mm,  while  the 
Bouguer  anomaly  contributes  about  25  mm  to  f-N. 
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PLATE  KINEMATIC  STUDIES  IN  ROMANIA  USING  GPS 

M.Becker  (1),  D.Ghitau  (2),  C.Marcu  (2),  P.Neumaier  (1),  F.Radulescu  (3), 
E.Reinhart  (I),  V.Rosca  (4),  T.Rus  (2).  H.Seeger  (I) 

(1)  Federal  Agency  for  Cartography  and  Geodesy  (BKG)  Frankfurt  a.M.,  Germany 

(2)  Geodesy  Research  Group  (GFUBB)-T.U.Civil  Engineering  Bucharest,  Romania 

(3)  National  Institute  for  Earth’s  Physics  (INFP),  Bucharest,  Romania 

(4)  Geological  Institute  of  Romania  (IGR). 

CERGOP  (Central  European  Regional  Geodynamic  Project)  was  established  to 
integrate  geodynamic  research  in  the  Central  European  Region  including  II 
countries  and  using  space  geodetic  techniques  -  mainly  GPS.  The  geodetic 
network  established  -  CEGRN  (Central  European  GPS  Geodynamic  Network) 
provides  a  stable  and  reliable  reference  system.  CEGRN  actually  represents  a 
powerful  tool  in  order  to  perform  regional  and  subregional  geotectonic 
investigations.  In  the  CERGOP  frame  in  Romania  4  main  and  4  additional  GPS 
stations  were  established.  The  GPS  sites  are  situated  on  representative  tectonic 
units,  GPS  observations  were  carried  out  at  all  8  stations  during  the  1995,  19% 
and  1997  CEGRN  campaigns.  This  paper  intends  to  present  the  first  results  with 
regard  to  plate  kinematics  in  Romania  based  on  the  GPS  results  from  BKG 
processing  centre.  Plans  for  the  long-term  observations  and  network 
densification  are  discussed. 


PROGRESS  IN  ESTABLISHMENT  OF  THE  UKRAINIAN-POLISH 
OBSERVATORY  PIP-  IVAN  IN  CHARNOHORA 

M.Bendyna(l),  J.  SIedzinski(2),  K.Tretyak(3)  and  F.ZablotskviOI 
(I)  Uknvestprojectrestoration,  (2)  Institute  of  Geodesy  and  Geodetic 
Astronomy,  Warsaw  University  of  Technology,  (3)  Chair  of  Geodesy  and 
Astronomy,  State  University  “Lviv  Polytechnic” 
fzabIots@polynet.Iviv.ua/Fax;  +38-0322-744300 

Creation  of  the  international  scientific  centre  on  the  base  of  the  former  astro- 
meteorological  Observatory  erected  in  1938  at  the  Mount  Pip-Ivan  (2022m) 
was  approved  by  decision  of  the  scientific  Ukrainian-Polish  conference 
(October,  1996,  Jaremche).  Construction  of  the  observatory  has  not  been  used 
since  1945,  therefore  it  requires  the  significant  repair-reconstruction  works 
today.  Considering  the  historical,  scientific  and  cultural  values  of  this  complex, 
its  location  and  environment  it  should  be  noted  that  observatory  in 
Chamohora  is  unique  and  has  no  analogues.  Aichitectural-archaeolo^cal 
investigations  were  executed  and  a  respective  project  of  restoration  of  the 
observatoty  was  developed.  A  nound  reconnaissance  for  making  the 

feodynamic  network  around  the  Charnohora  mountain  belt  was  carried  out. 

he  first  GPS  measurements  will  be  conducted  in  an  astronomical  house  of  the 
observatory  in  1998  within  the  EXTENDED  SAGET  Project.  A  reconstruction 
of  access  road  to  the  observatory  from  the  main  one  will  be  begun  in  the  near 
future,  that  will  allow  to  accelerate  the  building  works  on  its  restoration. 
Realization  of  the  permanent  GPS,  gravimetric,  seismic,  magnetic, 
meteorological,  ecological  and  other  measurements  and  studies  will  be  provided 
here.  Operation  of  the  observatory  will  have  a  key  role  not  only  for  studying 
geodynamics  ,  bat  also  for  the  development  of  some  natural  sciences  in  the 
Carpathian  region. 


INFLUENCE  OF  THE  GEOPHYSICAL  EFFECTS  ON  THE  RESULTS  OF 
GPS  DATA  PROCESSING. 

J.  Bogusz  (Institute  of  Geodesy  and  Geodetic  Astronomy  WUT,  Warsaw) 

M.  Fieurski  (Military  University  ofTechnology,  Warsaw) 

Currently  archieved  subcentimeter  accurasy  of  the  GPS  measurements  makes 
people  to  verify  the  methods  of  the  data  processing  and  observations  adjustmenl. 
Applying  of  the  models  which  have  been  used  so  far  is  not  sufficient  for  acquiring 
stable  solutions  on  the  level  of  one  centimeter.  Simple  models  of  different 
geophysical  effects  implement  to  the  solutions  the  noise  which  is  compared  to  the 
values  of  the  errors  of  determined  coordinates.  To  solve  this  problem  we  could 
improve  the  adjustment  by  applying  modelling  of  these  phenommenas  according 
to  the  newest  theories.  In  particular  one  has  to  pay  attention  on  the  changes  in  time 
of  the  geophysical  effects,  interactions  between  them  and  their  origins.  This  paper 
describes  the  geophysical  effects  which  affect  the  GPS  observations  and  some 
models  used  in  GPS  data  processing. 


CONTRIBUTION  OF  ASTRO-GEODETICAL  OBSERVATORY  IN 

j6zefos£aw  to  euref  and  geodynamical  studies  in 

CENTRAL  EUROPE. 

J.  Bogusz,  M.  Kruezyk,  L.  Kujawa,  W.  Kurka,  M.  Piraszewski, 
J.  B.  Rogowskf,  J.  (EledziAski  (Institute  of  Geodesy  and  Geodetic  Astronomy 
WUT,  Warsaw) 

M.  Figurski  (Military  Academy  ofTechnology,  Warsaw) 

Astro-geodetic  Observatory  of  the  Institute  of  Geodesy  and  Geodetic  Astronomy 
of  the  Warsaw  University  ofTechnology  at  J6zefos*aw  was  incorporated  in  1991 
as  the  IGS  station.  Since  1993  the  following  permanent  services  have  been 
maintained:  GPS  observations  using  Trimble  4000  SSE  receiver  and  TurboRogue 
SNR-8000,  tidal  gravimetric  observations  using  LaCoste  Romberg  gravity-meter 
model  G  and  astrometrical  observations  with  Zeiss  telescope.  Since  January  1996 
the  WUT  Processing  Centre  which  is  an  integral  part  of  the  Observatory  has 
started  the  systematic  processing  of  network  consisting  of  18  sites,  i.e.  J6zefos*aw, 
Borowiec,  Laimkdwko,  Wroclaw,  Borowa  Gora  (Poland),  Penc  (Hungary),  Peeny 
(Czech  Republic),  Mendeleievo,  Svetloe  (Russia),  Wettzell,  Insbruck  (Austria), 
Kootwijk  (Holland),  Matsahovi  (Finland),  Onsata  (Sweden),  Malera  (Italy),  Modra 
Piesky  (Slovakia),  Ryga  (Lithuania)  and  Joensuu  (Finland).  Paper  presents  the 
results  of  processing  of  data  from  these  sites  and  contribution  of  the  results  to 
EUREF  and  some  geodynamical  projects  in  Central  Europe. 


INSTRUMENTAL  PHASE  LAG  DETERMINATION  IN  POLISH  TIDAL 
STATIONS. 

J.  Bogusz  (Institute  of  Geodesy  and  Geodetic  Astronomy  WUT,  Warsaw) 

The  main  limitation  of  the  accurate  determination  of  recent  global  Earth  models 
determined  from  the  tidal  observations  are  currently  due  to  the  random 
observational  noise,  systematic  errors  of  oceanic  gravitation  and  loading 
corrections  from  the  atmosphere  and  errors,  of  instrumental  phase  lag  corrections. 
This  paper  describes  the  experiments  which  were  performed  in  three  Polish  tidal 
stations:  Borowa  Gora  (907),  Warszawa  B  (907)  and  J6zefos*aw  (909).  First  of 
them  is  equipped  with  the  Ascania  Gs-11  gravimeter  modified  by  Bonatz  and 
designated  BN-17  and  the  rest  of  them  are  equipped  with  LaCoste&Romberg 
gravimeters  G-648  and  G-986  respectively.  For  these  purposes  we  have  used  the 
step  responce  method  invited  and  developed  by  prof.  Wenzel.  Two  strategies  of 
making  steps  were  used;  hand-made  steps  and  with  using  the  data  acquisition 
system  which  consists  of  the  PC,  feedback  and  electronic  step  generation  and  step 
response  digitization  hardware.  The  description  of  the  method  and  preliminary 
Insults  are  presented  in  the  paper. 


APPLICATION  OF  GPS  TECHNOLOGY  TO  THE  ENVIRONMENTAL  ^ 

STUDIES. 

J.  Bogusz,  L.  Kujawa,  W.  Kurka,  M.  Piraszewski,  J.  B.  Rogowskl  (Institute  of 
Geodesy  and  Geodetic  Astronomy  MT/T,  Warsaw) 

A.  Dobrowolski,  W.  Leszczyflski  (Institute  of  Meteorology  and  Water  i 

Management,  Warsaw)  | 

M.  Szo’ucha  (Military  Centre  of  Geodesy  and  Remote  Sensing,  Warsaw)  | 

The  Warsaw  University  ofTechnology  (WUT)  has  been  using  GPS  for  over  seven  ] 

years  to  establish  locations  for  geodetic  surveying  and  environmental  studies.  In  j 

accordance  with  a  recent  plan  developed  by  the  Institute  of  Geodesy  and  Geodetic  ! 

Astronomy  the  Jozefos’aw  station  consists  of  a  3  GPS  receivers  (Trimble  4000SSE 
as  a  permanent  receiver  in  IGS  service.  Turbo  Rouge  receiver  as  a  control  receiver 
and  Trimble  Community  Base  Station  receiver  with  PFCBS  software  as  a  base 
station  receiver)  which  works  fully  automatically.  The  base  station  (CBS  receiver) 
is  designated  to  service  an  area  bounded  approximately  by  a  300  km  radius,  and 
acts  as  a  reference  for  roving  field  units  operating  in  a  GPS  differential  data 
collection  mode.  Some  results  of  practical  application  of  GPS  technologies  in 
water  management,  photogrammetry  with  video  camera  and  some  marine  aimes 
are  presented  in  the  paper.  We  also  present  a  new  local  area  real  time  DGPS 
system. 
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STATUS  OF  ABSOLUTE  GRAVITY  MEASUREMENTS  IN  UKRAINE 

V.  Bondarenko.  G.  Sidorenko,  V.  Shurubkin,  S.  Svitlov,  Yu.  Lokshyn 
State  Scientific  Industrial  Association  (SSIA)  "Metrology",  Kharkov,  Ukraine 
e-mail;  bondarew@metrog.kharkov.ua;  galdor@metrology.kharkov.ua 

Absolute  gravity  measurements  provide  an  important  information  for  geodesy,  geo¬ 
physics,  metrology  and  inertial  navigation.  SSIA  "Metrology"  has  more  than  twenty- 
years  experience  in  the  developing  and  operation  with  both  the  fi^ee-fali  and  rise- 
and-fall  absoiute  gravimeters.  SSIA  "Metrology"  is  authorized  to  establish  new  10- 
15  absolute  gravity  stations  to  update  the  national  base  gravity  network.  Since  the 
used  gravimetric  instrumentation  is  outdated  to  solve  this  problem,  we  have  recently 
designed  the  State  Special  Standard  and  the  State  Verification  Scheme  to  verify  all 
the  existing  relative  gravimeters.  The  main  parts  of  that  Standard  are  two  symmetri¬ 
cal  rise-and-fall  absolute  gravimeters.  A  prototype  of  the  Standard  (transportable  ab¬ 
solute  gravimeter  GP-05)  in  1992-1993  was  used  to  establish  the  West,  Central  and 
East  Gravity  Calibration  Base  lines  at  the  Polish  Gravity  Network  with  the  expected 
errors  up  to  30  pGal.  First  results  obtained  with  the  new  transportable  gravimeters  at 
the  newly  created  station  "Kharkov"  in  Jan.-Feb.  1997  point  out  ability  to  measure 
an  absolute  gravity  value  in  the  very  noisy  conditions  of  a  large  industrial  city  with 
the  errors  of  order  10  pGal  (random)  and  8  pGal  (systematic).  Now  we  are  looking 
for  a  possibility  to  take  part  in  primary  or  secondary  intercomparisons  of  absolute 
gravimeters.  Having  created  a  few  absolute  stations  in  Ukraine,  we  would  be  able  to 
connect  the  gravity  network  of  Ukraine  with  the  Central  European  ones.  In  particu¬ 
lar,  we  are  very  interested  to  join  in  the  nearest  fiihire  such  campaigns  as  the  UNI- 
GRACE  Project  (Unification  of  Gravity  Systems  in  Central  and  Eastern  Europe). 


REALIZATION  OF  THE  HUNGARIAN  NATIONAL  GPS  NETWORK 
T.Borza,  A.  Kenveres 

FOMI  Satellite  Geodetic  Observatoiy,  H-1373  Budapest,  P.O.Box  546.,  Hungary 
borza@sgo.fomi.hu  /  Fax:  +36-27  310  980 

Hungary  as  one  of  the  first  East-European  country  joined  to  EUREF  in  1991.  In  the 
same  time  a  24-point  frame  network  was  also  established.  The  further  densification 
of  the  GPS  network  was  delayed,  it  was  started  only  in  1994  with  site  selection.  The 
Hungarian  National  GPS  Network  (OGPSH)  is  based  on  the  existing  geodetic 
network  points,  where  GPS  measurements  are  possible.  New  sites  were 
monumented  only  where  suitable  existing  site  was  not  found.  The  mean  point 
distance  is  about  10  km.  This  relatively  dense  distribution  was  chosen,  because  of 
its  mote  efficient  field  measurement  technique.  Mote  than  1 100  point  were  selected 
and  had  been  measured  in  three  campaigns  between  1995  and  1997.  In  the 
campaigns  9  observer  group  were  participated  and  measured  5-6  session  per  day. 
The  GPS  data  were  processed  by  Trimble  s  GPSurvey  program,  the  network 
adjustment  was  done  with  our  own  software.  The  GPS  coordinates  are  in  the 
ETRS89  system,  the  horizontal  position  accuracy  is  at  the  cm-level. 

Almost  300  site  have  levelled  height.  Based  on  the  technique  developed  at  our 
Observatory  all  OGPSH  site  was  furnished  with  sea-level  height  using  the  GPS- 
gravimetric  geoid.  The  height  component  accuracy  is  about  1-3  cm. 

Also  a  new,  GIS-based  database  was  developed,  which  containes  all  relevant 
information  and  available  for  the  users. 


STRATEGY  OF  GPS  DATA  PROCESSING  IN  LOCAL 
GEODYNAMICAL  NETWORKS 

J.  Rosy.  B.  Kontny 

Department  of  Geodesy  and  Photogrammetry,  Agricultural 
University,  Grunwaldzka  str.  53,  50-357  Wroclaw,  Poland; 
e-mail:  Jaroslaw_Bosy@ar.wroc.pl  or  kontny@kgfar.wroc.pl 

Geodynamical  research  carried  out  by  the  Department  of  Geodesy  and 
Photogrammetry  of  Agricultural  University  of  Wroclaw  base  on 
repeated  yearly  satellite  observations  of  local  GPS  networks. 
Placement  of  the  observation  points  adapted  to  specific  geological  and 
tectonic  conditions  cause  big  differences  of  base-line  lengths. 
Geometric  heterogeneity  of  the  networks  requires  a  specific  strategy 
of  observations  planning  and  data  processing  (data  from  various 
receivers,  network  construction,  ambiguity  solution,  ionosphere  and 
troposphere  modelling,  normal  equations  solution,  connection  with 
EUREF/IGS  permanent  stations  and  results  distribution).  In  the  paper 
the  results  of  GPS  data  processing  of  geodynamical  research  network 
GEOSUD  using  BERNESE  v4.0  software  are  presented. 


RECENT  GEODYNAMICS  OF  ESTERN  SUDETY 
MOUNTAINS  AND  SUDETY  FORELAND 

S.  Cacon,  B.  Kontny.  J.  Bosy 

Department  of  Geodesy  and  Photogrammetry,  Agricultural  University, 

Grunwaldzka  str.  53,  50-357  Wroclaw,  Poland; 

e-mail:  cacon@kgf  ar.wroc.pl.,  bosy@ar.wroc.pl,  konmy@kgfar.wroc.pl 

The  Sudety  Mts.  and  Sudety  Foreland  envelop  the  area  of  north-east 
margin  of  Bohemia  Massif  with  complicated  block-type  geological 
structure.  Contemporary  orographic  image  of  this  region  results  fi'om 
Tertiary  (Miocene,  Pliocene)  tectonic  movements.  A  lot  of 
earthquakes  are  registered  in  historical  period.  These  facts  and 
modem  quantitative  and  qualitative  data  confirm  that  tectonic  activity 
still  is  going  on.  In  1992  an  investigation  of  the  recent  movement  of 
the  upper  layer  of  lithosphere  of  the  areas  in  Eastern  Sudety  Mts.  and 
Sudety  Foreland  was  begun.  The  following  areas  were  investigated: 
Snieznik  Massif  Paczkow  Graben  and  Stofowe  Mts.  In  1996  these 
separate  projects  were  included  into  the  GEOSUD  project.  Repeated 
observations  were  carried  out  using  GPS,  gravimetric,  and  geodetic 
methods.  The  results  of  this  investigations  and  preliminary 
interpretation  are  presented  in  the  paper. 


TRACKING  AND  DATA  PROCESSING  AT  THE  GPS  STATION  UPAD 
ACaporali,  V.de  Perini,  V.della  Corte 

Dipartimento  di  Geologia,Paleonlologia  e  Gcofisica  and  CISAS,  University  di 
Pa^va,  Italy 

The  pennanent  GPS  station  UPAD  of  the  University  of  Padova  was  installed  in ' 
1994  to  support  research  projects  on  space  technologies  and  satellite  geodesy,  and 
to  serve  as  a  training  facility  for  students  in  Earth  Sciences  and  Engineering.  In 
December  1997  the  TRIMBLE  4000  SSE  receiver  and  the  geodetic  antenna  were 
replaced  with  a  TRIMBLE  4000  Ssi  receiver  and  chocke  ring  antenna,  and  a 
control  software  Universal  Reference  Station  (URS)  under  OS/2  WARP  4. 
Asynchronous  data  access  is  offered  via  a  Bulletin  Board  System  with  modems 
connected  to  an  intelligent  DigiBoard  PC/4Xe  multiport  board.  Internet  access 
occurs  via  the  University’s  high  speed  LAN.  Plots  describing  the  receiver’s 
performance  are  computed  with  the  program  QC  of  UNAVCO  and  appear  on  a 
dedicated  WEB  page.  The  acquired  data  are  ftp’ed  daily  to  the  IGS  Central 
Bureau  in  Pasadena,  California  and  to  the  CERGOP  Data  Center  in  Graz.  UPAD 
contributes  to  IGS,  CERGOP  and  the  Italian  Permanent  GPS  network  of  the 
Italian  Space  Agency.  In  1997  the  University  of  Padova  joined  UNAVCO.  Data 
processing  with  the  Bernese  4.0  software  of  the  University  of  Bern  concenuates 
on  a  alpine  network  comprising  the  permanent  stations  in  Grasse,  Torino, 
Zimmerwald,  Pfaender,  Hafelekar,  Trento,  Padova,  Graz,  Venezia  and  Matera. 
The  daily  network  solutions  are  stacked  and  eventually  combined  in  weekly 
solutions,  and  time  series  of  baselines  are  generated. 


ARE  TERRESTRIAL  LEVELLING  AND  SATELLITE  GPS 
NETWORKS  WELL-MATCHED  WITH  THE  RECENT 
DYNAMICS  OF  THE  POLISH  TERRITORY 

Krvitvna  Ciarnecka  (Institute  of  Applied  Geodesy) 

Knzimierz  Czarnecki  (Institute  of  Geodesy  and  Geodetic  Astronomy), 
Warsaw  University  of  Technology, 

Plac  Politechniki  1,  PL-00661  Warsaw,  Poland 

Paper  discusses  the  question  whether  terrestrial  vertical  network  of  the 
precise  levelling  and  the  newly  established  geodynamic  satellite  GPS 
network  are  adjusted  to  the  tectonic  structure  of  the  Polish  territory. 
Considering  that  the  traditional  precise  levelling  network  lias  been 
established  to  cope  with  purely  geodetic  demands,  its  usefulness  for 
monitoring  the  tectonic  vertical  movements  of  the  Earth’s  crust  is 
discussed.  The  maps  of  the  vertical  crustal  movements  of  1971  and  of 
1985  are  analysed.  Geodynamic  networks  based  on  satellite  GPS 
observations  established  on  the  Polish  territory  during  last  decade  in  the 
frames  of  CEI  and  other  Regional  Projects  are  discussed  against  a 
background  of  the  tectonics  of  the  Polish  territory. 
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RTK-DGPS  FOR  MILITARY  AND  CIVIL  AVIATION  IN 
POLAND 

K.Czarnecld',  A.Fellner^.  H.Jafe^lik^  ILOIszewski^  J.Rogowski*, 
J.^Iedzi^ski' 

‘  Warsaw  University  of  Technology,  Institute  of  Geodesy  and 
Geodetic  Astronomy,  Warsaw,  Poland 
*  The  Polish  Air  Force  Academy,  Dublin,  Poland 

A  project  on  real-time-kinematic  DGPS  has  been  recently  launched 
in  Poland.  A  pair  of  DGPS  stations  is  proposed  to  become 
operational  late  1998  as  an  experimental  part  of  the  system.  The 
system  is  designed  for  both  military  and  civil  users.  It  has  to 
satisfy  demands  of  the  Polish  aviation  for  precise  navigation  under 
all  weather  conditions.  The  broad  programme  of  test 
measurements  is  developed  to  assess  all  particular  segments  of  the 
system  including  equipment  of  the  reference  station  and  on-board 
installations  as  well  as  transmission  of  the  differential  corrections. 
The  system  will  assure  all  international  standards  of  accuracy  and 
will  fulfil  all  security  requirements. 


TATRA  MOUNTAINS  WITHOUT  BORDERS 
K.  Czamecki  (1),  J.  Janik  (2)  and  M.  Moizes  (2) 

(1)  Warsaw  University  of  Technology,  Institute  of  Geodesy  and  Geodetic 
Astronomy,  00-661  Warsaw,  Poland,  (2)  Department  of  Theotetical  Geodesy, 
Slovak  University  of  Technology,  Radlinskiho  11, 813  68  Bratislava,  Slovakia 
mojzes@cvt.stuba.sk/Fax:  421-7-325476 

The  reference  geodetic  network  CEGRN  in  Central  Europe  was  established  for 
studying  of  interplate  tectonic  deformations  of  European  tectonic  plate.  This 
network  serves  as  a  regional  reference  frame  for  local  tectonic  investigations.  The 
Project  “Tatra  Mountains  without  borders”  is  a  local  project  for  studying  of  3D 
displacement  of  points  located  in  Tatra  Mountains  without  Slovak-Polish  border. 
The  GPS  network  consists  from  four  higt  levels.  First  higt  level  is  about  700m, 
second  about  1  600m,  third  about  2  000m  and  fourth  on  the  top  of  Tatra  Mountains. 
The  first  GPS  measurement  campaigns  were  carried  out  by  Department  of 
Theoretical  Geodesy,  Slovak  University  of  Technology  Bratislava,  Institute  of 
Geodesy  and  Cartography  Bratislava  and  Institute  of  Geodesy  and  Geodetic 
Astronomy  Warsaw  University  of  Technology  in  September  1997.  The  local 
quasigeoid  was  determined  from  gravimetric  data  will  be  tested  by  GPS/levelling 
data. 


GEODYNAMIC  INVESTIGATIONS  IN  THE  SREA  OF  RKSK  RDT  (THE 
UKRAINIAN  CARPATHIANS) 

M.Demedy^  (1),  L.Dubis  (2),  K.Ttetyak  (1) 

(l)State  University  “Lviv  Polytechnic",  (2)  University  of  Lviv 
ksh@carDathian.uar.net/Fax:  +38-0322-333398 

The  Riksk  tectonic  rift  is  situated  in  the  Ukrainian  Carpathians  within  the  bounds  of 
the  river  basins  of  the  Rika  and  the  Tereblya  which  are  the  tight  tributaries  of  the 
Tusa.  The  riverbeds  of  the  Rika  and  the  Tereblya  are  practically  parallel  and  they  are 
situated  at  the  distance  of  6-20  km.  But  the  differences  of  the  marks  of  the  absolute 
altitudes  of  the  riverbeds  exceed  200m.  This  is  a  unique  phenomenon  in  the 
Ukrainian  Carpathians.  It  confirms  the  activity  of  the  rift  in  the  past.  The  natural 
overftill  of  the  altitudes  is  successfully  used  for  construction  of  the  Tereblya-Riksk 
hydroelectric  station  and  for  organising  Tereblyansk  reservoir.  Sharp  changes  in  the 
water  level  of  the  Tereblyansk  reservoir  leads  to  the  changes  of  the  hydrodynamic 
loading  in  the  area  of  the  Riksk  rift.  It  becomes  apparent  in  the  deformation  of  the 
earth  surface  (crust)  and  the  coristructions  of  the  Tereblya-Riksk  HES.  The  results 
■7f  the  reputed  observations  and  geodesic  and  "geotnorphalosi.c  invostieatiors  ornve 
this. 


APPLICATION  DGPS  SYSTEM  FOR  SURVEYS  OF 
HYDROTECHNICAL  OBJECTS 

A.  Dolgopolow  (Urzqd  Morski,  Plac  Batorego  4,  70-207  Szczecin,  Poland) 
A.  Wolski  (Maritime  University,  Waty  Chrobrego  2,  70-500  Szczecin, 
Poland) 

The  Baltic  Sea  is  connected  with  the  port  of  Szczecin  by  a  65-kilometre 
fairway  for  deep-drawing  ships.  In  order  to  ensure  nawigational  safety  in 
this  area  requires,  continuous  hydrotechnical  surveys  have  to  be  performed. 
This,  in  turn,  requires  accurate  positions  to  be  determined.  In  1996  a 
DGPS  reference  station  was  established.  The  station  transmits  differential 
corrections  on  VHF  channel  87  which  provide  for  increased  accuracy  of 
hydrographic  and  hydrotechnical  surveys. 

The  article  presents  data  from  a  test  in  which  a  DGPS  receiver  was  used. 
The  receiver  was  integrated  with  a  multi-beam  echosound  for  the  location 
and  frill  identification  of  dimensions  and  shapes  of  a  submerged 
hydrotechnieal  object  in  the  fairway.  The  tests  have  proved  that  the  DGPS 
reference  station  was  duly  and  correctly  located.  It  allows  conducting 
underwater  work  with  great  accuracy. 


LONG-PERIOD  SOLUTIONS  OF  RESULTS  OF  THE  GOP 
EUREF  LOCAL  ANALYSIS  CENTER 

Jan  Donia  (Research  Institute  of  Geodesy,  Cartography  and  Topography, 
Geodetic  Observatory  Peeny,  Ondfejov  98,  251  61,  Czech  Republic) 

Since  January  1997  the  Geodetic  Observatory  Pecn^  participates  in  the  EUREF 
Permanent  network  project  as  a  Local  Analysis  Center  (LAC).  During  this  pe¬ 
riod  the  GOP  LAC  produces  weekly  solutions  of  specified  permanent  subnet¬ 
work  as  its  official  results. 

The  method  of  creating  a  long-period  solution  based  on  weekly  LAC  results 
U  discussed.  Using  the  Sequential  Least-Square  Adjustment  implemented  in 
the  program  ADDNEQ  of  the  Bernese  GPS  software  (BSW)  allows  to  add 
the  velocity  parameters  to  the  coordinate  estimations.  The  new  implementa¬ 
tion  of  the  program  ADDNEQ  (BSW  Ver.4.1)  is  compared  with  the  old  one 
(BSW  Ver.4.0). 


THE  CENTRAL  EUROPE  GEODYNAMICS  PROJECT  (CERGOP):  MAIN 
ACHIEVEMENTS  I995-SS 

I.  Fete  U).  D.  Chitau  (2).  C.  Maicbcsiiii  (3).  M.  Mojzes  (4).  P.  P«cc  (3).  E. 
Rciahan  (6),  J.  Sindi  f7).  1.  Sledzinski  (8),  M.  Solaiic  (9).  F.  Vodopivee  (10),  F. 
Zablolskjj  (1 1) 

(1)  FOMI  Satellite  Geodetic  Observatoty,  Penc,  Hungaiy,  (2)  Technische 
Univenitaet  f&r  Bauweseo.  BukaresL  Romania.  (3)  University  of  Udine,  Udine, 
Italy.  (4)  Slovak  Technical  Univenily.  Bratislava.  Slovakia.  (5)  Institute  for  Space 
Research.  Graz,  Austria.  (6)  Institute  for  Applied  Geodesy.  Frankfort  aM.. 
Germany.  (7)  Research  Inn.  of  Geode^.  Topography  and  (irtography,  Zdiby, 
Czech  Republic.  (8)  Warsaw  University  of  Technology,  Warsaw,  Fol^  (9) 
University  of  Zagreb.  Zagreb.  Croatia,  (10)  Univenily  of  Ljubljana,  Ljubljana. 
Slovenia.  (1 1)  State  University  "Lviv  Polytechnic",  Lviv,  Ukraine 

CERGOP  has  integrated  a  considerable  part  of  geodynainic  research  in  Central 
Europe,  established  a  large  number  of  collaboration,  exchange  of  information  and 
perhaps  most  not^Iy  •  mutual  mist  and  understanding  among  the  participants.  The 
Central  European  Geodyiumic  Reference  Network  (CEGRN)  based  on  GPS 
measurements  has  been  established  consisting  of  31  sites  in  11  Central  European 
countries.  Four  epoch  measurements  were  carried  out  spanning  3  years  from  1994- 
97.  The  results  of  the  yearly  epoch  measurements  on  the  CEGRN  are  the  basis  for  a 
number  of  studies. .  There  are  12  permanent  GPS  stations  operating  in  the  area  10 
multinational  CERGOP  Study  Groups  (CSG)  are  active  and  some  of  their  results  is 
presented  here.  The  CERGOP  Data  Centre  fonctioning  efficiently  and  smoothly  in 
Graz,  Austria.  Processing  of  the  observational  data  are  carried  out  in  the  CERGOP 
Processing  Centres  (Bratislava,  Frankfoit  am  Main,  Graz,  Peeny,  Penc  and 
Warsaw).  The  data  analysis  is  done  within  CS(j4.  Important  achievement  is  that 
the  accuracy  of  the  CEGRN  epoch  coordinates  b  on  the  sub-centimeter  level. 
Publication  of  the  proceedings  b  carried  out  by  the  Warsaw  Univenily  of 
Technology.  Poland,  quickly  and  efficiently  in  the  Rtports  on  Geodesy.  There  are 
extemal  usere  of  CEGRN  already.  Most  no^ly  (he  University  of  Karbruhe  and  the 
Italian  Space  Agency  (ASI)  are  using  CEGRN  data  for  geophysical  studies.  We  are 
also  aware  of  a  number  of  local  defoimatlon  studies  in  the  participating  countries 
where  CEGRN  sites  are  used  as  reference. 
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DGPS  on  The  Baltic  Sea  -  the  Hydrographic  Experience 

A.  Felski.  C.  Specht 
Polish  Naval  Academy,  Gdynia 
Afel@amw.Gdynia.pl 

The  paper  presents  the  status  of  DGPS  network  on  the 
Southern  Baltic  and  the  degree  of  its  implementation  for  the 
hydrographic  requirements.  The  operation  zones  as  well  as  the 
accuracy  and  availability  of  the  reference  stations  were  investigated. 

It  must  be  underscored  that  in  the  Polish  exclusive  economic 
zone,  and  even  on  the  coast,  signals  from  the  Swedish  and  the  Danish 
stations  were  received. 


THE  EFFECT  OF  IONOSPHERE  MODELING  ON  THE  ACCURACY  OF 
GPS  SINGLE-FREQUENCY  OBSERVATIONS. 

M.  FigurskI  (Military  University  of  Technology,  Warsaw) 

The  analysis  of  the  possibility  of  applying  different  ionosphere  models  (ranging 
from  global  to  local)  to  improve  the  accuracy  of  determinations  from  single- 
frequency  measurements  of  GPS.  The  method  proposed  in  the  paper  permits 
increasing  the  accuracy  of  determinations  of  position  of  single-frequency  GPS 
receivers. 


ANALISYS  OF  A  SUB-NETWORK  OF  STATIONS  FROM  4  YEARS  OF 
CERGOP  GPS  CAMPAIGNS. 

Fermi  M.  (•),  Ferraro  C.  ($),  Nardi  A.  (•),  Pacione  R.  ($),  Vespe  F.  (&). 

(*)  Telespazio  S.p.a.,  Roma,  Italy 

($)  Telespazio  S.p.a.,  CGS  Space  Geodesy  Center,  Matera,  Italy 

(&)  Italian  Space  Agency  (ASI),  CGS  Space  Geodesy  Center,  Matera,  Italy 

micro@astrid.mt.asi.it/Fax:  +39-835-33495 1 

CERGOP  project  started  in  1994  with  the  purpose  of  monitoring  the  central-eastern 
part  of  Europe.  Since  that  time  GPS  campaigns  were  carried  out  one  per  year.  Recently 
CERGOP  has  extended  the  network  to  the  southern  part  of  Europe.  The  extension  of 
the  network  is  making  suitable  its  integration  with  the  existing  permanent  ne^ork  in 
Italy  and  is  strongly  encouraging  the  involvement  of  other  countries  in  the  project.  For 
these  reasons  Italy  are  evaluating  the  opportunity  to  play  a  major  role  in  the  next 
phase  of  CERGOP  project  which  plans  to  address  its  efforts  in  a  wider  field  of 
applications.  As  contribution  of  Matera  Space  Geodesy  Center  (CGS)  to  the  project,  a 
sub-network  of  CERGOP  stations  has  been  analyzed  and  the  major  results  in  terms  of 
coordinates  and  baselines  time-series,  together  with  the  processing  strategy,  are 
showed  in  this  paper. 


THE  CONTRIBUTION  OF  THE  EUREF-  AND  EUVN-GPS- 
CAMPAIGNS  TO  THE  MAINTENANCE  OF  THE  GEODETIC 
REFERENCE  SYSTEM  IN  CENTRAL  EUROPE 

P.  Frajoke,  J.  Hide,  W.  Schliiter,  H.  Seeeer  and  G.  Weber 
Bundesamt  fiir  Kartographie  und  GeodSsie,  Frankfurt  a.M. 


From  1989  to  1997  a  new  GPS-orientated  European  Geodetic 
Reference  System  of  high  accuracy  was  established  (EUREF).  In  order 
to  maintain  and  to  improve  this  frame  especially  in  haght  in  May  1997 
8  large  GPS-Campaign  including  approximately  180  sites  was  observed 
wWch  combines  about  60  EUREF-sites  with  about  60  tide  Gauges  and 
about  60  Nivellitic  Nodal  Points.  To  obtain  daily  control  about  65 
permanent  GPS-stations  are  operated  all  over  Europe  which  result  in 
very  precise  positions  reflecting  any  agnificant  change. 


FINAL  RESULTS  OF  CEGKN  OBSERVATIONS  CAMPAIGNS. 

L.  Ferraro  (Agenzia  Spaziale  Italiana) 

M.  Marjanovic  (Drzavna  Geodetska  Uprava,  Croatia) 

L.  Mervart  (Geodetic  Observatory  Peciiy,  Czech  Republik) 

M.  Becker,  T.  Rus  (Bundesamt  luer  Kartographie  und  Geodaesle,  Germany) 

T.  Pany  (Institute  of  Space  Research,  Austrian  Academy  of  Sciences) 

G.  Stangl  (Federal  Office  of  Meteorology  and  Surveying,  Austria) 

A  Kenyeres  (FOMI  Satellite  Observatory  Penc,  Hungary) 

J.  Hefty  (Department  of  Theoretical  Geodesy,  Slovak  Technical  University) 

.1.  B.  Ropowski  (Institute  of  Geodesy  and  Geodetic  Astronomy  WUT,  Poland) 
M.  Figurski  (Military  University  of  Technology,  Poland) 

Central  European  GPS  Reference  Network  (CEGRN)  was  established  as  a  part  of 
Central  Europe  Regional  Geodynamics  project  (CERGOP).  Starting  with  1994 
yearly  CEGRN  campaigns  have  been  performed  lasting  for  about  five  days. 
Observations  of  some  permanent  stations  of  IGS  and  EUREF  have  been  added  to 
the  field  data,  thus  forming  the  CEGRN  network  for  geodynamic  research.  The 
network  computation  has  been  carried  out  by  six  analysis  centres.  Which  have 
used  a  common  processing  strategy  and  BERNESE  v.  4.0.  Common  data  set  was 
used  except  numbers  of  sutrouding  IGS  stations.  Troposphere  parameters  have 
been  estimated  every  two  hours  using  10  cm  absolute  constraint,  2  cm  relative 
constraint  and  Saastamoinen  troposphere  model  as  a  priori  model.  The  adjustment 
was  done  by  constraining  the  lTRF-94  coordinates  of  Wettzell.  Official  CEGRN 
products  consist  of  (l)individual  Processing  Centres  solutions,  (2)combination  of 
free  network  solutions,  (3)solutions  transformed  to  CEGRN  Reference  Frame  and 
their  analysis  are  presented  in  the  paper. 


AN  ATTEMPT  FOR  GEOKESEMATIC  INTERPRETATION  OF  GPS 
MEASUREMENTS  IN  THE  CEGRN  NETWORK 

Gy.  Gtenerczy,  A.  Kenyeres 

FOMI  Satellite  Geodetic  Observatoiy,  H-1373  Budapest,  P.O.Box  546,  Hungary 

grenerczy@sgo.fomi.hu  /  Fax:  +36-27  310  980 

The  Central  European  GPS  Geodynamic  Reference  Network  (CEGRN)  was 
established  in  the  frame  of  the  CERGOP  project  in  1994  in  order  to  study 
the  relevant  tectonic  features  in  the  Central  European  region.  The  CEGRN 
network  consists  of  31  official  sites  distributed  in  11  countries.  The  primary 
tool  for  this  investigation  is  the  GPS  technique.  So  for  four  GPS  campaigns 
were  organized  between  1994  and  1997.  The  GPS  data  had  been  processed 
by  several  processing  centers  according  to  a  unified  strategy.  The  FOMI 
Satellite  Geodetic  Observatory  was  one  of  the  Processing  Centers.  This 
paper  sutmnarizes  the  results  of  the  processing  activity  but  it  focuses  on  the 
possible  interpretation  of  the  four-epoch  GPS  data  set.  An  attempt  was  made 
to  determine  the  velocities  of  the  CEGRN  sites  and  detect  the  strain 
distribution  in  the  area  under  investigation  providing  quantitative 
information  for  the  recent  geodynamic  model  of  the  Central  European 
region.  Although  the  CERGOP  project  temiinated  in  1998,  the  activities 
initiated  in  its  frame  planned  to  be  continued  in  the  future  in  order  to 
provide  more  realistic  geokinematic  picture  on  the  Central  European  region. 
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CRUSTAL  DEFORMATIONS  IN  THE  PANNONIAN  BASIN 
INFERRED  FROM  GPS  MEASUREMENTS 

Gy.  Grenerczy 

Geophysics  Dept.  Of  Eotvos  University,  Budapest  and  FOMI  Satellite 
Geodetic  Observatory,  H-1373  Budapest,  P.O.Box  546,  Hungary 
grenerczy@sgo.fomi.hu/Fax:  +36-27  3 10  980 

The  formation  and  the  evolution  of  the  Pannonian  basin  is  one  of  the  main 
events  of  the  Neogene  tectonics  of  Central  and  Eastern  European  region. 
The  Hungarian  GPS  Geodj^namic  Project  was  commenced  at  the  beginning 
of  the  nineties  to  investigate  the  recent  crustal  deformation  in  the  Pannonian 
basin.  The  Hungarian  GPS  Geodynamic  Reference  Network  (HGRN)  had 
been  established  in  1991.  From  that  time  four  surveys  were  carried  out  and 
after  six  years  of  measurement  we  started  to  evaluate  our  results.  During  the 
interpretation  the  determination  of  velocity  field  and  strain  distribution  is 
carried  out.  Based  on  the  calculated  deformations  we  try  to  mark  out  faults 
and  areas  having  active  recent  tectonics.  We  try  to  define  the  recent  tectonic 
regime  of  the  basin  as  well.  Furthermore  we  compare  our  results  with  that  of 
other  methods  and  finally  we  attempt  to  surrunarize  a  recent  tectonic  model 
for  the  Pannonian  basin  based  on  the  four  HGRN  GPS  campaigns. 


ESTIMATE  OF  SITE  VELOCITIES  FROM  CEGRN  GPS  CAMPAIGNS 
REFERRED  TO  CERGOP  REFERENCE  FRAME 

J.  Hefty. 

Department  of  Theoretical  Geodesy,  Slovak  University  of  Technology 

Radlinskdho  1 1,  813  68  Bratislava,  Slovakia 

hefty@cvt.stuba,sk 

Precise  geodetic  GPS  network  CEGRN  (Central  European  GPS  Reference  Network) 
for  studies  on  geodynamics  in  the  territory  of  Central  Europe  is  provided  within  the 
Central  Europe  Regional  Geodynamics  Project  (CERGOP).  Coordinates  and 
covariance  matrices  from  four  CEGRN  epoch  campaigns  from  1994  to  1997  are 
used  to  estimate  velocities  of  about  30  sites  observed.  We  apply  the  global  staistical 
model  for  estimation  of  site  coordinates  and  site  velocities  on  the  basis  of  epoch  GPS 
observation  campaigns.  The  model  enables  estimation  of  single  site  velocities  as  well 
as  the  velocities  common  to  group  of  sites.  The  velocity  estimates  are  referred  to 
CERGOP  reference  frame  that  allows  to  interpret  the  derived  quantities  as  site 
movements  relative  to  the  Central  European  part  of  the  Eurasian  tectonic  plate. 
Resulting  horizontal  velocities  of  the  monitored  sites  are  of  order  of  several  mm  per 
year.  Their  statistical  significance  is  discussed. 


USE  OF  GPS  MEASUREMENTS  FOR  DETERMINATION  OF 
GRAVIMETRIC  TOPOGRAPHIC  CORRECTION 

BJKalinowska-Sledzin.ska.  M.Barlik,  K.Czarnecki,  S-Marganski, 
A.Pachuta,  J.Walo. 

(Warsaw  University  of  Technology,  Institute  of  Geodesy  and 
Geodetic  Astronomy,  Warsaw,  Poland) 

The  problem  how  to  replace  the  classical  horizontal  and  vertical 
surveys,  indispensable  for  the  determination  of  the  gravimetric 
reductions  and  corrections,  by  the  satellite  GPS  measurements  is 
discussed  in  the  paper.  The  theoretical  considerations  are 
supported  by  the  results  of  the  practical  test  surveys  performed  in 
the  Geodynamical  Test  Field  located  in  the  hilly  area  near 
Grybow,  south  Poland.  For  field  test  measurements  there  were 
used  electronic  total  stations,  levelling  instruments  and  satellite 
GPS  equipment  capable  to  apply  the  quick  measuring  technologies 
in  real  time  kinematic  mode. 


GEOMETRICAL  INTERPRETATION  OF  THE  QUASIGEOID  ON 
THE  TERRITORY  OF  THE  CZECH  REPUBLIC 

J.  Kosteleckv  fl.2)  and  A.  Zemzu  (13 

(1)  Department  of  Advanced  Geodesy,  Faculty  of  Civil  Engineering,  TU 
Prague,  Czech  Republic,  zeman@fsv,cvut.C2,  ++4202  24353864,  (2)  Rese¬ 
arch  Institute  of  Geodesy,  Topography  and  Cartography,  Zdiby,  Czech  Repu¬ 
blic,  vugtk@ms.anet.cz  /fax  ++4202  6857250 

The  surface  of  the  local  quasigeoid,  constructed  at  the  Research  Institute  of 
Geodesy,  Topography  and  Cartography  on  the  basis  of  heterogenous  data 
(astronomy,  gravimetry)  is  considered  as  geometrical  surface.  For  that  surface 
the  metric  tensor,  Christoffel  symbols,  Gaussian  and  mean  curvatures  were 
computed.  The  results  are  correlated  with  geomorphology  and  geotectonic 
structure  of  the  territory  of  the  Czech  Republic. 


IRREGULAR  CHANGES  IN  EARTH  ROTATION  PARAMETERS. 

M.  Kruczvk  (Institute  of  Geodesy  and  Geodetic  Astronomy  WUT,  Warsaw) 

Few  numerical  methods  were  used  to  detect  irregular  changes  both  in  the  polar 
motion  and  length  of  day  in  two  combinations  of  everyday  ERP  from  lERS  and 
JPL  (R.  Gross).  Signal  amplitudes  only  slightly  exceed  observational  noise  so  the 
most  helpful  time  spectral  analysis  remains  MESA  with  weight  windows.  Some 
non  tidal  short  period  oscillations  were  identified  and  filtered.  Long  term  changes 
of  individual  oscillation  amplitudes  show  conformity  of  modulation.  First  trial  to 
detect  irregular  changes  was  the  least  square  adjustment  of  the  most  energetic 
oscillations  to  obtain  amplitude  and  phase  fluctuation,  Much  more  successful 
approach  appeared  long  time  series  prediction.  The  difference  between  prognosed 
and  observed  value  was  assumed  as  a  convenient  determinant  of  irregular 
changes.  Three  methods  of  prediction  were  applied  to  mentioned  series: 
(l)autocovariance  with  the  robust  approximation.  (2)autoregressive  reccurentlon 
with  RVC  criterion,  (3)autoregressive  with  least  square  coefficient  adjustment. 
Good  correlation  of  all  results  confirm  credibility  of  prediction  as  the  tool  for 
irregular  changes  survey.  In  same  periods  of  time  prognosis  deviations  are  few 
times  bigger  then  normally  and  higher  then  statistical  expectations.  Notable 
amount  of  prognosis  deviation  data  allowed  to  compare  prognosibility  of  different 
parameters,  evaluate  quantity  of  data  and  test  numerical  algorithms.  But  first  of  all 
we  can  search  now  for  correlations  between  irregular  changes  of  ERP  and  the 
alternations  in  global  atmospheric  and  hydrospheric  circulation  -  connection  with 
the  seasons  and  El  Nino  is  highly  probable.  This  paper  presents  subseqent  steps  of 
calculations,  final  results  and  first  conclusions. 

COMPARISON  OF  DIFFERENT  TYPES  OF  GPS  RECEIVERS  AND 
ANTENNAS. 

L.  Kuiawa  (Institute  of  Geodesy  and  Geodetic  Astronomy  WUT,  Warsaw) 

Receivers. tests  were  performed  at  the  Institute  of  Geodesy  and  Geodetic 
Astronomy  Warsaw  University  of  Technology  to  compare  some  different  types  of 
receivers  and  antennas  under  A/S  conditions.  To  perform  the  test  we  assembled  six 
receivers:  TurboRogue  SNR8000,  Ashtech  Z-XII-3,  Trimble  4000SSE  .Trimble 
dOOOSSi  and  Leica  SR9500  .  Two  basic  types  of  tests  were  performed:  zero 
baseline  and  short  baseline  tests.  Detailed  results  of  tests  are  described  in  the 
paper. 
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ACHIEVEMENTS  AND  PROSPECTS  OF  GEODYNAMIC  STUDIES  ON 
THE  CARPATHUN  TEST  FIELD 

V.Kuznetsova  (1),  V.Maksymchuk  (1),  A-Ostrovskyj  (2),  K.Tretyak  (2), 
T.Verbytskyj  (1)  .F.Zablotskyj  (2)  and  P.  Chemyaga  (3) 

(l)Carpathian  Branch  of  Institute  of  Geophysics  of  Ukrainian  Ac.of  Sc.  (2)State 
University  “Lviv  Polytechnic”  (3)  Ukr^an  State  Academy  of  Water  Management 
fzablots@poIynet.lviv.ua/Fax:  +38-0322-744300 

Complex  geodetic,  geophysical  and  geological  studies  in  seismoactive  part  of 
the  Ukrainian  Carpathians  are  directed  on  the  study  of  modem  geodynamic 
processes,  particularities  of  deep  construction  of  lithosphere  and  forerunners  of 
earthquakes.  Geodetic  network  for  the  recent  movements  of  the  Earth’s  crust 
studying  was  laid  there  at  the  beginning  of  the  70’s.  The  GPS  measurements  on 
nine  points  were  conducted  in  1993.  Their  comparison  with  linear 
measurements  has  allowed  to  receive  the  characteristics  of  horizontal 
deformations  of  the  Earth’s  crust.  The  map  of  gradients  of  velocities  of  vertical 
deformations  is  created  by  the  results  of  repeated  levelling.  Six  complex 
geophysical  and  four  seismic  stations  are  working  in  the  continuous  conditions. 
Inclinometric  and  deformogfaphic  observing  are  carried  out  in  a  special  galley. 
Gravimetric  and  geomagnetic  measurements  are  conducted  on  the  special 
points  and  fundamental  bench  marcs.  The  zones-indicators  of  changes  of  tense- 
deformed  condition  of  the  lithosphere  for  a  period  1982-1995  are  determined  on 
the  basis  of  geomagnetic  monitoring.  Technology  of  the  active  fault  zones 
studying  by  the  tectonomagnetic  method  is  developed.  Realization  of  repeated 
geodetic  measurements  on  all  test  fields,  as  well  as  expansion  of  a  network  of 
compiex  geophysical  stations  as  well  is  planned. 


PRESENT  STATUS  OF  ESTABLISHMENT  OF 
NAVIGATION  DGPS  SYSTEMS  IN  EUROPEAN 
COUNTRIES 

Stanis^aw  Oszczak  (Institute  of  Geodesy,  Olsztyn  University  of 
Agriculture  and  Technology,  10-957  Olsztyn,  Poland). 

The  information  on  some  applications  of  DGPS  methods  to 
establishment  of  navigation  systems  for  marine,  aviation  and 
land  navigation  purposes  in  EU  and  Central  European  Countries 
is  given.  The  integration  and  standardization  aspects  of  National 
and  Local  Area  Augmentation  Systems  (LAAS)  with  European 
Project  EGNOSbeeingapartofGNSS-1  is  discussed. 

The  status  of  projects  and  problems  of  creating  of  DGPS 
permanent  reference  stations  network  in  Central  Europa  is 
described.  The  impact  of  DGPS/DGLONASS  integration  to  give 
availability,  integrity,  continuity  and  accuracy  for  navigation  and 
positioning  determinations  is  also  presented. 


UNIFICATION  OF  GRAVITY  SYSTEMS  OF  CENTRAL  AND  EASTERN 
EUROPEAN  COUNTRIES  -  UNIGRACE 

F  Brinbaiirn.  B.  Richter(l),  H.  Wilmesfl),  J.  Sledzinski(2),  I.  Marson(3), 

E.  Eikei(4),  D.  Ruess(4),  J.  Kakkuri(5),  J.  Makinen(5) 

(1)  Bundesamt  fBr  Kartographie  und  Geoddsie,  Frankfurt  a.M.,  Germany, 

(2)  WUT,  Warsaw,  Poland,  (3)  Univ.  de  Trieste,  Italy,  (4)  BEV,  Wien,  Austria, 

(5)  Finn.  Geod.  InsL,  Masala,  Finland 

Gravity  is  considered  as  a  constant  in  several  metrological  problems,  it  enters  the 
definition  of  height  systems  and  is  commonly  used  in  exploration  of  mining  and 
energy  resources  in  Central  and  Eastern  Europe.  The  differences  between  gravity 
systems  in  Eastern  and  Central  Europe  are  so  large  that  they  strongly  affect 
mapping*  surveying  and  navigation  in  a  European  scale  as  well  as  the  ve^cal 
datum  definitions  and  height  ^sterns.  Because  of  the  present  trends  of  poliUcal 
and  economical  unification  in  Europe  also  formerly  classified  gravimetnc  data 
are  becoming  available.  It  is  therefore  mandatory  to  study  ^stem  differences  and 

to  unift  them.  . . .  . 

The  project  UNIGRACE  aims  at  solving  this  problem  in  the  only  possible  way  by 
carrying  out  absolute  gravity  measurements  with  the  most  advanced  technology  at 
selected  sites  in  the  countries  concerned.  In  a  joint  effort  five  European  groups 
from  Austria,  Finland,  Germany,  Italy  and  Poland  using  their  absolute 
gravimeters  and  partners  from  Bulgaria,  Croatia,  Czech  Republic,  Hungary,  R^ 
mania,  Slovakia  and  Slovenia  will  determine  sufficiently  large  gravimetric 
networks  in  Central  and  Eastern  Europe  in  a  relatively  short  time.  As  a  result,  a 
unique  gravity  system  in  Europe  will  be  available.  .  .  • 

The  European  Commission  is  granting  the  project  for  3  years  after  sigmng  the 
contract  in  December  1997.  The  Project  starts  after  the  first  working  conference 
in  Frankfiiit  a.  M.  in  February  1998. 


CERGOP  AS  A  REGIONAL  NETWORK  FOR  THE  MAINTENANCE  OF 
THE  EUREF  REFERENCE  FRAME. 

J.  B.  Rngowski  pnstitute  of  Geodesy  and  Geodetic  Astronomy  WUT, 
Warsaw) 

M.  Figurski  (Military  Academy  of  Technology,  Warsaw) 

In  1987/88  the  lAG  EUREF  Sub-commission  designed  and  defined  a  new  precise 
Geodetic  Continental  Reference  System  ETRS.  In  1994  at  the  EUREF  Symposium 
in  Warsaw  the  use  of  the  European  permanent  stations  for  the  European  reference 
frame  was  recognised.  All  organisations  performed  permanent  GPS  observations 
in  Europe  were  invited  to  make  available  their  observations  and  analysis  centres 
were  invited  to  process  European  sub-networks  consisted  of  those  permanent 
stations.  In  May  1996  the  IGS  officially  accepted  the  EUREF  response  to  the  IGS 
call  for  densification  of  ITRF  by  regional  GPS  analysis.  At  present  EUREF 
permanent  network  consists  of  nearly  60  stations,  7  Local  Analysis  Centres 
performed  processing  of  the  data  from  particular  EUREF  sub-networks.7  EUREF 
permanent  stations  are  also  the  CEGRN/CERGOP  sites.  Results  of  combinations 
of  CEGRN  epoch  solutions  and  EUREF  solutions  are  presented  in  the  paper.  Role 
of  combination  CEGRN  and  EUREF  solutions  in  the  maintenance  is  also 
discussed. 


PERMANENT  GPS  STATIONS  IN  CENTRAL  EUROPE  FOR 
PRECISE  (REAL-TIME)  POSITIONING 

P.  Pesec 

Institute  for  Space  Research,  Austrian  Academy  of  Sciences,  Graz; 
peter.pesec@oeaw.ac.at. 

The  growing  demand  for  precise  geocentric  coordinates  in  real-time  to 
be  used  as  input  for  the  guidance  and  control  of  moving  objects  forces 
the  update  and  densification  of  satellite  reference  stations.  GPS 
(eventually  combined  with  GLONASS)  will  keep  the  privilege  at  least 
tor  the  next  five  years. 

The  project  CERGOP  of  the  Central  European  Initiative  CEI  has 
stimulated  first  steps  for  the  establishment  of  a  GPS-reference 
network  in  Central  Europe.  During  the  next  phase  this  network  should 
be  updated  in  order  to  meet  forth-coming  interdisciplinary  challenges, 
scientific  as  well  as  commercial,  the  accuracy  level  ranging  from  some 
metres  down  to  the  millimetre  level. 

The  paper  discusses  the  requirements  for  a  future  CERGOP-2  GPS 
reference  network,  required  to  cover  all  aspects,  leading  from  a  simple 
position  finding  via  precise  navigation  to  geodynamical  monitoring.  As 
an  example,  the  present  status  of  the  Austrian  multi-purpose  GPS- 
network  and  the  ongoing  developments  are  shown. 


SOME  CHARACTERISTICS  OF  DETAILED  GRAVITY  FIELD  FOR 
THE  TERRITORY  OF  THE  CZECH  REPUBLIC  AND  THEIR 
GEOPHYSICAL  IMPLICATIONS 

J.  Simek  (Research  Institute  of  Geodesy,  Topography  and  Cartography, 
Geodetic  Observatory  Pecn^,  CZ-251  65  Ondfejov  244,  Czech  Republic) 
e-mail;  gope@asu.cas.cz 

Two  of  the  earth's  gravity  field  characteristics  -  geoid  heights  and  vertical 
deflections  computed  for  the  territory  of  the  Czech  Republic  from  a  high 
resolution  model  based  on  terrestrial  and  satellite  data  using  different  gravity 
and  topographic  reductions  have  been  used  for  a  correlation  analysis 
incorporating  several  geophysical  fields  -  recent  crustal  movements,  heat  flow 
and  zones  of  macroseismic  mobility.  The  results  are  compared  with  those 
previously  obtained  with  less  detailed  terrestrial  data. 
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CURRENT  STATUS  OF  REALISATION  OF  SCIENTIFIC  PROGRAMMES 
IN  GEODESY  AND  GEODYNAMICS  OF  THE  CEI  SIXTEEN  COUNTRIES 


Jannsz  SledzIAski  (Warsaw  University  of  Technoiogy,  Institute  of  Geodesy  and 
Geodetic  Astronomy,  Warsaw,  Poiand) 

The  broad  programme  of  geodynamic  research  initiated  by  CEI  (Central 
European  Initiative)  member  countries  is  outlined  in  the  paper.  The 
achievements  in  the  Project  CEI  CERGOP  (Central  Europe  Regional 
Geodynamics  Project)  are  shortly  discussed.  The  main  objectives  of  the  Project 
are:  to  integrate  the  geodynamic  research  in  the  region  of  Central  Europe 
based  on  high  accuracy  space  geodetic  measurements,  to  provide  a  precise 
geodetic  frame  CEGRN  (Central  European  GPS  Reference  Network)  for  studies 
of  geodynam  Ics  of  Central  European  area  (Pannonia  Basin,  Teisseyre-Tomquist 
Zone,  Carpathian  Orogenic  Belt,  Subalpine  Region  and  Bohemian  Massif)  and 
to  collect  observations  for  studies  and  interpretation  of  geodynamIc  interactions 
in  Central  Europe.  The  following  countries  participate  in  the  Project;  Austria, 
Croatia,  the  Czech  Republic,  Germany,  Hungary,  Italy,  Poland,  Romania, 
Slovakia,  Slovenia  and  Ukraine.  Four  GPS  observation  campaigns  of  the 
CEGRN  were  organised  in  1994,  199S,  1996  and  1997.  Another  CEI  Project 
UNIGRACE  concerns  unification  of  the  gravity  systems  in  Central  and  Eastern 
European  countries.  The  activities  of  other  CEI  WGST  Section  C  “Geodesy" 
working  groups  (WG  on  University  Education  Standards,  WG  on  Satellite 
Navigation  Systems)  are  also  outlined  in  the  paper. 


SIX  GPS  CAMPAIGNS  OF  THE  PROJECT  EXTENDED  SAGET 

Janusz  ^ledzinski  (Warsaw  University  of  Technology,  Institute  of 
Geodesy  and  Geodetic  Astronomy,  Warsaw,  Poland) 

The  international  project  EXTENDED  SAGET  was  launched  by  the 
Institute  of  Geodesy  and  Geodetic  Astronomy,  Warsaw,  Poland  in 
1991  as  a  continuation  and  extension  of  the  Polish  geodynamic 
project  SAGET  (Satellite  Geodetic  Traverses)  initiated  by  this 
Institute  in  1986.  Six  5-day  GPS  epoch  observation  campaigns  were 
organised  every  year  since  1992.  About  50  European  stations  from 
12-14  countries  take  part  every  year  in  the  Project.  The 
observations  are  processed  in  the  Institute  Processing  Centre.  This 
Proce^ing  Centre  currently  acts  as  (I)  Regional  Network  Associate 
Analysis  Centre,  (2)  EUREF  Local  Analysis  Centre  and  (3)  CEI 
CERGOP  Processing  Centre.  Since  1994  the  campaigns  of 
EXTENDED  SAGET  have  been  coordinated  with  the  campaign  of 
the  CEI  CERGOP  (Central  Europe  Regional  Geodynamks  Project) 
Project. 


MONOGRAPHIES  ON  GEODYTtAMICS  OF  A  PART  OF  CEI 
TERRITORY 

I,  Sledzinski  (1)  and  P.  Vyskoiii  (2) 

(1)  Inst,  of  Geodesy  &  Geodetic  Astronomy,  Warsaw  University  of  Technology, 
Poland,  sledzinski@gik.pw,edu.pl,  (2)  Research  Institute  of  Geodesy,  Topogra¬ 
phy  and  Cartography,  Zdiby,  Czech  Republic 

Within  the  Section  C  „Geodesy“  of  the  Central  European  Iniciative  the  CER¬ 
GOP  Study  Group  8  (CSG8)  „Geotectonic  analysis  of  the  region  of  Central  Euro¬ 
pe"  was  created.  The  cooperation  is  aimed  at  preparation  of  monographies  of 
chosen  geological  provinces  in  Central  Europe.  Whole  region  was  divided  in  five 
provinces  as  follows:  Bohemian  Massif,  Tesseyre-Tomquist  zone  (and  Eastern 
platform).  Eastern  Carpathians,  Southern  Carpathians  (Dobrogean  Orogen. 
Moesian  Platform  and  Northern  Balkanides)  and  Pannonian  Basin.  The  prepa¬ 
ration  of  Monographies  was  coordinated  by  one  responsible  scientist  for  each 
province  with  collective  of  collaborators  -  specialists  in  geology,  geophysics  and 
geodesy.  Main  goal  is  to  summarize  the  present  knowledge  on  structural  pro¬ 
perties  and  geodynamics  of  whole  region  with  recommendations  for  further 
scientific  studies  by  means  of  advanced  technique.  These  studies  will  be  aimed  at 
definition  of  geodynamical  model  with  consequences  by  solution  of  environ¬ 
mental  problem  in  Central  Europe.  The  set  of  monographies  is  ready  for  print 
and  main  achievements  are  discussed  in  present  paper. 


THE  GPS  CAMPAIGNS  OF  CERGOP  -  COMBINED  PRODUCTS 
OF  1994-1997 

G.  Stangl  (Federal  Office  of  Metrology  and  Surveying, 
Lustbuehelstrasse  46,  A-8042  Graz,  Austria) 

The  GPS  measurements  of  the  CERGOP  campaigns  1994  to  1997  have 
been  processed  by  several  centres  using  a  frame  of  common  rules.  With 
an  accuracy  of  better  than  10  mm  tectonic  movements  should  be 
detectable  in  most  parts  of  Central  Europe.  Using  a  free  network 
comparison  as  well  as  an  evaluation  in  a  special  precise  reference 
frame  some  movements  may  significantly  deviate  from  the  common 
rate  of  plate  velocities. 


SOME  NOTES  ON  THE  FUTURE  NAVIGATION  SATELLITE 
SYSTEM  AR(3HaTECTURE  FOR  MARINE  PURPOSES 

Marek  Szymonski 

Merchant  Marine  Acarlemyof  Gdynia,  Poland 

This  paper  provides  an  advice  on  the  evaluation  of  more  than  one 
Satellite  System  concept  &r  marine  navigation. 

A  very  wide  range  of  different  types  of  ships  peiformes  different 
tasks  at  sea.  The  transport,  scienttSc,  technological,  economical  and 
social  development  are  generating  new  specific  tasks  at  sea  which 
result  in  future  standarization  of  navigation  operation. 

The  standards  for  navigation  are  very  precisely  specified  by 
regularions  made  by  the  Inteniafional  Maritime  Organization 
(IMO).  Some  of  them,  concerning  the  Satellite  Systems  of  Global 
Marine  Navigation  are  presented  in  the  pqier. 


ATTEMPTS  AT  UPGRAGING  UNIVERSITY  EDUCATION 
STANDARDS  IN  THE  CEI  COUNTRIES 


Florian  Vodonlvec.  Geodetic  Department,  Faculty  of  Civil  and  Geodetic 
Engineering,  University  of  Ljubljana, 

)amova2, 1001  Ljubljana,  Slovenia 
Ktzimierz  Czarnecki,  Institute  of  Geodesy  and  Geodetic  Astronomy, 
Warsaw  University  of  Technology, 

Plac  Politechniki  1, 00661  Warsaw,  Poland 

Working  Group  of  the  CEI  Section  C  ‘Geodesy’  on  “University  Educa¬ 
tion  Standards”  was  established  in  1994.  The  Working  Group  goals  are 
focused  on  upgrading  the  education  level  in  the  field  of  geodesy  and 
land  surveying  in  the  CEI  countries.  Paper  presents  the  problems 
considered  during  the  Working  Group  Symposia  held  at  the 
Department  of  Geodesy,  University  of  Ljubljana.  The  first  Symposium 
of  1996  was  devoted  to  the  topic  of  “Education  in  GPS  for  Geode.sy 
and  GTS",  and  the  second  to  “DOPS  in  Engineering  and  Cadastral 
Measurements  -  Education  and  Practice”.  Paper  summarises  the 
Symposia  and  announces  The  Working  Group  planes  (A  Workshop  on 
"Education  in  GPS  for  GIS"  is  planned  to  be  held  in  Gryb6w,  Southern 
Poland,  summer  1998). 
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